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INAUGURAL ADDRESS 


By ARCHIBALD PAGE, President. 


(Address delivered before THE INSTITUTION, 20th October, 1927.) 


The Presidency of the Institution of Electrical 
Engineers is a position of high distinction. I therefore 
enter upon the duties and responsibilities of office with 
some degree of anxiety, but at the same time with a 
determination to emulate the work of my illustrious 
predecessors and to maintain to the full the traditions of 
the Institution, of which we are all so proud. To be 
chosen by the general body of members, on the nomina- 
tion of the Council, not: only to preside over their 
deliberations, but to represent them professionally and 
socially in many different ways, is an honour which I 
greatly appreciate and for which I express my thanks. 

The continued growth of the Institution, which has 
now a membership of 12 647, shows that its affairs are 
being conducted efficiently and in the knowledge that 
we enjoy a great heritage, which we must labour un- 
ceasingly to develop. It is satisfactory to find that 
the number of recruits who are entering the Student 
class is well maintained. It is of the greatest importance 
that these young men should receive every encourage- 


ment from the other members, and that they in turn . 


should realize the importance of preparing themselves 
for the great tasks which lie before them. 

Although the Institution is lavish in what it provides 
for its members—the Journal, the Library, opportuni- 
ties for social intercourse—to name only a few—its 
strength lies in the part it plays, through its members, 
in helping industry and in the public service. The policy 
of broadening its appeal to members through the medium 
of Local Centres, Sections and Committees, has been 
fruitful of the very best results; and whether it be for 
the advancement of electrical science and its applica- 
tions, or for administrative duties, the call to service 
invariably receives a ready response. 

This spirit of helpfulness also finds fitting expression 
in the assistance rendered to other bodies by the Institu- 
tion. Take, for example, the British Electrical and 
Allied Industries Research Association, in the success 


of which we may display a parental pride. The bene- 
ficial effect of organized and co-ordinated scientific 
and industrial research is more apparent than ever, and 
it is stimulating to mark the increased interest which 
is being shown on all sides in this work of fundamental 
importance. | 

In our onslaught on foreign markets, standardization 
is as important a weapon as research. Great progress 
in this direction has been made by the British Engineer- 
ing Standards Association, and here again the Institu- 
tion has played a large part. 

The. British Electrical Development Association is 
another of our healthy offsprings which is doing excellent 
work in its particular sphere. 

The other activities in which the Institution is con- 
cerned through its representatives make an imposing 
list, too long for me to specify here, though they are 
well known to all our members. 

On such a wise interpretation of its functions has the 
great authority and prestige of the Institution been 


built up. Let us all see to it that the good work 


continues. 

The choice of a subject for a presidential address 
widens even more rapidly than the scope of the Institu- 
tion extends, but recent developments in the realm 
of electricity supply have given me a clear lead as to 
what is expected of me to-night. 

I therefore propose to make a general survey of the 
factors affecting the development of electricity supply in 
Great Britain, and in particular to consider the possible 
outcome of the Electricity (Supply) Act of 1926. I 
shall first briefly review the outstanding legislative 
and administrative events that have taken place in this 
field since 1882, but shall devote the major portion of 
my address to the work which lies immediately before us. 

The first public supply of electricity in this country 
was given in 1881, when the power of the River Wey 
was used to light the streets of Godalming in Surrey. 
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The cables were laid in the gutters of the streets, because 
there was no power to lay them underground. Such 
powers were obviously essential before much could 
be done, and Parliamentary sanction was therefore 
sought by the promotion of private Bills. The conse- 
quence was Government intervention and the passing 
of the Electric Lighting Act of 1882. The provisions of 


this measure made the possession of the necessary 


powers by undertakers subject either to a seven years” 
licence, or to the operation of a clause which allowed 
the local authority to purchase the undertaking at 
the end of 21 years. The terms of purchase were the 
“* then-value ” of the undertaking, without any addition 
for compulsory purchase or goodwill. The result was, 
not only to shelve several Bills which had been promoted 
to obtain general powers of supply, but to cut off the 
flow of' applications for Provisional Orders. Thus, 
while in 1883, before the Act was properly understood, 
69 Provisional Orders were confirmed, in the following 
four years only one was granted. 

In spite of this false start a little progress was made 
with both public and private supplies. But the general 
position showed that an amendment of the measure 
was necessary and, after several attempts, a second 
Act—the Electric Lighting Act of 1888—was passed, 
which extended the tenure to 42 years. 

This Act gave:a new impetus to the establishment of 
electricity supply undertakings. In London there 
were, in fact, so many competing applications for 
Provisional Orders, that in the following year the Board 
of Trade decided to hold an Inquiry. This was presided 
over by Major (afterwards Sir Francis) Marindin and 
is an event in the history of electricity supply which 
has not received the attention it deserves. It was 
the first of the many attempts that have been made to 
settle the electricity supply of London on rational 
lines; and it can hardly be doubted that had it been 
successful its effect on the other populous areas of the 
country would have been profound. At this Inquiry 
the point round which the greatest controversy raged 
was whether it was better to adopt direct or alternating 
current for distribution. Comparatively little was 
said about the question of competition, or about the 
size of area. There was not a word about frequency 
or the desirability of having a uniform pressure at the 
consumers’ terminals. The suggested scheme of supply- 
ing a large area from Deptford was subjected to much 
criticism. It was argued that the supply should not 
be dependent on one station, that the great length of 
trunk mains increased the chances of breakdown, that 
the telegraph and telephone services would be inter- 


fered with, and that the whole thing was nothing more- 


than a gigantic experiment. Alternating-current dis- 
tribution generally found little favour. It was stated 
that a successful alternating-current motor could never 
be invented (one was, in fact, invented soon afterwards). 
It was also argued that to use alternating current would 


necessitate running the plant for the whole of the 24. 


hours. 
It will be noticed that all these are engineering objec- 


tions, and, to his lasting credit, Major Marindin would - 


have none ‘of them. He expressed himself as being 


.whole-heartedly in favour of encouraging any experi- 


‘ment that was likely to be for the public benefit; and | 


he equally emphatically upheld the proposal to supply 
large areas from one station. Nevertheless, competing 
powers were granted, where these were sought, pro- 
vided one system was alternating and the other direct 
current. 

Towards the end of last century, however, experi- 
ence began to show that Dr. Ferranti had been correct, 
though the general Ácts formed a bar to development 
on the lines suggested by him. In 1898, therefore, 
four Bills were promoted which contained proposals 
so far-reaching that a Select Committee of both Houses, 
presided over by Lord Cross, was appointed to report 
upon them. This body expressed itself in favour of 
the grant of the wider powers sought. These included 
the compulsory acquisition of land on which to erect 
generating stations, security of tenure, the right to 


| supply over large areas for bulk and power purposes, 


and facilities for laying mains through intervening 
territory. It was presumed that general legislation 
would be introduced to give effect to these recommenda- 
tions, but, in fact, nothing was done until 1909. Then, 
owing to the conflicting views of the parties concerned, 
the measure—the Electric Lighting Act, 1909—was so 
emasculated that much of the usefulness of the original 
Bill was destroyed. Prior to this, however, a number 
of Bills had been promoted by the undertakings which 
we have now come to know as power companies. Most 
of these were dealt with by a committee, of which 
Sir James Kitson was chairman. The outcome was 
the formulation of what are now known as the “‘ Kitson 
Clauses.” These govern the operations of the com- 
panies in the areas of the then existing authorized 
undertakers which were situated within the power 
companies’ boundaries, their main object being to 
limit competition by the power companies in the 
other authorized undertakers’ areas without the 
latter’s consent, which consent was not to be un- 
reasonably withheld. 

As usual, many variations in the shape of protective 
clauses were inserted in these special Acts. This is 
one of the evils of private Bill legislation—a procedure 
which, as far as electricity supply is concerned, has 
otherwise much to commend it—for though the clauses 
which .embody such restrictions are not theoretically 
precedents, they have that effect in practice. 

In 1905, another attempt, the first of a series, was 
made to solve the problem of electricity supply in 
London. In that year the Administrative County of 
London and District Electric Power Co. sought powers 
to supply over an area comprising the Administrative 
County and the surrounding districts. In this way 
it was hoped to give the metropolis cheaper electricity 
than the existing undertakings could provide, and to 
ensure large consumers the same advantages as were 
obtainable in the provincial power companies’ areas. 
Had this Bill been passed, as it nearly was, the history 
of electricity supply in London would have been very 
different from what it has been. 

Subsequent years were marked by a series of Com- 
mittees and abortive Bills, all of which enshrined the 
principle of one large and inclusive scheme for London. 
But tangible result there was none, except that the 
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London Electric Supply Acts of 1908 and 1910 trans- . 


- ferred the rights of purchase of the metropolitan com- 
pany undertakings from the local authorities to the 
London County Council. | 

The outbreak of the War and the subsequent in- 
creased demand for power exposed the weaknesses 
of our electricity supply policy. Evidence was not 


long forthcoming to show that the interconnection of © 


existing generating stations was well worth while 
and, at the instigation of the Board of Trade, Linking-up 
Committees, 


several districts to investigate what could be done in 


this direction by voluntary effort. There was some . 
practical result, but it was evident that something more | 
was necessary. In 1917, therefore, the Board of Trade . 
appointed the Electric Power Supply Committee, under 
the chairmanship of Sir Archibald Williamson (now : 


Lord Forres). The report of this Committee, whose 
recommendations mark the genesis of the re-organiza- 
tion on national lines upon which we are now engaged, 


included the important statement “' that the parochial ' 
system of generation and distribution should give place : 
to more economical methods involving wider areas of . 


distribution.” The unanimous conclusion of its members 
was that one central authority, to regulate the genera- 
tion and distribution of electricity, was required, and it 


was suggested that a body, to be known as the Electricity . 


Commissioners, should be appointed for this purpose. 


The country was also to be divided into districts, in ' 


1880 ` 1885 1890 1895 1900 1905 : 


Years 


consisting of representatives of the 
authorized undertakers concerned, were set up in 


end of 1924, 15 districts had been provisionally delimited 
and many re-organization schemes of varying nature 
and scope had been submitted for consideration. Pro- 
gress, however, was painfully slow, owing to the con- 
flicting interests concerned. The fact is, the industry 
as a whole did not take kindly to the Joint Electricity 
Authority idea. There was a want of faith in the ability 
of these bodies to solve the problem set them, and, 
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- Fic. 1.—Kilowatt-hours sold in Great Britain in each year of the period 1882-1926. 


each of which a Board was to be established. This 
Board was to acquire all the generating stations in 
that district and also to be responsible for their 
operation, | 

Soon after the War ended, these recommendations 
were embodied in a Bill, which the Government intro- 
duced in the Session of 1919: This measure was, 
however, considerably amended in its passage through 
Parliament. The provisions relating to the appointment 
of District Joint Boards and to the compulsory acquisi- 
tion of generating stations were struck out and new 
clauses providing for the setting up of Joint Electricity 
Authorities, with powers to acquire generating stations 
by agreement, were substituted. In this form the 
Bill became the Electricity (Supply) Act of 1919, which 
was later supplemented by the ‘Electricity (Supply) 
Act of 1922. 

The Electricity Commission was in active operation 
by the spring of 1920. The labours of this body are 
fully set out in those valuable documents—their Annual 
Reports—and it must suffice here to say that, up to the 


except in special circumstances: such as obtain in 
London, North Wales, the West Midlands and North- 
West Midlands, there was almost a complete lack of 
any enthusiasm and a great deal of antagonism. Ad- 
visory Boards have been useful, but, as their name 
implies, their scope is limited. 

Little was done, therefore, towards centralizing 
generation, and eventually a Committee, of which 
Lord Weir was the chairman, was appointed in 1925 
to report on tbe policy that should be adopted to 
ensure the most efficient and effective development 
of the supply of electrical energy. This Committee 
recommended the establishment of a system of main 
transmission lines, designated the “ grid-iron,’”’ for the 
purpose of interconnecting the principal generating 


- stations throughout the country in which the generation 


of all the supplies required by authorized undertakers 
was to be concentrated. It also recommended the 
setting up of a Central Electricity Board, which was 
to be responsible both for the erection of the “ grid ”’ 
and for the operation of the stations ‘‘selected’’ to 
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feed it. Further, it proposed that the frequency should 
be standardized throughout the country. These 
proposals, and most of the others made by this Com- 
mittee, were embodied in the Electricity (Supply) Act 
of 1926. 

That brings us to the present time and, in closing this 
part of my address, I cannot do better than call your 
attention to the curve (Fig. 1) which shows the quantity 
of electricity sold by authorized undertakers during the 
past 30 years. This clearly tells its own story and 
needs no further comment from me. 

Such a retrospect as I have put before you cannot 
in the nature of things be exhaustive. Nor do I desire 
that it should be. 
more concerned with what we are going to do in the 
future than in dwelling upon what has been effected in 
the past. 
ance in throwing light on the present position. It 
helps us, in this particular instance, to deal with the 
criticism that Great Britain is more backward than 
other countries in electrical development and to adjust 
our perspective before we examine the prospects for the 
future. 


It is axiomatic that electricity is the ideal agent for . 


lightening the tasks of mankind. Nor can it be denied 
that the unrest consequent upon post-war conditions 
can only be remediéd by increasing our production of 
commodities, and thus enabling higher real wages to 
be paid. This increased production is governed materi- 
ally by the amount of power which can be put at the 
disposal of the individual workman. The extent to 
which electricity is used for industrial Purposes is, 
therefore, of national importance. 

We have been arraigned time and again on the charge 
that our consumption of electricity per capita is too 
low. The indictment is that America, Scandinavia and 
Switzerland consume about 500 units per head of 
population per annum, while Great Britain consumes 
only 125 units. But the deduction drawn from this 
—that we have been unenterprising as compared with 
other countries—is less than just. It takes no account 
of the differences in the national and physical conditions 
of the respective countries, though these bear materially 
upon the situation. Accepting that the charge is 
partially proved, however, several very important 
questions arise :— 


(1) Wherein has lain our fault ? 

(2) Do we know the remedy and is it being applied ? 

(3) What are the elements making for success and 
_ will this be long deferred ? 


I am fully aware that I am advancing on to debatable 
ground; but now that the noise of strife has died down, 
it seems appropriate to take stock and to endeavour 
to see the problem in its true proportions. . 

In the early days of electricity supply, finance was 
the question which agitated the minds of most of those 
engaged in the industry. Those who are familiar with 
the initiation and growth of the power companies 
will remember how hard was the struggle to establish 
them and how difficult it was to secure capital for their 
development. That period has now happily passed. 
Most supply authorities are prosperous, and electrical 


For, after all, we ought to be much ' 


History is, however, of considerable assist- 


a. 


manufacturers, no longer having to face pre-war un- 
commercial prices and cut-throat competition, are in 
a very much stronger and healthier position than they 
were 13 years ago. 

If, however, we need no longer trouble about the 
finances of the electricity supply business, we have still 
to face the criticism that it is inefficient and that the 
output is not what it should be. Itis our duty to weigh 
the criticisms thus raised, so that we may profit from 
those that are sound, by amending our policy, and pro- 
ceed on our way untroubled by those which are exag- 
gerated or which arise from conditions over which we 
have no control. 

I do not want to suggest that we in this country are 
living in the best of all possible electrical worlds. On 
the other hand, any implication that the lack of energy 
or initiative in our electrical engineers is responsible 
for our assumed backwardness is unjustified. British 
engineers have been responsible for the steam turbine, 
metal-clad switchgear, paper-insulated cables and 
high-pressure boilers, and share with America the 
honour of producing the first incandescent lamp. These 
have all been factors of supreme importance in the 
production and use of electricity. 

It will be generally agreed that one of our national 
characteristics is an instinct for orderly government, 
combined with personal independence and inveterate 
resentment of bureaucratic interference in ordinary 
business. This spirit of independence, which is so 
well expressed in the apophthegm ‘‘an Englishman’s 
home is his castle,’’ has its reflection in the desire of 
every engineer and local authority to possess a power 
station of their own, a desire which has been stimulated 
by the abundance of coal throughout the country. 
The fact that we are favoured with clean and efficient 
municipal government has also made more natural 
the local control of electrical generation. Unfortunately, 
after a certain stage of development is reached, this 
policy cuts clean across the fundamental principle of 
efficient production. It is well established that 
electricity can be produced more cheaply in large quan- 
tities than in small. This applies both to operating 
expenses and to capital charges, if—but, frequently, 
only if—a long view be taken. It is often difficult 
to prove by figures that a bulk supply of electricity 
will be cheaper than local generation, unless the situa- 
tion is considered over an extended period of years and 
unless the problem is examined not only from the local, 
but also from the national, point of view. 

The corollary is that generation should be carried 
on in large well-placed interconnected stations, thus 
permitting full advantage to be taken of large units 
of plant, on the score of both low capital costs and low 
operating costs, and, what is of even greater importance, 
enabling the opening up by authorized undertakers for 
electrical development of the territory through which 
the lines interconnecting these stations pass. 

It is the fashion to attribute all our electrical ills 
to ‘‘ restrictive legislation,” but the baleful effects of 
the earlier Acts have been greatly minimized in one 
way or another. In saying this, I am not posing as 
an advocate of limitation of tenure, nor do I fail to 
realize that there are in the general Acts other pro- 
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visions which have obstructed development. After 
making all due allowances for these, however, and 
noting that prosperity has generally been attained 
throughout an industry which is a public service open 
to both private and municipal enterprise, I am forced 
to the conclusion that legislation is not the primary 
cause, either of the inception or of the continuance 
of generating electricity piecemeal. The fact is, that 
rivalry between the large undertakings and an over- 
zealous display of local patriotism by the smaller 
municipal undertakings are the real reasons for our 
persistence in out-of-date methods of production. We 
must, therefore, accept responsibility in so far as the 
consumption per capita has been adversely affected in 
the past by there being too many generating stations, 
most of them small and inefficient. 

I have mentioned our great national asset—coal—as 
being an important factor in the policy of generation we 
have pursued hitherto. As is well known, we are blessed 
with widely scattered coalfields and an extensive coast- 
line, which facilitates cheap conveyance. It is not 
too much to say that this combination has dominated 
the whole situation which we are now discussing. 

Approximately 180 million tons of coal are used 
annually in Great Britain. These are distributed as 
follows :— 


Millions 
Per cent of tons 
Electricity 44 .. . 8 
Gas .. 93 17-02 
Domestic. . .. 18°8 34:17 
Railways .. 8 14-42 
Coast bunkers 1 1-87 
Coal mines 9 16-28 
Pig iron 8 Di .. 14-42 
Steel - 98B .. .. 17:89 
General manufac- 
tures 27°7 50-46 
Miners’ coal 4 7-2 
100 181-73 


To get at the correct figure for electricity as a whole 
we must include private plants. If, for this purpose, 
we transfer 3-6 per cent from the other subdivisions, we 
make electricity's proportion 8 per cent. These 
figures are encouraging. They indicate that we have 
an extensive field to conquer and that, even when we 
reach a consumption of 500 units per capita, the coal 
consumed in our generating stations will not exceed 
12 per cent of the whole, owing to the higher efficiency 
of production which will be possible by that time. 

Electricity is undoubtedly the most convenient 
agency for the transmission of power, heat and light. 
But there are a variety of others, from the coal cart 
upwards ; and these all affect, in greater or less degree, 
the extent to which electricity is used in this country. 

Take, for instance, gas. There is no country in the 
world in which the gas industry is so fully developed 
asitisin Great Britain. There are 8 700 000 consumers 
(with 6 million gas cookers on hire) and the claim is made 
that gas is available and used by about 95. per cent 
of the population. The fact that it accounts for 9 per 


cent of the total coal used supports this claim and is a 
proof that it plays a considerable part in the scheme of 
things. This is sometimes forgotten by our critics. 

Again, factories were established much earlier in 
Great Britain than elsewhere and, with cheap coal 
available, their power requirements were so well met 
that, by the time electricity became a competitor, 
the case for changing over was in many instances so 
poor that the additional capital expenditure on new 
equipment could not be justified. Still, the old steam 
plant, which in textile mills was invariably of the Corliss 
valve type and therefore efficient, has now in large 
measure run its course and the electric drive is super- 
seding it wholesale. The turn of the tide is, in fact, 
so definite that a long-established firm of Corliss engine 
makers have recently decided to go out of the business, 
although they possess ample funds with which to 
carry on. 

I think it is generally agreed, by those who have 
investigated the position, that there are many reasons 
why electricity consumption, both in America and in 
countries possessing ample water-power resources, 
should be greater than with us. America’s industrial 
organization was hardly affected by the War; her 
income per head of population is about twice as great 
as ours; the speeding up of the industrial machine is 
welcomed in a way which is not the case here; the 
scarcity of domestic labour (now, alas, becoming pain- 
fully evident nearer home) has caused the multiplica- 
tion of labour-saving devices; her population has grown 
rapidly and many new houses have consequently been 
built; and electric traction has spread. These factors 
have all combined to accelerate the growth of the output 
of electricity, in spite of the fact that the price is not 
less than that charged in this country. In the cases 
of Scandinavia, Italy, Switzerland and France, hydro- 
electric power has taken the place of coal, because the 
latter has to be imported at high prices and, the gas 
industry not being extensively developed, electricity 
has therefore advantages which far exceed those of 
any other power or lighting agent. Extra-high-tension 
overhead transmission lines are a necessary part of 
such systems, and public opinion has expressed itself 
very effectively in the direction of removing many of 
the disabilities which militate against their use in Great 
Britain. 

A comparison with foreign countries is useful and 
periodically necessary, but our own problem, as has 
been shown, has its own special characteristics. To say 
that because one country consumes five times as much 
electricity per capita as another its workers have five 
times as much power at their disposal, requires quali- 
fication. In fact, after allowance has been made for 
the water power utilized, the coal and oil consumptions 
per capita constitute a more reliable method of estimating 
the amount of power available than does the electrical 
consumption. 

Knowing the spirit of enterprise and emulation which 
exists in the supply industry as it is constituted to-day, 
I am, therefore, in no way depressed or disturbed by 
these comparisons. Centralization of generation has, 
it is true, been somewhat delayed. Nevertheless, there 
has been nothing akin to stagnation in the production of 
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electricity, as is shown by the fact that the output during 
the last five years has increased by 54 per cent, and 
although the 1919 Act has not brought the “ rare 
and refreshing fruit” that was promised, a great deal 
has been learnt and, I confidently assert, digested. 
There is no infallible remedy for the present state of 
things, but it is essential that our methods of generation 
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Fic, 2.—Double-circuit tower for 132-kV transmission line. 


should be altered and, to enable us to effect this altera- 
tion, a system.of e.h.t. lines interconnecting the various 
stations must be established. 

Itis only fair to state that concentration of generating 
plant into a relatively small number of large generating 
stations was already being carried out in the areas of 
the power companies and the larger municipalities, but 
it could not be achieved throughout the whole country, 
owing to vested interests and lack of confidence in the 
methods incorporated in the 1919 Act. There remained 


no alternative but to establish a mew organization ; 
hence the 1926 Act, the Central Electricity Board, and 
the “ grid.” 

As regards finance, the provisions of this latter Act 
allow money to be borrowed cheaply on the guarantee 
of the Government, and the interest on it to be capi- 
talized over a short period of years. The engineering 
work of designing and constructing the lines and the 
substations, which they will connect together, presents 
no great difficulty. In fact, during the few months 
that the Board has been in existence a great deal has 
been done in this direction, as I will now show. 
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Fic. 3.—Single-circuit tower for 132-kV transmission line. 


The models on the table indicate the type of tower 
that will be used. They are approximately 80 ft. high 
and 16 ft. square at the base. Fig. 2 shows a double- 
circuit tower, and Fig. 3 that for a single circuit. I 
should add that every attention has been given to the 
question of the general appearance of the lines and their 
effect upon the landscape, while the form of the towers 
was finally settled in consultation with Sir Reginald 
Blomfield, R.A. Each three-phase line will have a 
carrying capacity of 50000 kVA at 132000 volts 
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between phases. The conductors will be spaced 12 ft. | 


apart vertically and will, for the Central Scottish 
scheme, be of steel-cored aluminium with a diameter of 
0-77 in., equivalent to copper of 0-175 sq. in. section. 
The size of the transformers varies from 10000 to 
75 000 kVA, with voltage ratios to suit the requirements 
of the authorized undertakers. | 

Thanks to the Electricity Commissioners, I am privi- 
leged to exhibit a map of the country with the “‘ grid ”” 
depicted thereon (see Fig. 4). This, of course, only 
shows the approximate routes, which may be consider- 


ably modified when the regional schemes are worked - 


out in detail. It does not show the extensive secondary 
lines which will serve the remoter distribution areas. 


As is well known, one such scheme—that for Central ' 


Scotland—has already been adopted by the Board, 


and the work of constructing the section of the “ grid °” 


in that area is in hand. Another scheme—that for 
South-East England—has been prepared by the Elec- 
tricity Commissioners and is now receiving the attention 
of the Board and the interested parties. 

May I here be allowed a short parenthesis on the subject 
of frequency standardization. The advantages and 
disadvantages of this policy have been much canvassed, 
but the just conclusion is that, if we are to reap the full 
benefits of the new programme envisaged, such a change 
will have to be made where it is considered essential 
for the good of the schemes. Since the output of the 
non-standard areas affected is one-fourth of that of 
the whole country, this alteration will lay a heavy 
responsibility on the undertakers immediately concerned. 
Given careful organization, however, consumers will 
be put to a minimum of inconvenience and in the long 
run will reap substantial benefits. I may say that the 
preliminary stages of this difficult work in the West of 
Scotland are well advanced, and, as there is no technical 
_ obstacle, it should soon be possible to record good 

progress. | 

The cost of this change, as is well known, will be 


spread over the whole of the' undertakings, standard 


and non-standard alike. There is a difference of 
opinion as to the amount of capital expenditure neces- 
sary, but if the work is completed in 1932-33, the 
incidence of the expenditure on the cost per unit sold 
should not exceed 0-02d., and this will diminish each 
year as the output increases, until the expenditure is 
amortized. l 

Returning to my main subject, it would not be 
sufficient merely to construct the “ grid” and leave 
the rest to chance. The selected stations, which will 
be thus interconnected, will not belong to the Board, 
though the owners must operate them in the manner 
which the Board considers will produce the best overall 
results. Incidentally, this will bring in its train a 
number of technical complications, such as are inherent 
in a large system of this kind. These will call for special 
treatment and the provision in advance of the equip- 
ment necessary for dealing with them. On the financial 
side the Board is responsible for the capital charges and 
operating costs of the selected stations, and eventually 
the whole of the electricity generated in the country 
by public utility undertakings may be produced on its 
account. The’ Board will thus become wholesale 


extensive use of overhead lines. 


suppliers to the authorized undertakers, either directly 
or indirectly, and the prices charged by it will be as 
low as the most efficient method of large-scale pro- 
duction—using the expression in its broadest sense— 
can make them. All this cannot, of course, be effected 
by waving a magic wand. There are several thousand 
miles of transmission lines and scores of substations 
to be constructed. This task must be tackled in stages, 
and it will take some eight years to complete. The 
important point, however, is that by adopting this 
policy we have now ranged ourselves alongside other 
nations, have stopped talking and are getting on with 
the job. 

Our aim, then, may be stated to be the acceleration of 
the growth of output. It is, therefore, essential that 
steps should at once be taken to deal with the expansion 
wherever it may occur, and whenever it may come, 
without halting in our stride. These steps have, in 
fact, been taken, but, lest there may be any misunder- 
standing, I must add that they will have.a greater bear- . 
ing on the future than on the immediate present. The 
benefits which will arise from the erection of the “ grid” 
will also be less pronounced in those areas where the 
power companies and large municipalities have already 
established modern stations and regional transmission on 
a comprehensive scale, than they will be elsewhere. 

As is obvious, the extent to which reduced production 
costs will be reflected in the price of the energy sold by 
authorized undertakers will be governed to a large 
extent by the distribution costs of the latter. The 
proportion of the retail selling price per unit that must 
be debited to distribution varies from 20 per cent to 
75 per cent, depending on the load factor and on the 
size of the consumer, the average being about 33 per 
cent. The need for reducing this proportion is fully 
recognized, but the way in which it can best be done is 
not so easy to discover. Distribution costs are made up 
mainly of capital charges. The best line of attack is, 
therefore, to reduce the capital expenditure per service 
and to spread the capital charges over a larger electricity 
consumption. The first desideratum can be assisted 
by the adoption of standard voltages and, wherever 
possible, by using the three-phase four-wire system 


-of distribution, combined with a slightly reduced 


standard of continuity of service where conditions 
warrant it, greater ingenuity in design, and the more 
The establishment 
of larger distribution areas would assist in the same 
direction. As regards continuity of service, though 
we may justly be proud of the fact that our standard 
of excellence in this respect is unequalled throughout - 
the world, to secure 99-9 per cent of continuity involves 
much greater capital expenditure than does, say, 99 per 
cent. While, therefore, in the business and shopping 
centres of large towns nothing but the best is good 
enough, this policy need not be universally adopted, 
such luxuries as duplicate transformers, switchgear and 
cable not being necessary everywhere. For the same 
reason, the cost of transmission lines in rural districts 
must be reduced, and, to enable this to be done, a 
modification of the existing regulations governing the 
erection of overhead lines would be beneficial. The other 
way to decrease the cost of distribution per unit-is to 
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improve the load factor, and this is by far the more 
important of the two. There will always be a fair 
proportion of purely lighting consumers, but the in- 
tensive cultivation of the domestic field which is going.on 
in a large number of areas with the help of the British 
Electrical Development Association, suitable tariffs 


and hire-purchase systems, is producing excellent | 


results and is showing the harvest which is derivable 


from its more widespread adoption. Our commercial ' 


methods on the distribution side, in fact, require ex- 
pansion. The hire-purchase or credit system is widely 
applied in the United States to all kinds of commodities. 
It is, perhaps, unlikely to develop here to the same 
extent. Nevertheless, the fact that our gas undertakings 
have over 6 million cookers on hire makes me feel that 
such methods might, withadvantage, be more extensively 
followed by our electricity supply authorities, so far 
as domestic appliances are concerned. The 1926 Act 
permits progress to be made in this direction. 
So much for distribution. 


Reverting to the “grid.” As the water power 


: available in the British Isles is relatively small, the 
great bulk of our electricity must always be derived 
from coal. Between the Grampian Hills and the English 


Channel no part of the country is more than 100 miles 


away from the nearest coalfield, and very little of it 
- is more than 50 miles distant. 

- Our extensive coastline is a factor of supreme im- 
portance, as, owing to the cheapness of water transport 


and the fact that dock dues and terminal charges ` 


- constitute a substantial portion of the-cost of convey- 


ing coal from the mine to the generating station, coal | 


- can be bought as cheaply on the lower reaches of the 
- Thames as on the Tees. 

The price of coal in individual coalfields throughout 
the country varies from year to year as compared with 
the yearly average, the variation depending on local 
trade and the demand elsewhere for different classes 
of coal. It is estimated, however, that over a series 
. Of years the price of the class of coal used in properly- 
sited power stations will not vary by much more than 
` 10 per cent between one station and another. 

This being so, the main function of the “ grid ” will 
not be to transmit large blocks of power continuously 
over any great distance in one direction. In a country 
- whose natural characteristics are those of Great Britain, 
there is no necessity for long-distance transmission, in 
the sense that this term is understood in countries with 
large water powers Or extensive brown-coal deposits. 

The value of the “ grid ” lies rather in the following 
directions :— 


(a) It will constitute, with the selected stations, a 
complete system for the production and trans- 
mission of electricity on a wholesale scale and 
thus enable full advantage to be obtained from 
the diversity of loads, from the correct appor- 
tionment of the total load between stations of 
varying efficiency, and from the elimination 
of obsolete and unsuitable plant. 

(b) It will enable the capital cost per kilowatt in- 
stalled in the selected stations to be kept down, 
owing to it being possible to use the largest 


and most efficient plant. This can be done 
because the stations will form part of a really 
widespread system. 

(c) It will be possible for these stations to be cor- 
rectly located away from the centres of popula- 
tion, thus reducing the railway congestion caused 
by the carriage of coal to them and ensuring all 
the other advantages which accumpany freedom 
in the choice of site. 

(d) It will enable individual stations to be employed 
of larger output than would otherwise be 
possible ; and extensions to be co-ordinated in 
accordance with a plan, which will both avoid 
premature expansion and at all times closely 
relate the plant capacity to the actual load. 

(e) It will allow the aggregate amount of spare plant 
to be considerably reduced. | 

(f) It will enable ‘‘ blocks ” of waste heat or energy 
from blast furnaces, coke ovens and other 
sources to be transformed into electricity and 
thus usefully employed. 

(g) It will level up (without levelling down) the 
efficiency of generation throughout the country. 

(h) It will permit our water-power resources to be 
tapped, and thus supplement the energy from 
coal in a more complete and less costly manner 
than -would otherwise be possible. These 
water powers are mainly located in Scotland 
and Wales and, though relatively small, are 
substantially greater than the figures given 
in any official estimates that have hitherto been 
published indicate. Moreover, they differ from 
nearly all other water powers in the northern 
hemisphere, in that the maximum flow does 
not depend on the melting of the snow in 
spring, but occurs in winter, when the electrica) 
requirements of the country are a maximum. 
It has hitherto been considered necessary to 
spend large sums on the civil engineering work 
connected with hydro-electric schemes, in order 
to provide adequate storage and thus to com- 
pensate for the shortage of water during the dry 
season of the year. In spite of this, consider- 
able quantities of water inevitably run to waste 
over the spillways during the winter months. 
The interconnection of favourably placed hydro- 
electric stations with the selected steam stations 
by means of the “grid” will prevent this 
uneconomical arrangement, and will, at the 
same time, permit water power to be developed 
with only a moderate expenditure on storage 
facilities. The capital expenditure necessary 
for purchasing the additional generating plant 
to utilize this surplus water power is small in 
comparison with that of steam plant and boilers 
of similar output. We may therefore, before 
long, see hydro-electric stations in close prox- 
imity to the “grid” taking a fair share of 
the winter peaks, with advantageous effect 
on the load factor of the steam stations. This 
is a reversal of the operating conditions which 
usually obtain when hydro-electric and steam 
stations are run in parallel. 
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(2) It will facilitate alla seciincation by ee. 
the capital cost of the necessary transmission 
lines, as the ‘‘ bars ” of the “‘ grid ” will follow 
the railway routes to a considerable extent. 

(7) It will reduce the cost of secondary or regional 
transmission by increasing the number of 
points at which the supply can be taken; and, 
for the same reason, it will encourage the 
opening up of new areas of supply in rural and 
agricultural districts. 

(k) The Chancellor of the Exchequer in his last 
Budget speech said that there was some indica- 
tion that the centre of gravity of industry was 
moving south. The “‘grid’’ will facilitate 
the development of industry in any part of the 
country which is otherwise suitable. 


So much for what the “‘ grid ” may be expected to do. 

On the other hand, there are a number of things 
which it will not do and, considering the extraordinary 
predictions that have been made, it is as well that these 
should be clearly stated :— 


(1) It will not, as such, appreciably improve the 
efficiency of generation in the areas of certain 
of the electrical power companies and larger 
municipalities. 


(2) It will not reduce the price of electricity for 


lighting in our big cities. For that matter 
no possible improvement in production methods 
could do much in that direction, since the 
charges on the capital expended in giving 
the service are the preponderating factor 
which controls the price of low load-factor 
supplies such as lighting. These are naturally 
high in towns, owing, among other reasons, to 
- the high cost of the distribution system as 


a consequence of the expense involved in 

breaking up and reinstating modern streets. 
(3) It will not create a new electrical heaven, or 

“* give ninepence for fourpence.”' 


The “ grid ” will, however, go a long way towards 
ensuring the universal availability of electric power 
throughout the country. The advantages of that in- 
creased availability, as well as the other prospective 
benefits of the new policy which have been enumerated, 
cannot, however, be completely expressed in figures, 


any more than can the value to the community of its 


roads, harbours and navigable waterways. The Man- 
chester Ship Canal, for instance, must have on Lancashire 
trade a beneficial effect far in excess of any dividend 
that it earns, yet that benefit cannot be set down in 
black and white. So, too, with the “ grid,” which will 
bring the cost of production in the majority of supply 
undertakings down to the figure which has been attained 
by the few in whose areas electricity is already cheap 
and abundant. Moreover, by releasing many engineers 
from the responsibility of generating electricity, it will 
enable them to concentrate on the distribution and 
sales side of the business, thus increasing consumption 
and again favourably affecting the price. Although it 
will take some eight years to complete, the result of its 
establishment in some districts should be noticeable 
within two to three years. 

The one thing which is essential to ensure success in 
this direction is co-operation, and that co-operation 
must be founded on confidence between all the parties 
concerned. To enable this co-operation to be brought 
about, there must be a minimum of interference 
with the work of authorized undertakers, a maxi- 
mum absence of formality, and a sound, sane business 
policy. 
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WIRELESS SECTION: CHAIRMAN'S ADDRESS 


By Lieut.-Colonel A. G. LEE, O.B.E., M.C., B.Sc., Member. 


(Address delivered before the WIRELESS SECTION, 2nd November, 1927.) 


It is with great pleasure that I take this opportunity 
of thanking the members of the Wireless Section for 
the honour they have done me, in choosing me as their 
chairman for this session. We are not quite old enough 
in the Wireless Section to have a tradition, although 
this will doubtless come in time, but in any case I shall 
do my best to uphold the worthy examples set by my 
predecessors. 

When the Wireless Section commenced its activities 
in 1920, a large supply of papers was available, repre- 
senting the fruits of war-time research, which had for 
various reasons not been published. Although the 
wireless industry has increased since the war by leaps 
and bounds, there is a considerable lag between research 
and the publication of results. This lag was felt to 
some extent during the last session, when the supply of 
papers ready in time for particular meetings caused the 
Committee some anxiety, but I am glad to be able to 
report that we have a fair supply of papers promised 
for the ensuing session. 

It is somewhat surprising, in view of the popularity 
of broadcasting and the magnitude and complexity of 
broadcasting interests, that the number of papers on 
this aspect of wireless is relatively so small. The in- 
formal meetings which were held last session to discuss 
some phases of broadcast work were very well attended 
and proved highly successful. It is hoped that in this 
case also the lag between research and publication of 
results will soon be passed and that a plentiful supply 
of papers will be forthcoming. 

The most important events in wireless from a technical 
point of view in this country during.the past year were 
the successful inauguration of beam short-wave working 
between this country and Canada, Australia, South 
Africa and India, and the introduction of commercial 
telephone working between Great Britain and the 
United States via the wireless station at Rugby and 
that at Long Island, U.S.A. Both these events have 
already been described in some detail in the technical 
Press. I have therefore decided to confine this address 
to one question rather than to attempt a review of the 
general position of wireless. 

This question is one which is of interest in all wireless 
communications, namely, the defence against ‘‘ atmo- 
spherics.’” The subject is a very wide one and I have 
preferred to confine myself, so far as the practical 
aspects are concerned, to one particular problem upon 
which we have been engaged, that of transatlantic 
telephony, and to draw upon that problem for practical 
‘llustrations. 


Section 1. 


NATURE OF ATMOSPHERICS. 


Our information on the nature of atmospherics is 


obtained from a series of valuable reports by Appleton, 


Watson Watt, and Herd.* These investigators, using 
the cathode-ray oscillograph, were able to obtain 
pictures of the potential induced by atmospherics in an 
antenna. Generalizing from their reports, one may say 
that an atmospheric is either of aperiodic or quasi- 
periodic form, it has a peak voltage of the order of 
0-1 volt per metre, and has a duration of the order of 
0-003 sec. Considerable variations from these figures 
occur and, in particular, atmospherics were observed 
which had a fine ripple structure superposed upon the 
main wave-form. It is understood that the wave-form 
is being submitted to further analysis in order to ascer- 
tain, amongst other things, what effect the ripple 
structure has upon wireless receivers. Pending the 
result of this investigation, it may suffice if we take the 
atmospheric to be represented by an aperiodic or quasi- 
periodic voltage of an order of strength very considerably 
higher than any ordinary commercial wireless signal. 
We shall return to the question of ripples when dis- 
cussing the spectrum of atmospherics. 


DISTRIBUTION OF ATMOSPHERICS IN AZIMUTH. 


The cathode-ray oscillograph, used as a direction 
finder, has in this case also proved of value in research 
on atmospherics. Watson Watt and Herd ij have been 
engaged for some time in recording the apparent direc- 
tion of atmospherics in this country. It is fairly 
obvious that information on this point is of value when 
planning a system of directive reception, as the 
knowledge of the direction of arrival of streams of 
atmospherics at various times of the day may serve 
to determine the respective merits of different 
directional systems. 

The cathode-ray direction finder, kindly lent by the 
Radio Research Board, has been used at Cupar, Fife, 
to determine the direction of arrival of atmospherics at 
that place. The apparatus consists of two frame aerials 
set at right angles and connected through similar 
amplifiers to the four plates of the cathode-ray oscillo- 
graph. The beam of light in the oscillograph acts like 
a pointer to indicate the magnitude and direction of the 

* Proceedings a er oe Society, A, 1923, vol. 108, p. 84; also 1926, 


vol, 111, pp. 615 an 
t Journal LE.E., 1938, vol, 64, pp. 596 and 611. 
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fields set up by an individual atmospheric. An observer 
notes the angle and the magnitude of the flash caused 
by an atmospheric, and calls out the figures to an 
assistant who writes them down. Samples of the results 
of some observations of this kind at Cupar are shown 
in Fig. 1. The instrument used gave an ambiguity of 
180% in the direction of arrival of atmospherics, but 
this caused no real difficulty because the approximate 
direction was known by the behaviour of the directive 
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DISTRIBUTION OF ATMOSPHERICS WITH LATITUDE. 


Measurements of the strength of atmospherics, carried 
out in connection with the preliminary work on trans- 
atlantic telephony, were made at Stranraer, Cupar, 
Ellon and Thurso, in addition to those normally made 
each week at Wroughton in the south of England. 
These measurements showed that the atmospherics were 
generally weaker in Scotland than in the south of 
England. In addition the Scottish locations are slightly 
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Fic. 1.—Distribution of atmospherics at Cupar during months of July, August and September, 1927. 


receiving arrangements normally in use at the station 
at Cupar. The crosses in the diagram indicate com- 
paratively light atmospherics, while the circles indicate 
heavy atmospherics. The diagram is a composite target 
diagram of all the observations made during the months 
of July, August and September 1927. There is no 
evidence of the daily cum-solar swing of atmospherics 
noted by Watson Watt, but the effects are probably 
complicated by the presence of thunderstorms on the 
Continent, which are more prevalent during the summer 
season than during the winter. 

It is convenient to refer the direction of arrival of 
atmospherics to the direction of the signal, with its 
directive receiving arrangements, in lieu of the more 
general use of the geographical direction. In this par- 
ticular case the signal to be received arrives from a 
direction 11° north of west, and the direction of arrival 
of atmospherics is given with reference to this direction 
as a base line. The angle between 140° and 260° is 
found to be the subject of attack from atmo- 
spherics at different times during the working period 
of the circuit, which is open for traffic from midday 
to 11 p.m., whilst the angle between 310° and 130° 
which includes the signal is relatively very free from 
atmospherics. The worst directions are between 
170° and 230°. 


TABLE 1. 


Comparison of Reception of Transatlantic Telephony at 
Cupar and at Wroughion (1927 data). 


rovement 
Cupar Wroughton at f Cupar over 
Wroughton 
A pril— | Ratio 
Field, V/m 10-5 6-4 1-64 
Signal/noise ratio.. | 164-0 49-0 3:4 
May— 
Field, pV/m as 15-9 10-2 1-55 
Signal/noise ratio.. 64-0 29-4 2-2 
June— | 
Field, V/m es 5:6 3:6 1-55 | 
Signal/noise ratio.. 35-6 8-7 4-1 
July— 
Field, pV/m 8:13 6-1 1-33 
Signal/noise ratio.. 35:0 13-0 2°7 


nearer to America and the signal strength obtained there 
was greater than that at Wroughton, so that the 
signal/noise ratio at Cupar, near Dundee, is three 
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times better than that obtained at Wroughton, whilst 
at Thurso in the extreme north of Scotland it is nearly 
8 times better. It was finally decided to locate the 
receiving station at Cupar on account of its proximity 
to the Post Office cable system, and a comparison of the 
reception of signals at Cupar and at Wroughton in 1927 
is given in Table 1. 

The cause of this effect of reduction of atmospherics 


in the higher latitudes is probably the increase of 


distance from the principal sources of atmospherics, 
which are known to be more numerous as one approaches 
the tropics from the polar regions. 

The figures in Table 1 were obtained by taking a 
mean of signal and noise over 12 hours of the aver- 
age day for each month. The strength of signal 
was measured on a frame aerial and the figures for 
signal/noise ratio refer to measurements on the wave 
antenna system. 


EFFECT OF RAINSTORMS. 

When the strength of the incoming signal is only a 
few microvolts per metre, as it frequently is on the 
transatlantic telephony service, sometimes dropping to 
0-5 microvolt per metre, considerable amplification has 
to be employed in the receiver. In these circumstances 
the occurrence of electrically charged rain causes dis- 
turbance on the antenna systems, which manifests itself 
as a hissing sound, this being at times sufficiently 
strong to put the service out of action. It is not every 
rainstorm which has this particular electrical property, 
and it is only the combination of electrically charged 
rain and a weak signal which causes difficulty. A 
scheme is now under consideration for the use of large 
frame aerials, spaced apart to give directional properties, 
and it is hoped that these will remove this source of 
trouble when it occurs. 


THE SPECTRUM OF ATMOSPHERICS. 
Lord Rayleigh showed many years ago that an 


aperiodic pulse can be represented by the Fourier 


integral of an infinite spectrum of continuous sinusoidal 
components. If we assume that the atmospheric is 


wholly represented by an aperiodic or quasi-periodic | 
disturbance, then it follows that the effect of an atmo- ` 
spheric:on a wireless circuit is such that if the latter is ` 


designed to admit a signal with just sufficient of its 
side bands due to modulation to render it intelligible, 


the circuit will also admit the sinusoidal com- | 


ponents of the atmospheric pulse which lie within the 
resonance curve of the apparatus, and it is impossible 
to exclude them by processes dependent upon selectivity. 
This theory therefore removes from the discussion the 


numerous atmospheric eliminators which have been / 
patented in the past, and enables one to concentrate . 
on the design of a straightforward filter circuit which : 


will allow of the reception of the signal with a minimum 
exposure to atmospheric attack. 


This general idea of the effect of atmospherics on — 
wireless circuits has been investigated by Carson,* 


Koertz ł and other writers. A point for consideration, 


* Carson: “Selective Circuits and Static Interference,” Bell System Technical 
Journal, 1925, vol. 4, p. 265. 

noe : “ Atmosphárische Storungen in der drahtlosen Nachrichten Uber 
mittlung.” ; 


however, is whether the ripples on the main wave-form 
will affect the theory in any way. Practical experience 
of telephonic and telegraphic wireless receivers shows 
that the theory is perfectly sound and that the only 
effect of the presence of ripples would be to alter the 
magnitude of the atmospherics observed on a particular 
wave-band used. So far, however, all the evidence which 
has been collected on the magnitude of the atmo- 
spheric effects shows that the change of the spectrum 
with frequency is smooth and that no marked dis- 
turbances at particular frequencies have been found. 
It is desirable, however, to await the application of 
more refined means of analysing the spectrum of atmo- 
spherics before coming to fixed conclusions on this 
point. Other evidence which has been collected by 
Espenschied, Anderson and Bailey * indicates that the 
spectrum changes at different times of the day, but a 
fairly obvious explanation of this lies in the differing 
attenuation for various frequencies in propagation from 
distant sources, so that at night time, for example, a 
greater proportion of the higher frequencies would be 
expected to arrive from long distances, while in the 
daytime only the lower frequencies would arrive from 
long-distance sources. 

Before commencing the transatlantic telephony 
service a large series of measurements was made, extend- 
ing over several years, of the strength of signals and 
atmospherics at different times of the day. The 
atmospherics were measured on a receiver with a band 
width of 2 500 cycles, so that, in effect, a measurement 
was made of the attack of the spectrum on a receiver 
with the band width necessary for telephonic com- 
munication. The measurements were made at different 
frequencies and, as a result, it was concluded that the 
optimum wave-length for transatlantic communication 
of this particular kind lay between 5000 and 6000 
metres, having regard to the ratio of signal strength to 
atmospherics at different times of the day. The problem 
is to some extent a commercial one as well as technical, 
as it involves the production of the best circuit condi- 
tions for the time of day when the commercial use is 
greatest. 


Section 2. 


THE RECEIVER PROBLEM. 


It has been pointed out in the previous Section that 
a receiver should be designed to admit only just suffi- 
cient of the signal and its modulation products to ensure 
intelligibility, and it will then possess its maximum 
defence against atmospherics. Any process depending 
upon selectivity which still further reduces atmospherics 
will also reduce the intelligibility. | 

In the problem under discussion—the reception of 
transatlantic telephony—the signal consists of a single 
side band, the carrier (58-5 kilocycles) and the other side 
band not being transmitted. The side band is also 
subjected to a certain amount of filtering before trans- 
mission from the sending antenna, and we are left to 
deal with high frequencies corresponding, after detection, 
to frequencies in the voice range extending from 400 to 


* Bell System Technical Journal, 1925, vol. 4, p. 459. 
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2 800 cycles. - 1t has been found that the frequencies 
below 400 and above 2 800 are not essential to intelligi- 
bility, though they add to the naturalness of the speech. 
The frequencies below 400 demand a relatively much 
larger amount of energy than those above 400, and 
hence their omission allows of the power available being 
used for the frequencies which carry the intelligibility, 
without making so much demand on power. Further, 
cutting off the edges of the band in this manner 
reduces the exposure to atmospherics at the receiving 
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filter for insertion before the first amplifying valve. 
Although the valve has a so-called straight characteristic, 
it will perform the function of modulation if the largest 
of the unwanted signals and atmospheric components 
are not removed before passing into the amplifying 
system. 

This filter consists of a low-pass and a high-pass 
filter in tandem, giving the equivalent of a band-pass 
filter. The circuit conditions of the low-pass filter are 
given im Fig. 2 and that of the high-pass in Fig. 3, 
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Fic. 2.—High-frequency low-pass filter. 


end. The suppression of the carrier and one side band 
also saves a large amount of energy and at the same 
time reduces the exposure to atmospherics. It is 
necessary, however, to reintroduce the carrier at the 
receiving end before the detector in order to render the 
single side band intelligible.* 

The receiver to be described is one which was designed 
by the Post Office. It is of the single detection type 
and in that respect differs from the American receiver 
which employs the double detection principle. 
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whilst Fig. 4 shows the results obtained by the filter. 
This system was chosen because the values of the com- 
ponents for the normal type of band-pass filter for a 
width of 3000 cycles and ata mid-band frequency of 
60 kilocycles were awkward to obtain and maintain. 
The coils were made of stranded wire wound into pan- 
cake form’ and each shielded in a copper box. The 
inductance of each coil was measured at 60 kilocycles 
and adjusted by unwinding turns. The final adjustment 
of the condensers was performed by removing plates 
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Fic. 3.—High-frequéncy high-pass filter. 


is no essential difference in the results, but as the 
receiver is one in which nearly all the filtering is effected 
at 60 kilocycles it may form an interesting example of 
what can be done at that frequency. It may as well 
be admitted at once that the design of filters for high 
frequencies is difficult, and assistance is obtained in 
cutting off the edges of the band sharply by the employ- 
ment of low-frequency filters at a ate stage in the 
receiver. 

The first condition to be met was the design of a 


* H. W. Nicnotts: 
1933, vol. 61, p. 812. 


“ Transoceanic Wireless Telephony,” Journal I.E.E.,- 


from small fixed air condensers. The low-pass unit 
consists of two ordinary sections designed to cut off at 


' 61-8 kilocycles, two sections with a cut-off at 61-5 kilo- 


cycles and theoretical zero impedance point at 62 kilo- 
cycles, and another section with a cut-off at 61:8 
kilocycles and tuning point at 63-8 kilocycles. Both 
filters were designed for input and output impedances 
of 600 ohms. This panel is followed by the high-pass 
filter of similar construction to the above, the 
ordinary sections cutting off at 58-2 kilocycles, and 
the tuned sections being resonant at 58 kilocycles 
and 57 kilocycles. The filter terminates in a valve 
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Transmission units (T.U) 


—3000 —2 000 


Fic. 4.—Frequency characteristic of high-frequency filter. 


filter. It will be seen by inspection of Fig. 4 that the 
cut-off at 500 cycles on either side of the band is about 
40 transmission units (T.U.). 

The filter is followed by two amplifying stages which 
have band filters consisting of two simple circuits 
coupled together, giving the well-known double-humped 
curve. The filter curve has rounded corners, and the effect 
of the double-humped curves following the filter is to lift 
up the rounded corners to a more or less square form. 
Further amplifying stages, having potentiometer control 
of the amplification, follow the band filters, then the 
local carrier is inserted before the detector, and following 
the detector is a low-frequency low-pass filter and a 
high-pass filter and further low-frequency amplification 
with potentiometer control. The low-frequency low- 
pass filter is shown in Fig. 5, and the frequency charac- 
teristic of this filter is given in Fig. 6. 

The overall frequency characteristics of the complete 
receiver including both high- and low-frequency filters 
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Fic. 5.—Audio-frequency low-pass filter (coils: iron-wire-core toroids). 


input transformer stepping up from 600 ohms to 60 000 
ohms on to the grid of the first valve. As the filters are 
only used on a small portion of their pass frequencies 
the imput impedance is about 1100 ohms, but this is 
rectified by using a step-up transformer in front of the 
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Fic. 6.—Frequency characteristic of audio-frequency Fic. 7.—Overall frequency characteristic of complete 
low-pass filter. | receiver. 
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is given in Fig. 7. It will be seen that the curve 
approximates to a rectangle, with the top nearly, but 
not quite, flat. As a matter of interest the ratio 
90 T.U. may be translated as a voltage ratio of 31 600, 
whilst 40 T.U. is equivalent to a voltage ratio of 100. 

The available overall amplification is about 100 T.U., 
and an output of + 15 T.U. above 1 milliwatt can be 
taken without distortion. 


Section 3. 
DIRECTIVE RECEPTION WITH WAVE ANTENNA. 


Having done all that is possible at the receiver to 
reduce the exposure to atmospherics, the next step is 
the development of directive reception. Seeing that 
atmospherics may arrive from all possible directions, 
we can reduce the exposure by employing a directive 
system of reception which allows of the signal being 
received, but which is relatively insensitive to signals or 
atmospherics received from other directions. We have 
seen in Section 1 that the transatlantic service is favoured 
by most of the summer atmospherics coming from the 
sector opposite to that from which the signal arrives. 

The early experiments on the wave antenna * in this 
country having proved extremely favourable it was 
decided to adopt that system for the antenna at Cupar. 
This antenna system was first developed by the engineers 
of the Radio Corporation and the General Electric Co. 
of America, but a considerable amount of intensive 
development in its application to the reception of radio 
telephonic signals has also been done by the American 
Telephone and Telegraph Co. This work has not yet 
been published, and I therefore propose to confine 
myself to a brief statement of the results obtained with 
the antennz in this country. 

The wave antenna, as used, consists of two parallel 
wires carried on ordinary telegraph poles a distance of 
just over 3 miles, which is one wave-length for this 
particular communication. The antenna picks up the 
horizontal component of the electric field passing over 
it, which gives rise, by a process of summation, to a 
- current in the wires which is greatest at the end opposite 
to that from which the signal arrives. A transformer 
is placed at this point to transfer the current to the two 
wires, considered as a transmission line, which carry 
the current back to the near end where the receiver is 
connected. At the receiver a certain amount of the 
wire-to-earth current can be combined with the current 
from the far end of the antenna to produce zero reception 
at a selected angle in the back sector, a process known 
as compensation. One such system constitutes a wave 
antenna, and combinations of such systems, spaced 
apart at a distance of 0-62 wave-length, are used to 
give additional directivity. The wave antennz are 
properly terminated at each end to avoid reflections, 
and the currents are carried from the wave antennz to 
the receiving hut by means of transmission lines, pre- 
cautions being taken to avoid cross-talk between the 
various lines. 

* BEVERAGE, Rice and KELLOGG: Journal of the American I.E.E., 1923, 
vol, 43, p. 215, 


VoL. 66. 


It will be realized that the directive properties of the 
wave antenna, and the amount of signal, depend to a 
large degree on the tilt of the electric waves, as it is 
designed to utilize the horizontal component of the 
electric field. So far, the Post Office has built three 
systems of wave antennz in this country, at Chedzoy 
(Somerset), Wroughton (Wilts) and Cupar (Fife), and 
the tilts obtained at these places were 0- 1°, 0:7° and 1-0° 
respectively, as against values of between 2° and 3° 
which were obtained on the wave antenne built in 
America. The differences are probably due to the 
nature of the soil. At Chedzoy the soil is swampy, 
at Wroughton the ground-level is high with a chalk 
subsoil close to the surface, and at Cupar the subsoil is 
sandstone. The differences between the tilts in this 
country and America may also be accounted for by 
possibly moister conditions of the soil here. This lack 
of tilt leads to the vertical effects of the antennæ be- 
coming large relatively to the desired horizontal effects 
and tends to reduce the directivity of the system. 
That is to say, the antenna may be regarded as a rather 
long antenna which picks up the field by virtue of its 
height above ground, whereas the horizontal effect is 
not directly dependent upon the height above ground. 
In the normal wave antenna on suitable terrain the 
horizontal effects preponderate and the vertical effects 
may be neglected in comparison. Also, undulations in 
the ground tend to have a bad effect on a system of 
small tilt and it becomes difficult to build several an- 
tennz with the same electrical results, leading again to 
loss of directivity when the antenne are combined. 
Fig. 8 shows the calculated and observed results for 
the wave antenne at Cupar. The curve marked A is 
the calculated result if the antenna were perfect, that 
is, with the vertical and therefore non-directive elements 
negligible compared with the horizontal effects. Curve 
B shows the calculated results combining the horizontal 
and vertical effects actually present, and small squares 
and circles near this curve represent actual measure- 
ments on signals arriving from the directions indicated. 
These observations check moderately well with the 
calculated curve, but it will be seen that the two antenna 
which have so far been completed are not exactly alike, 
which renders their combination into a still more refined 
directive system less perfect than it should be. Although 
built with extreme care, the ground conditions in the 
two cases are not identical, and it appears difficult to 
secure this in the ordinary type of country in England 
or Scotland. In countries with more highly resistive 
ground conditions the disturbing vertical effects are of 
much less importance and much better results should 
be obtainable. This statement does not exclude the 
fact that excellent results are obtained at Cupar with 
these wave antenne, the improvement over ordinary 
frame reception being most marked. Experiments are, 
however, being made at the present time with other 
systems of directive reception which do not depend 
essentially upon the tilt of the wave front, and these 
systems are described later in this address. 

In order that the wave antennz shall behave alike 
for all frequencies in the band used for the telephony 
service, it is necessary to keep the resistance and re- 


-actance components flat over the frequency band. 
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A. Calculated horizontal effect only 


B. Calculated combined horizontal 
and vertical effects 


C. Compensated at 180° 
© Observed values on N°! wave antenna 


Uncompensated 
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Fic. 8.—Directive curves for one wave antenna at Cupar. 
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Fic. 9.—Impedance measurements on middle wave antenna, Cupar. 
Wire to earth circuits with various terminations, 


50 - 54 58 62 66 70 - 


Frequency, in kilocycles per sec. 


_ Fic. 10.—Impedance measurements on middle wave antenna. 
Wire to wire circuit, ' Termination 600 ohms. 
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Fig. 9 gives the result of measurements of these quan- 
tities on one of the antennz which was terminated with 
different values of resistance. Fig. 10 gives similar 
measurements on the same antenna used as a trans- 
mission line. With these data available it becomes 
possible to arrange for proper termination of the lines 
by means of transformers so as to avoid reflections on 
the system. 

The following data obtained from measurements at 
the working frequency on the Cupar antenne may also 
be of interest :— 


Ratio of 
Characteristic Attenuation oo 
impedance constant velocity of 
light 
No. 1 antenna | 399-2 — 7 23-6 0-059 0-921 
No. 2 antenna | 378 —2¿32-4 | 0-061 | 0-913 


and the effective height of the No. 1 antenna is equi- 
valent to a vertical aerial of 91-7 metres effective height. 


Section 4, 


ANTENNA ARRAYS. 


Directive systems of transmission and reception 
depending upon the distribution of antenna systems in 
space with prearranged phase relations were invented 
in quite the early days of wireless. 

S. G. Brown * was, as far as is known, the first to 
suggest spaced antennz to obtain directivity. Bellini f 
in 1914 extended the spacing system, giving a large 
number of diagrams by which very sharp directivity 
could be obtained. Foster + has also extended the 
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series of diagrams still further to collections of antennæ 
which he refers to as antenna arrays. Beverage, Rice 
and Kellogg $ have given a very extensive bibliography 
of this subject in connection with their paper on the 
wave antenna. Reference may perhaps be made to 
these papers for fuller information on the subject. The 
Marconi antennz used for the beam stations are amongst 
modern examples of antenna arrays. 

For the purpose of the present paper it is proposed 

* British Patent No. 14449/1899. 


_ t Electrician, 1914, vol. 74, p. 352 


$ Bel System Technical Journal, 1926, vol. 5, p. 292. $ Loc. cù. 


to refer to two only of the many possible diagrams in 
the papers mentioned, because these two diagrams 
stand out prominently as representing the maximum 
amount of directivity to be obtained with the simplest 
possible arrangements. 

The two diagrams referred to are given in Figs. 11 
and 12. Fig. 11 represents the result of spacing two 
vertical aerials + wave-length apart and combining 
them with a phase difference of 90°, the result being 
nearly a cardioid diagram. This particular combination 
is extremely useful for producing zero reception at the 
angle opposite the signal. This particular diagram will 
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be referred to as the “staggered ” arrangement. The 
other diagram (Fig. 12) is the result of combining with 
equal phases two vertical antennæ at a distance of 0:6 
wave-length apart on a line at right angles to the signal, 
this distance apart being chosen as giving the maximum 
reduction of area from the original circle diagram 
of each vertical aerial. The further combinations or 
arrays which are made utilize the directive properties 
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of these two diagrams. Fig. 12 will be referred to sub- 
sequently as the ** broadside ” arrangement. 

It has been pointed out by Foster that, using any 
type of directive system as a unit which is distributed 
in phase and space, we can calculate the directive 
diagram for a system of vertical aerials so distributed, 
and the product of the unit diagram by the directive 
diagram of the array of vertical aerials gives the result 
of making an array of the particular type of directive 
system. 

Friis * has employed the staggered arrangement of 
frames with +5; wave-length separation and suitable 
phase displacement to produce a directive reception 


© Fris: Proceedings of the Institute of Radio Engineers, 1925, vol. 13, p. 685. 
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Directive curves 
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A. One wave antenna uncompensated 
B. Triple broadside of (A) at 0-622 
C. „u compensated at 180° 
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diagram, but although this separation takes less space 
than the } wave-length separation we. propose to 
employ, it has the disadvantage of providing less signal 
strength. 

With the broadside combination of two antenna 
systems of Fig. 12 the reduction of area is very marked. 
So large is this reduction that where a number of 
antenne are to be combined it is better to combine 
them in pairs and then to combine the pairs again in 
pairs rather than employ the plain paralleling of the 
ordinary antenna array. Fig. 13 is a diagram showing 
this pyramid combination of antenna systems. A, B, 
C and D are the four antenna systems to be combined : 
we combine A and B, B and C (using B over again), 
C and D (using C over again), giving the combinations 
(e), (f) and (g) respectively. (e) and (f) are then com- 
bined to form (h), and (f) and (g) are combined to form 
(j), and finally (h) and (j) are combined to form (k). 


advantage in particular cases. In the antenna systems 
at Cupar the ratio of energy supplied by the middle 
antenna to that from the outside antenne is adjustable 
to meet particular conditions of atmospheric distribution. 
Mesny * has adopted a logarithmic distribution of 
currents in the several antenne in his ‘ Greek key ” 
antenna, from which he claims a considerable i increase in 
directivity. 

The Cupar system was designed to employ a broadside 
arrangement of three wave antennz, but up to the 
present only two of these antennz have been completed. 
Fig. 14 is a diagram of the reception with three wave 
antenne, using the measured results of a single 
antenna at Cupar. It is convenient to employ rectan- 
gular co-ordinates for these directive diagrams which, 
although not so impressive as the polar diagrams, give 
a more accurate idea of the improvement to be obtained 
by a particular system, because the exposure to atmo- 
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Each combination of a pair multiplies the diagram of 
the individuals of the pair by Fig. 12, so that we very 
quickly get a very narrow diagram. The units A, B, C 
and D may each consist, for example, of two frame 
aerials staggered } wave-length apart with 90° phase 
difference, and then (k), the final combination, is the 
figure-of-eight diagram of the frame aerial multiplied 
by Fig. 11, and then several times by Fig. 12, according 
to the number of combinations. 

It is easily shown that (k) utilizes the energy of the 
several antennz in the proportion A + 3B + 3C + D, 
so that by combining the antenne in parallel in this 
proportion we shall achieve the same result as the 
pyramidal formation. Bellini* first suggested this pyra- 
midal formation of antennz and gave a formula for the 
current in each of the antenna systems, but in practice 
other ratios of energy may be employed with greater 


e Loe. cit, 


spherics is proportional to the area of the a 
affected by the atmospherics. 

In view of the difficulty in regard to the small tilt of 
the wave-front in this country, we are at present engaged 
on experiments with combinations of frames and vertical 
aerials, for which calculations indicate marked directive 
effects. Fig. 15 is the diagram for a triple broadside of 
staggered frames, using an energy factor of 2 for the 
middle system. The staggering proposed is + wave- 
length with 90° phase displacement. This diagram 
gives results of a similar order to the triple broadside 
of wave antenne. Fig. 16 employs as the unit a 
staggered combination of two cardioid arrangements, 
each consisting of a frame and vertical aerial, the 
cardioids being at }+ wave-length separation. The 
diagram gives the result of a triple broadside of these 
units, again using an energy factor of 2 for the middle 


© Musuy : L'Onde Electrique, 1927, vol. 65, p. 181. 
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units. It will be seen that the diagram is nearly zero 
from 120° to 240°. The curve C in the same figure is 
the result of using an energy factor of 1-6 for the middle 
unit. * Comparison of this curve with Fig. 1, giving the dis- 
tribution of atmospherics at Cupar, shows that if it is 
possible to attain the correct combination of the several 
frames and vertical aerials very considerable improve- 
ment should be obtainable. Fig. 17 is the diagram of 
a triple broadside consisting of six cardioids as in the 
last case, but with the frame aerials arranged at right 
angles to the line of the signal. This diagram is not 
very good from 0° to 180°, but is nearly zero from 180° 
to 305. Such a diagram would be very useful when 
the preponderating stream of atmospherics is on the 
side of the antenna system. 

The success of such combinations depends, however, 
on very great care being exercised in making all the 
elements of the combination exactly alike. This process 
must cover not only the amplitude but also the phase 
at every frequency within the band of reception. Also 
for telephony reception there must be no undue attenua- 
tion of signals at the edges of the band owing to the 
tuning Of the circuits being too sharp. The frames and 
verticals require either to be constructed with identical 
reactive and resistive components or to be combined 
with circuits which will produce the same effect of 
equalizing the phase and amplitude at all points in the 
frequency range. 

In concluding this Section it may be pointed out 
that no means are at present known of obtaining extreme 
directivity by a system which operates only at a single 
point, and that it is necessary to extend the operation 
over an area which is comparable with the wave- 
length upon which we wish to operate. The systems 
described have their maximum directivity in the hori- 
zontal plane and are therefore suitable for medium and 
long waves, which arrive horizontally in most cases. 


Section 5. 


THE LEAF DIAGRAM. 


A further development in directional receiving 
diagrams is at present the subject of trials. 

When a frame aerial is combined with a vertical 
aerial to produce the well-known cardioid diagram, the 
currents in the frame from two directions 180° apart 
are also 180° apart in phase. This property, when 
combined with the currents in the vertical aerial with 
90° phase difference, gives rise to the zero in one direc- 
tion and maximum of double strength in the opposite 
direction, characteristic of the cardioid diagram. Now 
it is possible, by doubling the frequency in the receiver 
and by other means, to arrange that the frame gives a 
figure-of-eight diagram with both halves having the 
same phase, instead of being opposite in phase, and if 
such a. system is combined with a vertical antenna, 
still with 90° phase displacement, in such a way that 
the frame currents are subtracted from the circle diagram 
of the vertical antenna, we are left with a narrow polar 
diagram (see Fig. 18), to which I have given the name 
of the “ leaf ” diagram. 

There are séveral ways in which the figure-of-eight 


diagram of the frame aerial may be made to have the 


same phase in both halves of the diagram. If we pass 
the output of the frame into a full-wave rectifying 
system (see Fig. 19) so as to make both positive and 
negative half-waves possess the same sign, then all 
distinctions of phase so far as the 180° effect is con- 
cerned have disappeared. The output from the vertical 
aerial is similarly treated and then the rectified frame 
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output is subtracted from it, giving Fig. 18. Similarly 
if we pass the output of the frame into a frequency 
doubler the phase difference of 180° in the two halves 
of the frame diagram is removed. Single half-wave 
rectification of modulated signals also serves the 
Same purpose if the modulating frequencies received 
from frame and vertical are subtracted from one 
another. The carrier frequencies in the frame have 
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the 180° phase displacement, but this does not apply to 
the modulating frequencies, and when the latter are 
balanced against those received on the vertical they 
are only out of the correct phase for balancing by the 
width of one half-cycle of the carrier frequency, which 
is a negligible quantity. 

Such a leaf-diagram system may be employed as the 
unit in an antenna array, as described in an earlier 
Section, and the narrowness of the unit diagram is 
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reflected in the final aérea shiained toi the antenna 
array. Fig. 20, for example, is the result of an array 
of six leaf diagrams arranged in two parallel rows of 
three each, the broadside spacing being 0-62 wave- 
length and the staggered spacing. j wave-length, the 
energy factor being 2. In this case all the frames could 
be combined together separately and the verticals also 
combined together separately before rectification, and 
the outputs of the rectification process would then be 
subtracted as before. 

Whatever rectification process is adopted, it is de- 
sirable to have perfect straight-line rectification in 
order to ensure proportional outputs of the modulating 
frequency for any input strength. In practice we have 
only an approximation to the straight-line rectifier, but 
the irregularities in rectification are to a large extent 
removed in the balancing process. 

In dealing with the question of atmospherics their 
effects, after they have passed through the tuned 
circuits, consist of damped sinusoidal currents, which 


that if two identical. carrier egued are out of 


phase by 180° the heterodyne notes will be out of phase 
by the same amount. Where telegraphy is concerned, 
however, we may in the first place use the rectification 
process to produce a second harmonic which can be 
heterodyned to give the audible signal. This removes 
the heterodyne to the point after combination has taken 
place, and no difficulty due to the use of the heterodyne 
ensues. With single side-band telephony the use of the 
second harmonic for adding the local A would 
cause distortion. 

The use of the second harmonic in the receiver brings 
with it one advantage, that the spacing of the aerial 
systems in an antenna array may be halved, the direc- 
tivity being the same as with the more extensive array 
used on the fundamental wave. If the frequency is 
doubled before combination we are virtually dealing with 
a signal of half the wave-length, and the optimum 
antenna spacings should therefore be halved to obtain 
the same directivity. This plan may be extended to 
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Triple broadside of staggered (4) leaf diagrams at 0-62. 
Energy factor of 2 for middle system 
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may be treated exactly the same as the modulated 
carrier current so far as the balancing process is con- 
cerned. It is, however, necessary to make the response 
of frame and vertical aerials to atmospherics the same, 
either by equalizing the reactances and resistances 
directly or by the use of circuits coupled to them which 
will perform the same purpose. ` 


So far no mention has been made of the reception 


of waves which demand a local heterodyne to render 
them intelligible. Where it is necessary to add the 
local heterodyne before the rectification process, as in 
the case of single side-band telephony, one half of the 
diagram, from 180° to 360°, for example, will be the 
perfect leaf diagram, while the other half, 0° to 180°, 
will be imperfect, the degree of imperfection depending 
upon the relation of the strength of the local heterodyne 
to the strength of the atmospherics. This is because 
the use of the heterodyne produces in the rectification 
process a phase relation in the beat frequency which is 
dependent upon the phase of the carrier frequency, so 


the use of higher harmonics than the second, and it 
offers a means of obtaining sharp directivity in a smaller 
area of ground. At first sight the reception of ordinary 
telephony on the second harmonic would appear to 
suffer from lack of quality, but the modulating fre- 
quencies on the fundamental are carried through to the 
harmonic unimpaired, and practical tests show that the 
quality is unaffected by the small quantity of har- 
monics and combination tones which are generated in 
rectification. 


CONCLUSION. 


The protection of wireless apparatus against the 
effect of atmospherics has reached a limit set by the 
necessity of ensuring intelligibility in the signal, and 
the use of directive reception offers at present the only 
means of defence which still has openings for improve- 
ment. All such directive systems demand a relatively 
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large area of ground to ensure good directivity. The 
directive systems outlined in this paper have their 
maximum directive properties in the horizontal plane 
and no reference has been made to the directive pro- 
perties in the vertical plane. Fortunately, for long 
waves at any rate, most of the signals and atmospherics 
arrive in a horizontal direction, and it is only in the 
case of comparatively nearby thunderstorms that 
reflection from the Heaviside layer would bring down 
atmospherics at angles much less than 90° from the 
vertical. The atmospherics collected from the thunder- 


storms in this country are not numerous and do not 
cause so much disturbance as the relatively larger 
number collected from the wider area of the Continent 
of Europe and, possibly, the nearer portions of Asia and 
Africa. 

In conclusion I should like to express my indebted- 
ness to Mr. I. J. Cohen, the designer of the filter 
described, for assistance in the preparation of this 
address, and to Dr. A. Bailey and Mr. S. W. Dean, of 
the American Telephone and Telegraph Co., who 
co-operated in the measurements on the wave antenne. 
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= By C. G. MorLeY New, Member. 
“SOME NOTES AND REFLECTIONS ON RECENT LEGISLATION.” 


(ABSTRACT of Address delivered at CARDIFF, 10th October, 1927.) 


The electricity supply industry has been the subject 
of three Acts of Parliament since 1919 and, whilst 
politicians may be satisfied with their efforts, many of 
those engaged in the industry do not share this satis- 
faction. The Act of 1919 arising out of the recommen- 
dations of a committee of the Board of Trade which 
had been considering the question of electric power 
supply, set up the Electricity Commission and has been 
instrumental in co-ordinating to some extent plant 
extensions in various generating stations. In addition 
to re-organizing the supply of electricity the Act did 
something to assist the distribution side in regard to 
the obtaining of wayleaves and the erection of overhead 
lines, and the selling side by granting hiring powers to 
local authorities empowered to supply electricity. 
Shorn of the compulsory powers in the draft Bill, which 
in the form submitted had no supporters, the Com- 
missioners have been unable to effect that re-organization 
of the supply of electricity which no doubt they would 
have desired.. Most supply engineers must feel that the 
1919 Act was worth while, if only for the fact that it 
set up the Electricity Commissioners, whose principal 
duty it is to endeavour to improve electric supply 
conditions in the direction of cheapening the cost. 

“The Commissioners have generally inspired confidence 
by their sincerity and capability for performing the task 
for which they were set up, although it is only natural 
that there are times when they are subjected to criticism 
by those who are not entirely disinterested in their 
decisions. The problems before them now and in the 
near future are much more formidable than those they 
have hitherto dealt with, and their decisions will be 
subjected to the closest scrutiny by those whose interests 
are affected. | 


It is interesting to note that the provision of a cheap 
and abundant supply of electricity, of which we have 
heard so much, is the duty of those Joint Electricity 
Authorities constituted by the Act. If it was the 
expectation of those responsible for the Act that a 
number of Joint Electricity Authorities would be set 
up, their efforts have signally failed. The Commis- 
sioners have provisionally determined 15 electricity 
Districts, but only 8 schemes for improving the organ- 
ization for the supply of electricity have so far come 
into force, and the majority of these consist of Advisory 
Boards. The value of these Advisory Boards for the 
purpose in mind may be judged by the fact that under 
the 1926 Act the Commissioners apparently have not now 
the power to set them up. It is within the knowledge 
of most members that a scheme has not been put 
forward for this area under the provisions of the 1919 
Act, although a representative committee of the interests 
concerned has been investigating the subject for some 
considerable time. The difficulty of formulating a 
scheme under the 1919 Act is known to some of us, the 
problems being both technical and financial—principally 
the latter. These difficulties largely disappear under 
the 1926 Act, as most of the financial burdens are spread 
over all undertakings in the country. Whilst the 1922 
Act was brought in principally to remedy the financial 
defects or omissions of the 1919 Act, the Act of 1926, 
based on what is known as the Weir Report, is intended 
to remedy the failure of previous Acts to re-organize 
the generating side of electricity supply in an effective 
manner. There was of course plenty of criticism of the 
Bill in its passage through Parliament, containing, as 
it did, such revolutionary proposals. No supply engineer, 
however, could seriously defend the perpetuation of all 
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the numerous stations up and down the country, and 
it must be admitted that re-organization under the 1919 
Act has proved a slow process. 

We cannot start de novo, but must superimpose on an 
inefficient system a scheme of this sort whereby the 
best of existing stations are utilized—for the time being, 
at any rate—and the others closed down as and when 
supplies from the Central Board can be given at a cost 
lower than that of local generation. In the interim 
it is hoped that harsh conditions will not be imposed 
on individual undertakings, in the interest of others, 
to the serious detriment of those undertakings. 

Whether or not we agree with the provisions of the 
Act, it is our duty faithfully to co-operate with those 
responsible, in the great task of placing the generation 
of electricity in this country on a sound technical and 
economical footing. All members know something 
about the Act—those in the supply industry in par- 
ticular—and it is therefore unnecessary to say very much 
as to its provisions. We hear from the general public 
and read in the lay Press such astonishing things about 
it, or rather its effects, that it might be as well to state 
what is not going to happen. In the first place, those 
in the industry are not being transformed into Govern- 
ment officials, all the power stations in the country 
are not going to be given over to some other authority, 
nor is there to be any interference with private plants. 
Supplies are not going to be given at an average price 
of 1d. per unit yet awhile, certainly not at 4d., and every 
farm in the country will not have supplies laid on for 
the asking. Briefly, the intention of the Act is to 
ensure, as far as possible, economy in the cost of genera- 
tion as apart from distribution—the latter being left 
entirely in the hands of supply undertakings to be 
administered and dealt with as previously. It fore- 
shadows that in the course of time practically all generat- 
ing stations then in operation for public supplies will 
be generating for and selling to the Central Board set 
up by the Act, who will from such stations, and through 
transmission lines provided by them, sell directly or 
indirectly to the various authorized undertakings. 

An outstanding feature of the Act is that affecting 
local authorities. In future the net surplus in any year 
can only be applied to the relief of rates up to 14 per 
cent of the outstanding debt of the undertaking, and 
after the 3lst March, 1930, no sum can be so applied 
unless the reserve fund amounts to 5 per cent of the 
aggregate capital expenditure on the undertaking. 
Excessive rate reliei—sometimes at the expense of the 
financial stability of the undertakings—has been a 
feature of post-war expediency finance and has brought 
about its own retribution. The policy in this matter 
is outside the control of those directly responsible for 
management, and no more need be said except that it 
is a satisfaction to many to know that in future reserve 
funds will have some consideration. Electricity supply 
companies are looked after in this respect also, as the 
Electricity Commissioners now have the power, where 
cost reduction is effected by the operation of the Board, 
to provide for a sliding scale of prices in relation to 
dividends. Generally, in this matter the intentions 
of the Act are that any reduction in costs due to 
the re-organization of the generation of electricity 


is as far as possible to be reflected in the charges to 
consumers. | 


EFFECT OF RECENT LEGISLATION. 


The uncertainty arising out of the Acts referred to 
cannot be said to have so far seriously affected develop- 
ments on the distribution side, thanks to an insistent 
demand by the public, fostered by the activities of the 
British Electrical Development Association and the 
efforts of those engaged in the supply and contracting 
sides of the industry, but it has in many cases caused 
anxiety in meeting these demands and has also arrested 
development on the generating side. 

There have been restraining influences, affecting more 
particularly the smaller undertakings, which have not 
been helpful in promoting a whole-hearted endeavour to 
seek additional business. 

We now know where we stand, although there must 
be some uncertainty as to the beneficial results expected 
of the scheme of re-organization. The duty is imposed 
on the Electricity Commissioners to submit schemes 
to the Centsal Board and they have already submitted 
two, covering Central Scotland and South-East England, 
and others may be expected shortly. It seems likely 
that, until these schemes are in operation, development 
will be retarded in a number of instances, due to the 
uncertainty of being able to meet increased demands. ` 


STANDARDIZATION OF FREQUENCY. 


The scheme for Central Scotland is of peculiar interest 
to members in this area in one respect, namely, the 
adoption of the standard frequency of 50 cycles and the 
changing-over of large and important areas of supply 
from 25 cycles. This change-over covers a large portion 
of the industrial area of Scotland and systems responsible 
for the larger portion of the output and plant installed, 
so that it may be assumed that a scheme for this area 
where the conditions are not so adverse will include a 
change-over to the standard frequency. This is a 
matter requiring considerable engineering skill and 
organization, particularly in regard to consumers’ 
apparatus, and during the progress of the work will 
probably give some anxiety to those responsible for the 
maintenance of supplies. There will have to be some 
co-ordination in the programmes for the different areas, 
as there are others besides the one mentioned which no 
doubt will be similarly affected, otherwise the manu- 
facturing resources of the country, particularly in regard - 
to motors, may be severely strained. 

Just as supply engineers are always endeavouring to 
fill up the valleys in their load curves, so manufacturers 
would welcome work arising out of these change-over 
schemes if it were possible to fill up the gaps which 
occur from time to time in the orders received. Some- 
thing could no doubt be done in this direction by co- 
operation between all those concerned; this should 
make for smoother and more economical working of 
these formidable schemes. The immense amount of 
work involved may be imagined from the survey of the 
one area in question made in 1924. Generating plant 
installed and on order amounted to 273 300 kW, plant 
for converting to direct current 148 875 kW, and some 
8 500 alternating-current motors totalling 220 686 h.p. 
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The estimated net cost was £1 984 300 and to-day, 3 years 
later, is no less than £2921 250. This increase of 
£936 950 (47-2 per cent) is a striking illustration of 
the cost of delay. The gross cost to-day is £3 410 000, 
the difference (£488 750) representing ante-dated capital 
expenditure on distribution repayable by the under- 
takings involved. Such an expenditure could not be 
justified by the individual undertakings concerned on 
the score of the doubtful economy accruing to them, 
but in these schemes the burden of standardization of 
frequency is spread over the whole of the supply industry. 
In effect this means that “standard *” areas have to 
give financial assistance to ‘‘ non-standard ” areas in 
obtaining the economies resulting from interlinking. 

The Commissioners, in their estimates of savings 
under the scheme, take into account the capital charges 
on transmission lines (£191 146) and the other expenses 
of the Board, totalling 0-0475d. per unit sold, and give 
for the year 1933-4 a saving of £222 243, or 0:04d. 
per unit. Bearing in mind that the annual charges 
for the change of frequency is of the order of £180 000, 
it will be seen that direct benefit to the district, if these 
charges had to be met by the district, would be proble- 
matical. All undertakings, particularly those working 
at the standard frequency, are vitally interested in the 
cost this policy entails, and an estimate may be made. 
The Weir Report gives an approximate net cost of 
£8 000 000 for the complete change-over as conditions 
were in 1924. Assuming the same development as in 
Scotland, the cost to-day would be approximately 
£11 750 000 and the annual charges for 40 years—the 
period in the Central Scotland scheme—about £725 000. 
The Board will obtain repayment of this amount from 
authorized undertakers through the Electricity Com- 
missioners, who, have to show this as a separate item in 
their demand notes for contribution to their expenses— 
an annual reminder of the cost of standardization— 
without anything nearly so definite as to the savings to 
put before committees and directors when the accounts 
are presented. Whereas the Commissioners’ ordinary 
expenses are apportioned on the basis of units sold, 
the cost of standardizing the frequency is to be made on 
revenue received from the sale of electricity. It will 
be seen that on this basis the cost per unit will vary 
with different undertakings and will be a definite 
percentage of the average selling price, whereas with the 
Commissioners’ ordinary expenses the cost per unit is 
the same to all undertakings. Taking the figures given 
in Garcke’s Manual of £40 889 613 as revenue received 
from the sale of current by 394 supply undertakings 
for 1926, the additional cost due to the £725 000 loan 
charges will be £17-73 per £1000 of revenue. In the 
case of the Cardiff undertaking this would mean a 
charge of £4 432 on a revenue of £250 000 for last year, 
compared with the Commissioners’ ordinary expenses 
of £291. 

The charge per unit will of course decrease with 
increasing output, but on last year’s output it is 
equivalent to an increase of over 16 per cent in our coal 
bill with to-day’s cost of coal. As the sales increase 
from year to year so will the percentage cost due to 
this charge decrease, but, assuming that all undertakings 
progress equally in the matter of revenue, the annual 
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cost per undertaking will remain the same. Capitalized 
on the basis taken, Cardiff’s contribution to the frequency 
change is approximately £71 820 out of the total of 
£11 750 000, involving a total charge, over 40 years, 
of £177 280. The question of liquidating this liability 
earlier should receive the consideration of individual 
undertakings. Those undertakings that have in recent . 
years met out of their own resources heavy costs on 
similar works feel they have a grievance in being called 
upon to meet this charge in addition and, incidentally, 
help to provide some undertakings with large, economical 
modern units in place of inefficient, small ones. These 
estimates are not put forward as an argument against 
the adoption of a standard frequency—and it would be 
useless to do so seeing that the policy has been settled— 
but rather to show the debit side to the estimated 
economies by the schemes of centralization of genera- 
tion and interconnection. Nationally there are many 
advantages, but many of us have to consider the direct 
effect on our undertakings against the indefinite indirect 
advantages, and it can at once be stated that the existing 
efficient generating stations cannot have so much to 
gain to offset these serious additional overhead charges. 

Now that standardization of frequency has been 
decided on, standardization of distribution voltage, 
which would be of great benefit to consumers and some 
benefit to supply undertakings, is being seriously con- 
sidered. Seeing that, prior to the formation of the 
Electricity Commission, the Board of Trade’s approval 
had to be obtained to any system of supply, it is a pity 
that the advantages of standardization were not appre- 
ciated, and, if they were, that ‘‘ system of supply ” was 
not construed to include both frequency and pressure 


of supply. 
GENERATION. 


The responsibility for generation will, instead of 
resting with some 480 stations, be in the hands of a 
comparative few, selected for their natural advantages 
and efficiency of generation. A number of engineers 
will therefore, in course of time, cease to interest them- 
selves in the engineering details but will be keenly 
interested, without any control, in the financial side of 
this part of supply work. The generating side has 
always appealed to the engineer as well as to the lay 
man. Accurate records of performance can be kept and 
quick results obtained of any alteration in methods of 
operation, or improvements or modifications introduced. 
Plant, however, has become more or less standardized 
on broad lines, and there is not now that scope for 
individuality exceptin details. Itis perhaps unfortunate 
for the new schemes that the publicity given to the 
Commissioners’ returns, together with the better plant 
available and the high price of fuel obtaining in recent 
years, has resulted in greatly improved thermal efficiency 
in most stations. Criticism has been levelled at these 
efficiency returns, but it hardly seems worth while to 
pursue it seeing that in the future we shall be more 


, interested in the cost per unit, which will include 


capital and other charges incurred in obtaining these 
efficiencies. A comparison of the returns for 1920-1 
and 1925-6, which include railways and tramway 
stations, shows an improvement in the average fuel 
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consumption of 0°92 Ib. per unit, which, on the output | 
for the latter year, is equivalent to about 3 200 000 tons. 
It is too much to hope for a similar reduction in the 
future, although it must be borne in mind that economies 
of this sort are cumulative in their effect with increasing 
outputs. It is clear that the schemes to be put into 
operation must inevitably bring about in course of time 
a levelling-up of generating costs, and that the un- 
economical stations will participate in the economical 
results effected by others. This is a fine example of 
Christian socialism, but it is truly Gilbertian when we 
think of the friendly rivalry, which has existed for so 
many years between the 400 odd stations set up by 
previous legislation, being wiped out by the operation 
of new legislation. It might reasonably be asked: 
* Where is the incentive to provide ‘ selected stations ’ 
under these circumstances °?” A detailed examination 
of this point would take too long, and members interested 
will no doubt have id given the matter con- 
sideration. 

It is also clear that consumers connected to under- 
takings owning economical stations cannot expect to 
see the results of these schemes accruing to their 
advantage to anything like the extent they may have 
been led to expect, and that for the immediate future 
they must look:to economies being effected in other 
directions and by other influences. 


DISTRIBUTION. 


This is left without interference to the various under- 
takers, and, as there is every prospect that the pheno- 
menal activity of the past few years is likely to continue 
for sometime, engineers—and they will be many— 
who find themselves relying on bulk supplies will have 
plenty of scope for their energies with increasing 
responsibilities incidental to increasing consumers and 
outputs, and it is to be hoped that these extra respon- 
sibilities will be fully recognized by employers. There 
will still be the same efforts made by undertakings to 
give better service and cheaper supplies than their 
neighbours, although it may be that the levelling-up 
of generating costs will remove one source where an 
advantage was previously held. Stress has been laid 
on the subject of efficiency in power stations and there 
is undoubtedly a great fascination for engineers in the 
subject, but it has been pointed out here that in the 
future we shall be more concerned with the ultimate 
cost. In distribution, efficiency, as such, is a more 
difficult problem and cannot be reckoned in terms of 
units sent out and units sold, and even if it were so it 
depends on so many factors that the results would not 
be strictly comparable. There have been and will be 
great extensions of distributing systems, and it is in 
the direction of keeping down capital costs on more or 
less routine extensions whilst not stinting the copper 
in distributors and services that attention may be given. 

With a belated appreciation of a well-mixed load, the 
question of domestic supplies is receiving considerable 
attention and is being fostered by attractive tariffs, 
publicity, hiring and hire-purchase schemes. In the 
newer residential districts higher capital costs are 
involved by the houses being either detached or semi- 
detached, set well back from the roadway and occupying 
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considerable street frontage. Anything that can be 


done in the direction of reducing service costs must be 


welcomed. Multi-part tariffs are becoming general 
and this system reduces meter costs and incidental 
expenses in connection therewith. 

Meters form quite a large proportion of the total 
service costs, particularly in the larger sizes now necessary 
and where multi-part tariffs are not in operation. We 
are probably spending £1000 000 annually on .meters, 
which sum could be materially reduced if it were not 
for the multiplicity of voltages and frequencies, the 
special requirements of some engineers and the small 
limits of error allowed by our standard specification. , 
This extreme accuracy at lower loads is often discounted 
in course of time where meters are left on circuit for 
considerable periods without being overhauled. It is a 
relic of the early days when supplies were confined 
mainly to lighting, but the position is different now 
when multi-part tariffs are in operation for power and 
domestic supplies, thus ensuring as far as possible that 
the standing charges are covered. ‘After all, it may be 
argued that the net effect of lowering the average 
accuracy of meters on circuit is only shown in a corre- 
sponding increase in the tariffs without any difference 
in the accounts of individual consumers. It is question- 
able, however, whether an increase of the limits of error 
would be reflected by a corresponding reduction in the 
number of units registered. We can pay too much for 
technical efficiency, resulting in a lowering of commerical 
efficiency, and it is probable that with. concentration on 
a lesser number of standard sizes with greater limits 
of error, meter prices in the larger sizes could be reduced 
considerably. It seems probable, however, that the 
existing close limits of error will be tightened up in 
the revised specification, increasing the wide discre- 
pancy which now exists between our standards and those 
of other countries. 

Whilst we all wish to settle down and digest the 
legislation which has been thrust on us, we may have 
to get resigned to further legislation affecting distri- 
bution, when the re-organization of generation is com- 
pleted. There seems at present to be a rush to obtain 
special orders for comparatively small areas, and where 
saving is made on generation it may be thrown away 
on distribution in small areas separately administered. 
It is not proposed here to enlarge on what must be a 
very controversial subject, but if it is really the desire 
generally that all should have equal facilities for cheap 
supplies, then something will have to be done whereby 
comparatively small distributing areas could, or should, 
avail themselves of the organization of large undertakers 
in their vicinity, who at the present time, unless arrange- 
ments are made to take over these areas, are limited 
to supplying in bulk to them. 


RURAL SUPPLIES. 


The Electricity Commissioners have recently issued a 
memorandum on this subject, apparently with the 
intention of educating those concerned with the necessity 
of overhead lines and the desirability of taking a reason- 
able view of granting wayleave facilities. A number of 
engineers vitally interested in overhead line work 
consider that the Commissioners can assist in reducing 
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costs by relaxation of some of their rules. They also 
consider that the time is ripe, particularly now that 
a cheap and abundant supply of electricity is considered 
to be a matter of national importance, for the unique 
privileged position of the Post Office to be materially 
altered and placed on the same basis as that of other 
trading undertakings. 

Agriculture forms the occupation of a large number 
of our people; no doubt the potential power load is 
very great and with supplies at reasonable cost it may 
be expected that farmers will avail themselves of these 
facilities to an increasing extent. It has to be borne 
_ in mind that although transmission lines may run 
where hitherto they were never expected, the cost 
of connecting to such lines and providing secondary 
transmission and distribution is likely to be a formidable 
obstacle to an early extension in this field of development. 


TRADE PROSPECTS. 


All undertakings during recent years have reported 
a large increase in the number of consumers and 
domestic apparatus connected. This is likely to continue 
and, apart from the resultant economies expected from 
the re-organization of generation, the granting of selling 
powers to all local authority undertakings is resulting 
in the connecting-up of consumers who would not 
otherwise be obtained. An increasing number of under- 
takings are operating schemes whereby installations 
and apparatus are provided under easy deferred-payment 
terms, and a feature of a good proportion of these 
schemes is the preference shown to British materials 
and to contractors on the National Register of Installa- 
tion Contractors. Our Institution, as members are 
aware, was instrumental in promoting this voluntary 
registration of contractors, and it is pleasing to note 
that the movement is making considerable headway. 

If a standard voltage is adopted, as well as a standard 
frequency, it may be expected that a reduction in costs 
will result, thus opening up a larger market to the benefit 
of all. Itis inevitable that a great deal of work will be 
available for those industries concerned with overhead 
transmission lines, and from investigations made there 
seems to be no necessity to go outside this country for 
work of this character, thanks to the development work 
undertaken for export requirements. The same remarks 
apply to the transformers and switchgear entailed, 
and, in fact, to all materials and plant. Reference has 
already been made to the large amount of work, par- 
ticularly in regard to motors, involved by the change of 
frequency, and it would be a tragedy if, for want of 
co-ordination, orders have to be placed elsewhere than 
in this country, say, on the score of delivery. 

With regard to generating plant, it seems inevitable 
that, pending the putting into operation of the centra- 
lization schemes, many undertakings will be cramped 
in development for want of plant, the consent of the 


Electricity Commissioners to such extensions being 


required. Delays are already taking place due to the 


necessity of endeavouring to arrange terms for bulk 


supplies in lieu of local generation. Now that we are 
adopting mass production in the matter of generation 


it follows that generating units will be larger than have | 


hitherto been thought necessary. America, the pioneer 


of mass production, has in hand sets as large as some of 
our complete modern power stations. These large 
machines, however, are made up of several units 


running at 1800 r.p.m. We have, due to our lower 


frequency of 50 as against 60 cycles—the standard in 
America—developed in advance of them at the higher 
speeds, and whilst in the low-speed machines running at 
1 500 r.p.m. developments here have not been so rapid 
because there has not been the demand for very large 
machines, there is no inherent difficulty in their design. 
Probably the greatest difficulty to overcome is that 
of lifting and transporting the heavy weights involved. 
A few years ago, 15000 kVA in one unit running at 
3 000 r.p.m. was considered large, but designs have been 
developed here for machines up to 35 000 kVA, and no 
doubt in a few more years we shall see machines of 
50 000 kVA at this speed. It may be taken for granted, 
then, that British manufacturers will prove capable 
of fulfilling the demands made on them both in a 
technical and a manufacturing sense. It is hoped on the 
one hand that they will be wise enough to quote economic 
prices, and on the other that those purchasing will be wise 
enough to recognize that it does not pay to trade with 
people who do not make a profit on the transaction. 
It should be unnecessary in these days of unemploy- 
ment to stress the advisability of buying goods which 


are manufactured in one's own country, from that | 


country, and yet we constantly see advertisements 
which exhort us to buy British goods. During the war 
there was so much unselfishness shown by our people 
towards each other that a reaction seems to have set 
in here and there, resulting in individual advantages— 
if we accept their conclusions—at the expense of the 
nation as a. whole. It is fortunate that the majority 
do not act in this manner, for we should very soon be 
looking about for the wherewithal to make any purchases 
at all. Is it realized that of late nearly every country 
in the world seems to have embarked on a policy of 
becoming self-contained, making it more difficult for 
us to sell goods in foreign markets and so pay for our 
imported foodstuffs and raw materials for our industries ? 

South Wales, which relies so much on coal exports, 
has recently experienced some instances of this policy, 
and it would be useful for local trade if the Navy could 
revert to coal for steam-raising and so help to com- 
pensate for the loss in exports. It is hardly a matter 
for congratulation that foreign capital is being intro- 
duced into the electricity supply industry in this country, 
if, as is usually the case, this means, in due course, 
business for the manufacturers of the financing country. 

It is essential that each individual should cultivate 
the habit of helping his fellow men, and much can be 
done in the direction of our personal as well as our 
business requirements. 

It is difficult to understand the mentality of people 
who, although they complain of the foreign competition 
which is making serious inroads into their businesses 
and grumble about rates, taxes, poor relief and unem- 
ployment pay, yet purchase and use a number of articles 
of foreign manufacture. We thought nationally during 
the four years of war; let us think nationally in these 
difficult days when over a million of our people are 
still unemployed. . 
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“ PUBLIC ELECTRICITY SUPPLY.” 


(ABSTRACT of Address delivered at GLAsGow, 11th October, 1927.) 


The subject of public electricity supply has been 
much in evidence of late, recent legislation focusing 
interest and attention upon it. We, as Members of the 
Institution, are especially interested by reason of the 
fact that we are closely identified with it on either 
the manufacturing or commercial side. If any other 
reason be required for selecting that subject for my 
address this evening, it is that one is naturally prompted 
on such an occasion as this to deal with matters with 
which one is in close personal touch. 

The Electricity (Supply) Act, 1926, is the inevitable 
outcome of recent Parliamentary investigation and 
legislation relating to the economic generation and 
distribution of electrical energy for public use. It 
seems to me that a brief review of the whole position 
may serve some useful purpose in, firstly, disabusing 
the mind of the pessimist, who sees in the passing of 
this latest Act only another instance of Government 
interference with industry, and who therefore regards 
the future with apprehension and misgiving, and, 
secondly, in correcting the roseate view of the optimist, 
who believes that our difficulties are all resolved by 
this new measure, and who therefore looks forward to 
garnering the “rare and refreshing fruits” of a cheap 
and abundant supply of electricity. 

The industry as we know it to-day is the growth of 
less than half a century, the first central station in 
England being that of the Edison Electric Light Co., 
in Holborn-viaduct, London, opened in 1881. 

The Electric Lighting Act, 1882, was the first measure 
. passed to control this new industry. The Board of 
Trade was empowered to grant concessions by means 
of Provisional Orders or Licences for the supply of 
electricity within any area, subject to the right of the 
local authority in such area to purchase, without any 
allowance for goodwill, the works and distributing 
cables of the concessionaires after 21 years. The 
inevitable result of this was to divide the public elec- 
tricity supply business amongst a very large number of 
small undertakings, whose areas were defined by purely 
geographical and political considerations. Great un- 
certainty existed in the case of company undertakings 
as to whether local authorities would exercise their 
right of purchase, and this uncertainty prevented the 
investing public from lending their support to otherwise 
attractive schemes. 

The amending Act of 1888 altered the time of such 
purchase to 42 years. Under this Act the consent of 
the local authority was required for the granting of a 
Provisional Order to supply within their area. The 
Board of Trade, however, reserved the right to dispense 


with such consent if circumstances appeared to warrant 
such a course. At the same time, the Act established 
the somewhat onerous provision that the granting of a 
Provisional Order or Licence to any undertaking to 
supply within a given area did not in any way hinder or 
restrict the granting of a Licence or Provisional Order 
to any other company or person within the same area. 
There is a well-authenticated case where in some of 
the London streets two competing companies were 
laying cables at one and the same time. 

Until the passing of the 1909 Act, it was competent 
for any person to supply electricity without the authority 
of a Licence or Provisional Order. 

It has to be borne in mind that the Electric Lighting 
Acts of 1882 to 1888 were passed at a time when, as 
the name of the Acts implies, electricity was used 
principally, if not exclusively, for lighting. Its potential 
use as a motive power was at that time known only 
to the scientist and the laboratory student. 

Following the deliberations of the Joint Select Com- 
mittee of the House of Lords and House of Commons, 
appointed in 1898 under the presidency of Lord Cross, 
facilities more in keeping with the development and 
application of electric motive power to industry were 
granted in several private Acts. The concessionaires 
were granted powers in perpetuity, and in this respect 
enjoyed a privilege denied to undertakings working a 
Provisional Order. In other respects concerns working 
under private Acts were placed under onerous conditions. 
Their Bills were hotly contested in their passage through 
Parliament, and opposition was often appeased only by 
conceding protective clauses in favour of local authorities 
and others anxious to conserve their rights. 

The onerous and repressive conditions contained in 
the early Acts did much to arrest and hinder develop- 
ment. While some of these have been modified, many 
still remain. A word of commendation, however, must 
be given for the provision made for the annual publication 
of undertakers’ accounts. This has been productive 
of much good, especially the publication by the technical 
Press of accounts giving summarized comparative costs 
as between one undertaking and another. These 
comparative statements have played an important part 
in fostering wholesome competition between managerial 
staffs employed throughout the industry, disclosing as 
they do both the strength and the weakness of the 
several plants, and bringing out clearly their possibilities 
and limitations. 

The Electric Lighting Act, 1909, conferred wider 
facilities to electric undertakings, giving them power 
to break up streets outside their area of supply for the 
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purpose of enabling electricity to be brought within 
reach of outlying districts. Such powers were granted 
by Provisional Order by the Board of Trade with the 
consent of the local authority, or without such consent 


where circumstances seemed to warrant such a course.’ 


In cases where the local authority withheld consent, 
the Board of Trade was under statutory obligation to 
make a special report to Parliament stating the ground 
upon which they had dispensed with their consent. 
This 1909 Act also dealt with such matters as the giving 
of bulk supplies to railways, tramways and canals 
partly outside the area of supply. One detects the 
restraining hand of parochialism and restricted outlook 
permeating the whole measure. During the war of 
1914-18 events began to shape themselves in the 
direction of a drastic revision of our whole system. In 
1916 the Board of Trade issued a memorandum urging 
undertakers to link up with one another in the national 
interest in order to reduce the consumption of fuel and 
economize labour. Owing to the great diversity of 
systems, many concerns were unable to co-operate, 
such a course being either technically impracticable or 
financially prohibitive. - 

The findings of the Coal Conservation Sub-Committee 
oí the Reconstruction Committee and of the Electric 
Power Supply Committee, under the Chairmanship of 
Sir Archibald Williamson, Bart., M.P. (now Lord Forres), 
went to confirm the unsatisfactory legal and engineering 
position of the supply industry. The terms of reference 
to the Electric Power Supply Committee were ‘‘ to 
consider and report what steps should be taken, whether 
by legislation or otherwise, to ensure that there shall be 
an adequate and economical supply of electric power 
for all classes of consumers in the United Kingdom, 
particularly industries which depend upon cheap supply 
of power for their development.” The Report of this 
Committee is a very lucid statement of the then existing 
conditions of theindustry. It emphasizes its limitations, 
while its recommendations reflect the thorougliness of 
its investigations. Those relating to overhead lines and 
wayleaves are particularly worthy of study. 

They constitute a pointed indictment of the legislative 
restrictions hampering development by means of over- 
head transmission lines, but they do not include all the 
vexatious and restrictive provisions encumbering pro- 
cedure, and it seems a pity that so many of these still 
call for redress. 

This Committee issued their Report in 1918 and its 
findings were in the main incorporated with the Elec- 
tricity (Supply) Bill introduced into Parliament in 1919. 
The Bill provided for the setting up of District Elec- 
tricity Boards with compulsory powers of purchase, 
but in its passage through the Upper House it was 
subjected to drastic revision. Among other amend- 
ments was included provision, where necessary, for the 
setting up of Joint Electricity Authorities with powers 
to purchase generating stations and main transmission 
lines by agreement. These amendments in effect con- 
verted the measure into a permissive Bill and gave full 
rein to the parochial spirit to which I have already 
referred. Nevertheless the 1919 Act marks an important 
stage in our national electrical development. Its main 
object is to secure, in the public interest, efficiency 


and economy in the generation and distribution of 
electrical energy. It provides for the establishment of 
separate electricity districts and gives a scheme for the 
improvement of the organization for the supply of 
electricity within these districts. As has already been 
shown, prior to its enactment undertakers obtained 
powers under the Electric Lighting Acts either by 
Licence or Provisional Order granted by the Board of 
Trade, subject to such Licences or Orders being confirmed 
by Parliament. Under the 1919 Act such powers are 
only obtainable either by special Act or by special Order 
made by the Electricity Commissioners—a body created 


, by the new measure—confirmed by the Minister of 


Transport and subject finally to approval by resolution 
passed through both Houses of Parliament. It became 
unlawful to establish a new or extend an existing 


- generating station or new transmission line without the 
- consent of the Commissioners. 


The object of placing 
an embargo on all new development was to ensure that 
the Commissioners should not be hindered by the 
extension of existing plant, and that new development 
should follow well-defined and predetermined plans. 
The limitations of the 1919 Act were redressed in large 
measure by the passing of the Electricity (Supply) Act 
of 1922. These two measures completely recast the 
whole procedure in connection with public electricity 
supply. Their main provisions are :— 


(2) The appointment of Electricity Commissioners 
responsible for promoting, regulating and super- 
vising the supply of electricity (Section 1, 1919). 

(b) The transfer to the Minister of Transport of all 
the powers and duties previously vested in the 
Board of Trade (Section 39, 1919). 

(c) The setting up of electricity districts, the improve- 
ment of existing organization therein, and the 
setting up of Joint Electricity Authorities 
(Sections 5 to 8, 1919). | 

(d) That Joint Electricity Authorities may borrow 
money, and that authorized undertakers may 
assist such Authorities financially (Sections 
1 to 5, 1922). | 

(e) That authorized undertakers may transfer or lease 
their undertakings in whole or part to Joint — 
Electricity Authorities (Sections 6, 9 and 13, 
1919, and Section 6, 1922). 


Vested in the Electricity Commissioners and the 
Minister of Transport is the unification and control of 
an industry greatly in need of unification. Whilst 
undoubtedly many undertakings, both municipal and 
corapany-owned, are well designed, capably managed 
and eminently successful, these for the most part operate 
solely for the benefit of limited areas and were never 
intended to link up, except by absorption, with the 
works of other undertakings. 

Public supplies for this country are given from 541 
generating stations representing a medley of direct- 
current plants of varying voltage, and of alternating- 
current plants of still greater diversity of voltage and 
frequency. Every city and town of any pretensions 
has its own undertaking, and in some cases more than one. 

It may yet prove that the delay in standardizing 
systems of generation and distribution is not a disad- 
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vantage. 


mediocrity, and I believe we have been saved from that 


N othing is to Be: gained: by tanda 


misfortune. The hard school of experience has taught 
undertakers to discard many systems and types of plant, 
but now well-defined standards and types have been 
reached, and these are generally accepted by users and 
manufacturers alike. 

The problem set to the Electricity Commissioners was 
one of great difficulty and great responsibility. To begin 
with, it required a frank recognition of the fact that for 
over 40 years this country had been working on wrong 
lines, and that, to put matters right, the wholesale 
scrapping of inefficient plants and the complete recast- 
ing of our whole distributing system were involved. 
It is little to be wondered at that the initial pro- 
gress towards unification was slow. It is one thing 
to envisage the path of progress and development 
and another and more difficult matter to reconcile 
the conflicting interests of supply undertakings which 
have expended large sums of money on their own 
schemes and created financial Purdens of considerable 
magnitude. . 

A Committee consisting of Lord Forres, Sir S. Hardman 
Lever, and Lord Weir (Chairman), with Sir John Snell 
as technical adviser, was appointed in 1925 ‘‘ to review 
the national problem of the supply of electrical energy, 
and to present a report on the broad lines of policy 
which should be adopted to secure its most efficient and 
effective devélopment.’’ The setting up of this Com- 
mittee was a frank acknowledgment that all was not 
yet well witb the industry: The Committee had the 
advantage of the labours of the earlier Committees, 
notably that of the Electric Power Supply Committee 
to which reference has already been made, and the 
further advantage of the labours of the Electricity 
Commissioners extending over a period of five years. 
The findings of this Committee are of the utmost import- 
ance, It recognizes the great potential value of this 
country for the production and distribution of cheap 
electrical energy, the then inadequate powers of the 
Electricity Commissioners, and the importance of 
generation from large power stations favourably situated, 
operating at the highest obtainable load factor, and 
interconnected with one another. Section 20 of this 
Report gives at once a complete and lucid diagnosis of 
the trouble, and the rest of the Report is a prescription 
of the remedial measures required. 

There is no need to enter into the details of this 
remarkable Report. Suffice it to state that its broad 
lines are now adopted in the Electricity (Supply) Act, 
1926. This Act primarily aims at creating the necessary 
machinery for making electricity a national service 
regardless of all existing geographical limitations, the 
retention of all that accords with accepted modern 
practice, and the ruthless suppression of inefficient plants 
run by undertakings the solvency of which can only 
be supported by prohibitive tariffs. 

It is not surprising that many supply undertakings 
saw in the Bill the writing on the wall. In Committee, 
it met with much of that destructive criticism which 
darkens counsel and, but for this, many of its provisions 
could and probably would have been improved. 

The essence of the scheme proposed is the complete 


- and distributes over any area requiring it. ` 


interconnection of the principal generating stations, 


the provision of national interconnecting lines, the 
setting up of a Central Electricity Board having power 
to buy, sell and, in special circumstances, generate 
electrical energy, to create stock and borrow money up 


to a limit of 334 millions, to break up roads, railways 


and tramways and erect overhead lines as required for 
transmission schemes, and to set up a consultative 
engineering committee comprised of engineers and 


. managers of selected generating stations. 


The Central Electricity Board is empowered to 
purchase electrical energy at cost price from authorized 
undertakers operating selected stations, and to sell it 
again in bulk to authorized undertakers. The Board 
buys where electrical energy is generated most cheaply, 
It erects the 
main transmission lines required to link up the selected 
stations and the subsidiary lines necessary to promote 
new development. The Board, not being a Government 
department, is not, strictly speaking, answerable to 
Parliament, a fact which keeps it immune from political 
** wire-pulling.’’ Only in very special circumstances 
may the Board itself acquire generating stations, 
for example when the owners refuse to enter into 
arrangements for working or to carry out extensions, 
and only then when no other undertaker can be found 
to operate the station. It may not even erect new - 
stations until the Commissioners have been satisfied 
that no other body can be found to undertake the work. 

From this it is seen that, although the Board has 
very wide powers as a system control authority, the 
rights of existing undertakers are very fully conserved. 
With the passing of the Act, it became the duty of the 
Electricity Commissioners to prepare a scheme for 
submission to the Central Electricity Board relating 
to the selected areas dealing with (1) the determining 
of selected stations, (2) the provision of interconnection 
by means of main transmission lines to be constructed 
or acquired by the Board, (3) the standardization of 
frequency, (4) the making of temporary arrangements 
for carrying out the scheme, and (5) such contingent 
provisions as may be necessary or expedient for any of 
the foregoing. 

The scheme applicable to Central Scotland and adopted 
by the Central Electricity Board has already been 
published. It applies to an area of approximately 5 000 
square miles with a population of 33 millions, and 
extends in an oblique line across Scotland from the south- 
west boundary of Ayrshire to a little beyond Glenesk in 
Forfarshire. It thus embraces the whole of the principal 
industrial shipbuilding and coalfield areas. The 
selected stations number 10 and comprise the municipal 
stations at Dalmarnock, Edinburgh and Dundee, the 
Clyde Valley Electrical Power Co.’s two power stations 
at Clyde’s Mill and Yoker, and their two hydro-electric 
stations at Lanark, together with the Ayrshire Joint 
Electricity Board station at Kilmarnock, the Scottish 
Central Power Co.’s Works at Bonnybridge, and the 
power station at Dunfermline. The transmission lines 
provided are to work at 132000 volts, with secondary 
transmission lines operating at 33000 volts. The two 
principal undertakers are the Glasgow Corporation 
Electricity Department and the Clyde Valley Electrical 
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Power Co., both of which are operating at the non- 
standard frequency of 25 cycles and have therefore to 
make arrangements for changing over the whole of their 
plant and connections to suit 50-cycle distribution, this 
frequency being the standard adopted for the whole 
country. . The consumers affected by this change of 
frequency have no reason to object to it. In many 
cases it means new plant for old, without any outlay 
on their part. The first cost of the change-over is borne 
by the Central Electricity Board by loan granted for that 
special purpose, and the interest and repayment charges 
on this loan are charges on the industry as a whole. 

Just as it is an advantage in a power station having 

several units, some of earlier and some of more modern 
design and construction, to run the more economical 
sets at the Mighest possible load factor, leaving the 
short-duration peak demands to be handled by the older 
and less efficient units, so in this new scheme the inten- 
tion is to allow highly efficient selected stations to 
generate the “ high load-factor ” load and leave to the 
less-important plants the duty of meeting the peak 
demands. 
- The proposal to use a working pressure of 132 000 
volts for the main transmission lines is a radical departure 
from existing practice in this country. At the present 
time no line in this country is in regular operation at a 
higher pressure than 66 000 volts. The Commissioners’ 
proposals have doubtless been influenced by the success 
of these super-pressure lines abroad. Hitherto our 
cable manufacturers have been able to keep pace with 
the requirements of our transmission schemes, but 
this new departure leaves them far behind. The trans- 
mission system under the ,Central Scotland Scheme 
extends over a route length of 228 miles. 

Apropos of the use of super-pressure cables, there is an 
interesting note in the supplementary particulars of the 
newly published scheme applicable to South-East 
England, which is as follows :—“* Careful inquiries have 
been made as to the use of existing 66 000-volt single-core 
cables in Paris, and of 132 000-volt single-core cables 
laid by the Commonwealth Edison Co. at Chicago and 
elsewhere, as the employment of higher-voltage cables 
for certain of the main interconnecting lines within the 
London area would effect a considerable reduction in 
the estimated cost of the Board's transmission system. 
The further experience which will be gained between the 
present date and the time when the Board will issue its 
specifications for certain of these lines will, it is hoped, 
enable the Board without undue risk to adopt a higher- 
voltage cable system.” 

1t will be seen that the new Act postulates a great 
national development of our trunk distribution system 
by means of overhead transmission lines, but if progress 
is to be made the whole procedure governing the erection 
of transmission lines stands in need of drastic revision. 
The suggestion contained in the Williamson report that 
the Electricity Commissioners be granted power to 
authorize the placing of electric lines over, under or 
across any private land, and that the compensation 
should be assessed by arbitration after the work has been 
done, is thoroughly sound. It is intolerable, for example, 
that a landowner should put the interests of his shooting 
tenant before those of the State. 


The right at present enjoyed by the Minister of 
Transport to review the permission to erect an overhead 
line after five years surely marks the negation of all 
progressive development. Again, the right claimed by 
the Post Office, when. they are second-comers on the 
ground, to exact a payment from an undertaking is 
surely most inequitable. What other industry comes 
under such an anomalous condition ? 

Has not the time arrived when the Commissioners 
might approve typical constructional plans for trans- 
mission lines up to, say, 33 000 volts ?, This would save 
the time of undertakers in waiting consideration and 
approval of every line notified, a procedure which would 
only be justified if the methods of construction were 
novel or unfamiliar. 

It is interesting to note that the two hydro-electric 
stations form part of the potential water schemes dealt 
with in the Water Power Resources Committee’s Report 
published in 1921, and that the plant in these stations 
is on the eve of completion. 

The Falls of Clyde hydro-electric scheme is the largest 
in this country of its kind to be devoted to public 
electricity supply, and a brief reference to it may prove 
of interest. Along with a number of other schemes 
the project was surveyed in broad outline by Mr. Walter 
C. Coles, and Mr. A. G. Ingham of the staff of the 
Board of Agriculture. It provides for two power 
stations—one at Bonnington handling the combined 
energy of the Bonnington and Corra Linn Falls, and 
the other at Stonebyres, which harnesses the energy 
of the Stonebyres Falls. A Bill was promoted by the 
Lanarkshire Hydro-electric Power Co., but, after lengthy 
negotiations with the promoters, the Clyde Valley 
Electrical Power Co. reached an agreement with them 
and assumed control of the Bill, which received the 
Royal Assent in 1924. The chief interest in this scheme 
lies in the fact that it makes use of the waters of the 
River Clyde in an unregulated state. The catchment 
area is 385 square miles, with an average rainfall of 
43in. per annum. The working head at Bonnington 
power station is 190 ft., while that at Stonebyres is 97 it. 
The arrangements for both schemes are similar and 
differ only in points of detail. 

At the intake works there is a three-span automatic 
tilting weir, which maintains the river-level within 
specified limits. The head bays or surge tanks com- 
municate with the intake works by means of aqueducts 
piercing the intervening hill sides, and mild-steel pipe 
lines 6 ft. 6in. in diameter convey the water to the 
hydro-electric plant. Each plant unit consists or a 
vertical shaft inward-flow reaction turbine direct- 
coupled to a 25-cycle 11 000-volt alternator and is pro- 
vided with an automatic governor which maintains 
within very narrow limits a speed of 375 r.p.m. 

The output of the combined plants, which consist of 
two units in each station, is 15520 kW. The entire 
output is fed direct into the Clyde Valley Co.’s 11 000- 
volt network through booster transformers and overhead 
transmission lines. 

The cost of the two hydro-electric generating equip- 
ments, including the purchase price of land and water 
rights, buildings and plant, is about £27 per kW of 
installed plant. 


The transmission lines have been carried across several 
private estates under wayleaves negotiated with the 
proprietors, and it is a tribute to their broad and 
enlightened outlook that they have given every facility 
not only for the erection of the lines upon their designed 
routes, but also for the cutting down of growing timber 
threatening the continuity of supply. In the few iso- 
lated cases where trouble was experienced in arranging 
wayleaves, these difficulties yielded to friendly negotia- 
tions and without recourse to the cumbersome procedure 
prescribed in the Electricity Supply Acts, a procedure, 
I may add, which not only puts a premium on obstruction 
but causes vexatious delay and expense. 

This scheme is amongst the first of the surveyed 
projects to be translated into practical application, and 
gives fair promise of yielding the results expected. 

When one reflects that the bathymetrical surveys of 
our Scottish lochs have been carried out in great detail 
by competent engineers, there is every reason to believe 
that the calculated results published in the final Report 
of the Water Power Resources Committee can be 
secured if and when these schemes are put in hand. 

The Weir Report emphasizes the importance of the 
Board having power to purchase energy from all economic 
sources, and draws attention to the utilization of waste 
heat and water power. : 

Whilst the energy available from waste-heat service is 
widely variable, reaching a maximum in times of good 
trade and its minimum during periods of industrial 
strife, that from our water-power resources stands in 
a different category. As shown in the Water Power 
Resources Committee’s Report, there is in Britain the 
equivalent of 270 000 kW of continuous output, and of 
this about 200 000 kW is available in Scotland. 

I should like to enter a plea for the fuller utilization of 
our Scottish water power. The Board alone has the 
requisite authority to build transmission lines irrespective 
of all geographical boundaries, and to extend supplies 
to districts hitherto beyond the reach of present develop- 
ment. | 

One of the great obstacles in the way of adapting 
water-power schemes for public electricity supply 
purposes has been the necessity for providing against 
drought conditions by the erection of storage dams or 
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the provision of stand-by plant. The erection of a 
national system of transmission lines will materially 
alter the conditions in favour of water-power develop- 
ment. 

In the development of these Scottish resources we 
have, I think, the key to the revival of our Highlands 
by stimulating agriculture and industry. For years the 
depopulation of these’parts has been going on unchecked, 
there being no future for the young people save migration 
to the towns or to the Dominions. Large tracts of 
land are lying water-logged and sour, and much of the 
arable land is of poor quality, yielding only the barest 
subsistence as a return for arduous toil in its cultivation. 
Much has been done abroad, notably in Denmark, for 
the reclamation of heath lands. Such land would 
require ploughing, cultivation, liming, manuring and 
pumping, and if electric power were available it would 
greatly facilitate this work in addition to stimulating 
Highland industries. Let us not forget the debt we 
owe as a nation to the Highlands of Scotland—the 
cradle of our Christian civilization. 

We can ill afford to waste our national resources— 
still less can we afford to waste our man-power. Noone, 
I feel sure, wishes to place a restriction on the legitimate 
aspirations of youth, but I do feel that it is a national 
reproach that so many should leave our shores because 
we can offer them no outlet here for their labour. 

Let me in conclusion address a word to our Students. 
Whilst the restriction of generation to a limited number 
of selected stations will diminish the demand for power 
station engineers, there will undoubtedly be an increased 
demand for young men to control the distribution of 
electrical energy and to serve on the sales or develop- 
ment staff, for, after all, production cost can only be 
reduced through intensive development. The industry 
must look to you Students to bring to it that knowledge 
of transmission technique and business enterprise that 
will ensure the efficient operation of this great national 
service. The engineer who can speak fluently and at 
the same time think clearly is destined to fill the more 
responsible and lucrative positions. This Institution 
offers you the facilities you require to cultivate these 
desirable qualities, and your Chairman invites you to 
take full advantage of them during his term of office. 
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| By W. Witson, M.Sc., B.E., Member. 
“THE IMPORTANCE OF PSYCHOLOGY IN ENGINEERING PROGRESS.” 


(Address delivered at BIRMINGHAM, 12th October, 1927.) 


It may be asked why a study of the mental character- 
istics of mankind should be of service to technical men. 
Such a subject may no doubt interest commercial 
engineers, whose dealings are primarily with human 
beings, but that it should also matter to those concerned 
. with the design of electrical apparatus may need a little 
explanation. I have ventured to bring this subject 
before your notice in this address because I am convinced 
that psychology has a more intimate bearing on design 
than is generally realized in this country, and that a 


recognition of this fact would be to the advantage of' 


our industry. 

At the joint discussion that was held three sessions 
ago in Birmingham between members of the Institutions 
of Civil, Mechanical and Electrical Engineers, upon the 
lessons to be derived from the first World Power Con- 
ference, a number of valuable conclusions were drawn, 
summarizing the more significant portions of the wealth 
of technical matter presented at Wembley. As a 
participant at that Conference I came away particularly 


impressed with one aspect, which I was at first a little 
surprised to find was not greatly stressed by any of the ' 


speakers at our own discussion. It then occurred to me 
that, having spent much of my time abroad, I was 
looking at things from a rather unusual point of view, 
which was, however, worthy of cultivation in the present 
situation of British industry. This observation has 
prompted the present remarks, and I propose to give 
my reasons for venturing to think that the psychological 
aspect of the Conference was productive of more useful 
lessons to insular designers than the purely technical 
questions when considered solely in themselves. 

In one outstanding respect the first World Power 
Conference was a unique achievement. In general, it 
consisted of a gathering of eminent engineers and 
business men concerned with power supply, who stated 
their views upon both the broad principles and the 
attendant details of that subject. As such, the Con- 
ference was no doubt unusual in its scope, which included 
research, banking and labour, as well as questions 
dealing with civil, mechanical and electrical engineering. 

But the feature that gave it special significance was 
the fact that this wide syllabus was dealt with by so 
great a variety of men. In the one place and on the 
same occasion we had an opportunity of hearing the 
principal technical and administrat:ve problems in 
connection with our work put before us by engineers 
drawn from all the civilized races of the world. There 
were men of widely different tastes and education, 
living and working among widely different conditions 
and in widely different environments. There were men 


from small countries and from big, from thickly populated 
regions and the reverse, and from varying climates and 
latitudes. Even if we were not, as an exporting nation, 
concerned with the people themselves, the different 
solutions found for the various problems, and the means 
for coping with the unusual conditions encountered 
abroad, would still be of direct value to us, especially 
when these points are considered in connection with the 
characteristics of the people and regions producing them. 
But as an exporting nation we are vitally concerned 
with the engineers of other countries for whom we desire 
to design and manufacture electrical equipment, and we 
have failed in the past to find adequate markets, solely 
because we were lacking in knowledge of our prospective 
customers. I maintain, therefore, that this Conference 
was an unexampled opportunity of studying the per- 
sonalities of our fellow engineers from abroad, and that 
the most valuable lessons were those to be drawn from 
such a study. 

I have employed the word “insular ” to convey the 
simple meaning of people living upon an island. Now 
an insular people may be broadly defined as one that 
has no next-door neighbours. Whereas any particular 
continental nation always includes a considerable section, 
especially in the vicinity of the frontiers, who are brought 
into intimate contact with people of a different race, 
beside whom they have to exist and with whom they 
have to transact business, island dwellers are spared 
these requirements. The result is that while the ability 
to understand and deal with foreigners is essential to 
continentals and is necessarily possessed by them, 
islanders do not need this faculty. Not only, therefore, 
are the latter usually wanting in an aptitude for appre- 
ciating a foreigner's point of view, but they often scarcely 
realize that another point of view than their own exists. 
Other things being equal, then, an islander is less adapted 
for fulfilling the wants of outside nations than a con- 
tinental, and this applies both to design and commerce. 

That this disability has been operating in our own 
case is only too evident to those who have visited our 
distant customers, and many instances of the loss of 
valuable business due to this cause have been given in 
the past without receiving any great degree of attention. 
It is becoming more and more evident that no considera- 
tion that can hamper our overseas trade must be neg- 
lected, and this will serve as a justification for the 
quoting of three examples of the loss of business 
resulting from the cause described. As far as I have 
been able to discover, they are all authentic, while the 
last came within my own experience. They have been 
selected because of their simplicity, in that each case 
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called for a straightforward modification in design, 
which would not have involved: any appreciable com- 
plication or additional expense, but was refused owing 
to sheer inability to understand the purchaser’s point 
of view. Pu 

In the first case, an inquiry was received from a 
South American buyer for needles, and it was requested 
that they should be supplied in red packets. Now the 
packets used in this country are always black; and as 
the manufacturers saw no reason why their standard 


practice should be violated over a mere question of 


colour, the request was disregarded. It seems not 
to have been considered that in another hemisphere, in 
another climate and among a people belonging to 
another civilization these colours, red and black, might 
have a much greater significance than in England. At 
all events, a Continental firm was prepared to adapt its 
methods to the required extent and secured the order 
and the subsequent trade. 

In the second case, a large Chinese order for crockery 
included a supply of egg-cups, and it was emphasized 
that those previously sent were much too large, and 
it was requested that further models should be made 
of a certain reduced diameter. No such allegation 
had ever previously been made regarding the egg-cups 
of the old-established firm to whom the order was 
offered, and they refused to make the change. Now, 
Asia is the original home of the domestic fowl, and 
the Asiatic breeds are consequently more rudimentary 
and therefore much smaller than in the case of the 
highly cultivated European varieties. Their diminu- 
tive eggs were almost lost to sight in the standard 
cups, and there was thus an excellent reason behind 
the request. Whether this reason was sought for by 
the Continental manufacturer who captured the trade, 
or whether he complied on general principles, I do not 
know; but the business was at all events effectively 
lost to this country. 

The third instance concerns us as electrical engineers 
more intimately. A power supply authority in a certain 
British Dominion organized an e.h.t. transmission 
scheme early in the present century, and standardized 
the voltages of 230 and 400 for lighting.and power 
distribution respectively. Inquiries were then sent out 
for 400-volt a.c. motors. At that time this was not a 
standard voltage in this country, and most of the 
British manufacturers refused to supply unless the 
standard were altered to 440 or 460 volts. The foreign 
firms were willing to comply with the specification and, 
except for the goods of one British maker, secured all 
the trade. This one firm was willing to meet the wishes 
of the purchasers to some extent, and went to the 
trouble of fitting special 400-vo]t name-plates to their 
standard 440-volt motors! As a result of the pre- 
ponderance of foreign supplies at that time, the outside 
firms were able to establish themselves, and it was not 
until the years following the war that our manufacturers 
were able to recover some of the business which was lost 
in this manner. | 

Now it is evident that the tendency exhibited in 
the above examples is a disastrous one, and it is worth 
while analysing the reason for it. There is no doubt 
that this is to be found in a wrong appreciation of the 


weight, common sense, authoritativeness, qualifications, 
or—to put it in a nutshell—the psychology of the man 
at the other end. Judged through the medium of the 
written word, he has in each case been considered to 
be making frivolous demands and his representations 
have been disregarded. Such mistakes will continue 
to be made until the cause has been removed, and hence 
there is the strongest reason why every opportunity 
should be taken of becoming acquainted with those 
with whom we hope to have dealings abroad. 

Without some form of personal contact, present con- 
ditions are such as to produce a wrong impression of 
distant countries. Literature, both as regards fiction 
and history, concentrates largely upon the warfare and 
domestic troubles of distant nations, and the unthinking 
might conclude that they are quarrelsome and unversed 
in the arts and sciences. The Dominions are most 
frequently pictured at the stage of their early settle- , 
ment, and the resulting impression may well be one of 
primitiveness and crudity. That these ideas are false 
need not be stated, but we should do well to see the right 
side of the picture when opportunity arises. 

The several ways whereby effective contact is made 
with engineers belonging to other countries are by visits, 
both organized and individual, to the overseas countries 
themselves, similar visits on their part to this country, 
and the establishment of influential branches or agencies 
in them, in charge of qualified engineers who are per- 
sonally known to the principals. It should be agreed 
from what has been said earlier that those living on an 
island should go abroad more often than others, but 
actually visits in the other direction would seem to have 
been the more frequent in the past. This is unfortunate, 
since the impressions formed concerning an overseas 
visitor to our own country are not so informative as 
might be thought. For one thing, he is being studied 
away from his environment, while he is conforming as 
closely as he can to our own characteristics and customs. 
When he is at home, on the other hand, it is possible to 
become acquainted not only with the psychology of the 
individual but also with the local conditions which are 


_ partly the cause and partly the result of this psychology. 


As regards representation abroad, this was a matter 
that was frequently arranged most ineffectively on the 
part of British firms before the war, especially as com- 
pared with that of the foreign manufacturers. The 
electrical industry was no exception to the rule, but as 
things are now being done much better no further 


: remarks will be made on this head. 


The sending and the interchange of technical delega- 
tions are fortunately becoming more common nowadays, 
and a few comments on the expedition under Sir 
Archibald Boyd Carpenter, M.P., which was carrying 
out its investigation in Australasia during last July, 
may not be out of place. The decision to send this 
delegation to almost the whole of the overseas Dominions 
was announced at a Board of Trade Conference early 
in the present year by the representatives of the auto- 
mobile industry. Now it is not going too far to describe 
the British motor-car as a wonderful product, both in 
design and manufacture, Its production and rapid 
development in accordance with the best traditions of 
British engineering, and that in the face of frequent 
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discouragements, can ohly stimulate our admiration 
as members of a sister branch of the profession. But 
from about 1906 until the past year or two the export 
trade was largely in the hands of foreign makers, solely 
because of our refusal to modify even slightly an 
apparatus designed to suit the psychology and con- 
ditions of the British Isles. 

Actually, there are quite a number of circumstances 
that should dictate small but highly desirable changes 
in the design of a motor vehicle. The size of the 
radiator, for example, should have some relationship to 
the ambient temperature. In a sparsely populated 
country, again, any car may be called upon to travel 
for a portion of its journey over a track characterized 
by deep ruts, occasional rocky projections, or deep mud 
or snow, requiring a vehicle with a good under-body 
clearance and a standard wheel-gauge. Our response to 
forcible representations on these and other heads in the 
past has been a negative one, probably coupled with 
the opinion that the customers should improve their 
roads, and then we could do business. Not only is this 
last proposal financially impossible, but such a stand- 
point is far from being adopted by the foreign supplier, 
who has, as in other instances, captured the trade. 

In contrast with the older policy, it is pleasing to 
dwell upon the recent change that has taken place in our 
attitude, and in particular upon the work of the present 
delegation, who have not only been making the acquaint- 
ance of the men overseas, but have been actually driving 
British cars over thousands of miles of typical local 
roads, and thus coming into very intimate contact with 
local conditions. With such methods in use for securing 
data for design, we can look forward to the future with 
confidence. It is a sad reflection, however, that over 
20 wasted years were permitted to go by before the 
correct data were accepted. 

It may here be objected that I am wandering wide 
of my subject, which is supposed to be psychology, and 
not local conditions. What has been said is in order, 
however, for, in the first place, local conditions are at 
any rate partly the result of the psychology of the 
inhabitants, and in the second, a better knowledge of 
the engineers abroad would have brought the correct 
result at the outset, without the long time-lag prior to 
the sending of the delegation. 

It is natural for a manufacturer to feel himself 
superior to most purchasers as regards familiarity with 
the design and construction of the product. The latter 
is his life’s work, to which he has devoted the whole of 
his attention and his energies, and he may be pardoned 
for feeling that he can advise the client as to the qualities 
required. His knowledge of the man with whom he is 
dealing will, however, guide him as to how much advice 
to offer, while he will probably know that in dealing 
with some purchasing engineers he will be able to receive 
a considerable amount of information, which is especially 
valuable as it represents the user’s point of view. The 
decision as to when to instruct and when to learn is the 
vital point in these negotiations, and can only be made 
in the case of distant correspondents with the aid of a 
knowledge of their psychology. 

It will therefore be seen why I consider that the 
World Power Conference of 1924 was a unique oppor- 


tunity of gleaning information vital to our success as a 
manufacturing nation; for we were able to study at 
close quarters, and in comparison with one another, 
typical and eminent representatives of our fellow 
engineers from all over the globe. We were able not 
only to learn their methods in comparison with our own 
but to become familiar with their characteristics and 
those of their countries without the great trouble of 
travelling ourselves. Time will not permit of a detailed 
consideration of the many deductions to be drawn, but 
a few may be quoted that more nearly bear upon the 
subject of this address. 

One's first impression was with regard to the magnitude 
of the interest that was being taken in engineering in 
other countries. This was evidenced by the great 
number of delegates from abroad, by their keenness, 
their knowledge of their subjects, and the nature of the 
enterprises they described. Whatever may have been 


_the case in the past, it is a risky course to look upon 


any foreign engineer’s opinion as of minor importance 
unless we have definite information to the contrary. 

Secondly, the engineering achievements of small 
countries were often remarkable. Not only were their 
engineers capable of planning and carrying out extensive 
and intricate engineering enterprises, but in some cases 
they had instituted large manufacturing establishments, 
turning out products of advanced design, requiring a 
high degree of technical knowledge, inventive skill 
and administrative talent. 

Thirdly, technical education abroad has reached a 
high standard and is being provided with a freedom that 
may even compare favourably with our own. Valuable 
engineering research work is being carried out in over- 
seas educational institutions, for example in Canada 
and Japan, which is capable of ranking with what is 
done in this country. 

Fourthly, the standard of technical attainment and 
of organizing ability in the overseas Dominions is of a 
high order. It is especially important that a proper 
understanding should exist as far as they are concerned, 
if only that to-day they form our best markets. But 
in addition to this, their psychology is broadly that of 
ourselves, and it should be possible for us to derive 
profitable information from schemes which they have 


built up to suit their own conditions. In dealing with 


the Dominions, it should be realized that the inhabitants 
have been bred and reared under conditions that en- 
courage initiative, co-operation, enthusiasm, and an 
open mind. The existence of often tremendous natural 
obstacles has served as a stimulus, and the need of 
overcoming them has inculcated an appreciation of 
the value of careful organization and study. Their 
opinions should therefore not be lightly disregarded. 
To these characteristics should be added a high degree 
of patriotism to the British Crown, bringing with it a 
genuine desire to do business with our manufacturers 
in preference to those of other countries, even at a 
certain financial sacrifice. 

A fifth observation made at the Conference was that 
nearly every country employing electric power to any 
considerable extent had at some time during the past 
15 years been engaged in organizing its power supply 
on a national basis, and that the schemes adopted 
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varied according to the psychology of the particular 
country. In some cases it was effected by co-ordination 
among private companies. In others, the whole of the 
organization was supplied by the central Government ; 
while in others it was provided jointly by the Govern- 
ment and by local bodies, functioning as wholesalers 
and retailers respectively. In other respects, both as 
regards policy and organization, the schemes differed ; 
but in all cases where they had been carried into effect 
_the proceedings had been justified by the improved 
economy of working. Especially was this so with regard 
to the greatly increased load factor, which stood out 
as the most necessary condition for an economical supply 
of power. 

Finally, there is undoubtedly some factor which 
renders it easier for many overseas countries than for 
ourselves to adopt such obviously beneficial develop- 
ments as the organization of power supply, the appli- 
cation ‘of electricity to the farming industry, and the 
like. In one instance after another it was evident that 
other countries had for years been practising improve- 
ments of the most valuable nature that were still either 
unknown here or were being described as impracticable 
by our spokesmen. The reason cannot be found in the 
existence of more favourable conditions abroad, for in 
many cases the countries concerned were small and 
distinctly lacking in important natural and technical 
facilities which we enjoy. It would therefore seem that 
the study of our own psychology may be instrumental 
in directly accelerating our own rate of progress. 

In my opinion this disabilityis due, not, as is commonly 
supposed, to an inborn conservatism, but to a habit of 
mind engendered by the exaggerated system of party 
government in vogue in this country, to which we are 
made accustomed at every turn. The practice of forming 
one's conclusions first and then selecting arguments to 
support them, and especially that of opposing the efforts 
and proposals of others as a matter of course and without 
examining the circumstances from every rational point 
of view, may possibly give good results in national or 
local politics. But once we have become familiar with 
these tactics in the one field it is inevitable that they 
shall be applied in others unless effective precautions 
be taken to the contrary; and whatever may be the 
justification for them in the process of government, 
their effect is nothing short of calamitous in connection 
with industry, and especially engineering. 

The result of such a habit of mind is that when a 
proposal is made of a sufficiently novel or far-reaching 
nature, almost the whole of those likely to be affected 
form themselves automatically into an opposition party 
and unite in decrying the proposal and its author. 
There are innumerable instances of schemes and inven- 
tions that have in the end brought about great and 
undoubted improvements, which when originally pro- 
posed have attracted for their originators not merely 
indifference, but a degree of vituperation in keeping 
with the unwholesome traditions of political controversy. 


In order, therefore, that an innovator may secure the 


adoption of his idea, he must possess not only the 
valuable qualities that enable him to arrive at the 
original conception, but in addition a further set of 
qualities to enable him to withstand and overcome the 


totally unnecessary opposition to which he will be 
subjected. The disquieting thought obtrudes itself 
that these latter characteristics, which must include a 
tough skin, an unbounded self-confidence, a high degree 
of persistence, and probably also robust helath, may not 
be possessed by more than one in ten of our inventors, 
with the result that 90 per cent of the proposals that 
should go to make our industries flourishing may be 
more or less wantonly neglected. 

A study of history will only strengthen this fear. 
The development of the steam locomotive, to quote a 
single instance, is a proceeding which has been pro- 
ductive of the most beneficial results for the engineering 
profession, our industries and the national welfare. 
It was accomplished by George Stephenson in the face 
of the most positive discouragement on the part of 
those who should have been his supporters. There 
seems no doubt that if he had not possessed the extra 
qualities to which I have referred, the application of 
mechanical traction to our railways would have been 
postponed indefinitely and might quite well have been 


carried out first by a foreign country. It is known that 


his brilliant predecessor in the same field, Trevithick, 
was lacking in at least one of these characteristics, and 
abandoned the development which he had so successfully 
begun. There thus seems reason to believe that the 
day of steam traction had in all probability already been 
postponed by this very factor. 

It is therefore most necessary that this retarding 
influence should be recognized and borne in mind. We 


- do not sufficiently realize how heavy a responsibility 


we assume when we combat the efforts of capable men 
who are working for the advancement of our profession. 
It would be an excellent discipline to keep an exact 


record of what may be termed “ impedimentary ” 


speeches delivered on such occasions, and to review 
these at a later date in order that we might bring home 
to ourselves that we had then adopted the ignominious 
róle of attempting to thwart a beneficial proposal. 
Our industry urgently needs every improvement in 
methods and organization, every gain in efficiency, and 
every opportunity of advancement that can be thought 
out; and it is only through unmerited discouragement 
that far greater progress is not achieved. 

The World Power Conference was, then, a great 
opportunity of acquiring experience which we are 
initially denied by force of circumstances. It is un- 
fortunate that full advantage was not taken of the 
opportunity, for our own members were represented by 
a very sparse attendance, mostly drawn from the 
London district; and the great good was thus denied 
us of mixing with the overseas delegates during the 
meetings and hours of recess, to the mutual advantage 
and pleasure of both parties. Such an occasion should 
not be missed again, and a special point should be made 
of encouraging, facilitating and organizing the attendance 
of home engineers at such international gatherings. 
In the present instance, this could have been effected 
by arranging a Summer Meeting in London, during, 
or just after the Conference, to which the visiting 
engineers could have been invited. Such an arrange- 
ment would have served to bring about intercourse 
without the need of formal introductions; and this 
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or a similar scheme may be possible on a future 
occasion. | 

It is important not only that we should acquire a 
correct knowledge of our fellows overseas but also that 


- they should know us correctly. In this respect criticisms 


have recently been made that we are too reticent about 
ourselves, and the conclusion is advanced that we must 
bend to modern conditions and tell the world what we 
can do. Now I should be the last to advocate a policy 
of self-aggrandisement. Bragging is not British, and 
no outsider expects it of us. But I think we should be 
careful, when we are asked for information, to give it 
fully and fairly ; and, quite apart from replies to verbal 
inquiries, we often fail to do this through forgetting 


that our publications will come into other hands than 


our own, 

The point of view of overseas readers should especially 
be kept in mind in connection with engineering docu- 
ments and other literary matter. Official specifications 
are a case in point, and these should not be so compiled 
as to give purchasers abroad the impression that British 
manufacturers are unversed in their conditions. The 
present B.E.S.A. Specifications, for example, which are 
employed very largely over the water, scarcely cater 
for 'voltages exceeding 33 000, chiefly because our own 
operating engineers have seldom in the past been 
interested in higher pressures. Many of the Dominions 
have, however, been familiar with voltages of from two 
to five times this figure for more than a decade, supplied 
by apparatus chiefly of foreign manufacture, and it may 
well happen that the deciding point in the placing of 
an order may be an apparent lack of experience on our 
part in dealing with the higher pressures. 


For this reason, our existing specifications should be 
extended as quickly as possible to include voltages up 
to at least 220000, and to cover outdoor substations 
and switchgear. The issue of additional specifications 
to cater for the higher voltages is not a suitable alter- 
native, since it could not fail to give the impression that 
these were regarded as exceptional conditions ; whereas 
33 000 volts is not a critical point beyond which any 
special change takes place. There is also the additional 
need for the extension in that 66 000 volts is now in 


use in two parts of this country, while 132000 volts ` 


has been decided upon for the national reticulation. 

A further point is that British engineers should be 
adequately represented as authors of papers at inter- 
national meetings. In this respect the World Power 
Conference was an excellent example, the result of the 
thorough organization that characterized the whole. 
Equal care should be taken to organize our repre- 
sentation at future gatherings, not only for the purpose 
of maintaining our prestige but also of furthering the 
main object of this address. | : 

The conclusion may therefore be reached that racial 
characteristics are a far from negligible factor in deter- 
mining the details of a scheme or an apparatus and that 
this factor deserves greater attention on our part than 
it has been given in the past. First, it is important 
that we should become familiar with the psychology of 
engineers abroad with whom we are likely to be associated 
in technical matters. Secondly, we should enable them 
to know us as correctly as possible. Thirdly, we have 
much to gain by a knowledge of our own psychology, 
especially as regards the correctness of our attitude 


towards new proposals. 
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ADDRESS 


By Professor F. J. Teaco, D.Sc., Member. 
“THE SLIP-RING AND THE COMMUTATOR.” 


(Address delivered at LIVERPOOL, 24th October, 1927.) 


It is customary for the Chairman’s Address to be 
connected with the life activity of the Chairman, and, 
realizing that the most appropriate place for the 
technicalities of the subject of electrical machinery is 
the Journal, 1 was driven to choose between a more 
historical account of the progress which has been made 
to date, and a story woven round one particular line of 
development. I have selected the second alternative 
and I hope to lead you, with the aid of a few experi- 
ments and for the space of about an hour, along a path 
both pleasant and profitable. 

Althongh you are all familiar with both slip-rings 
and commutators, I should like to show them to you 
again this evening because I want you to carry in your 
minds some of the ideas they embody. 

Fig. 1 depicts, in its simplest form, a generator 


with the armature tapped at the points A and B, and 
an application of Fleming’s “ right-hand rule ” shows 
that, under the stipulated conditions, an electric current 
would flow out from the point A and in at the point B. 
Now it is obvious that, when the armature turns one- 
quarter of a revolution from the position shown, the 
current flowing will be zero, because between the 
tapping points A and B we have conductors under both 
poles simultaneously. It is equally obvious that, when 
one-half of a revolution has been made, the current 
will be flowing again, but it will now flow out from B 
and in at A. If, therefore, the points A and B are 
connected to slip-rings upon which rest collecting 


brushes, and if the armature is driven continuously in 
one direction, then an alternating current of the type 
shown by Fig. 2 will flow. 

Now, the engineer, being curiously dissatisfied with 
anything he has already accomplished, thought he would 
like both these half-waves of current on the same side 
of the line and looked round for ways and means of 
doing it. His first idea, no doubt, would be that of a 
brush mechanism sliding to and fro in a direction along 
the armature shaft, whereby, just as the tapping points 
were moving past the quarter-turn and with the current 
at zero, the brushes could be interchanged on the slip- 
rings. Being observant, he noticed that only one-half 
of each ring was of use, that the two necessary halves 
were on opposite sides of the shaft and that if he cut 
away the superfluous halves then the useful halves 
could be placed in the same plane, when his purpose 
would be accomplished without any brush-shifting 
mechanism whatever (see Fig. 3). 

In modern machines we tap an armature out in 
perhaps 100 or 200 places and we call the little useful 


Current 
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portions of the slip-rings the commutator bars and 
from them we obtain a current practically devoid of 


‘fluctuations. 


Having now obtained a machine to which either 
slip-rings or a commutator could be fitted at will, the’ 
engineer was not long in developing the rotary con- 
vertor, which consists of a single armature winding 
fitted with both rings and a commutator and which is 
used, generally, for converting an alternating current 


into a direct’ one. 


About this time three different phenomena had been 
observed. It was noticed that if a permanent bar 


magnet were freely suspended over a copper disc, which 
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could be mechanically rotated, the rotation of the disc 
was always accompanied by a rotation of the magnet. 
The explanation of this is shown in Fig. 4, which depicts 
a model of Arago’s disc. 

The converse of this, of course, holds true, i.e. a 


© 


mechanical rotation of the magnet is accompanied by 
a rotation of the disc. 

It was also found that if an armature were tapped, 
by means of three slip-rings, at three points equally 
spaced round the periphery, then a three-phase current 
could be drawn from the machine (see Fig. 5). 


Now the chief feature of a three-phase current is the 
regular time sequence of the current-flow to and from 
the brushes ; thus if at some instant, with a frequency 
of 50 cycles per sec., the maximum current flows out 
from A and re-enters by B and C, then 2/300th sec. 
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later the maximum current comes out from B and 
re-enters by A and C, and so on. Further, it was 
noticed that if this three-phase current was supplied 
to three coils of wire equally spaced round the peri- 
phery of a circle, then the equivalent. of a rotating 
magnet was produced and a suitable copper article, if 


4 


placed in the field, would rotate. The apparently 
rotating field is due, of course, to the fact that the 
time sequence of the currents in the coils produces a 
time sequence in the magnetic fields produced by the 
coils and hence an apparent rotation of the field. 

These three phenomena crystallized out into the 
modern induction motor. This is a truly wonderful 
machine but possesses two defects, a rather low power 
factor and a small natural range of speed variation. 

It is proverbial that troubles are sent to make us 


more perfect, and nowhere is this truth substantiated 


more than in the degree of perfection to which the 
engineer has attained in overcoming these two defects. 

To pursue this matter a little further, I want you to 
consider this armature to which is fitted a commutator, 
the commutator having three brushes fixed at points 
equally spaced round its periphery (see Fig. 6). Suppose 
we supply three-phase current to these brushes, then, 
since the winding on the armature forms a closed 
circuit, it is evident that the current fed to one brush 
will flow out via the other two, and, since each brush 
is fed in turn, we shall produce a rotating magnetic 
field. 

If the armature is of the two-pole type and the 
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current has a frequency of 50 cycles per sec., then 
either brush is fed by an ingoing current at time 
intervals 1/50th sec. apart, which means that the 
magnetic field makes one complete revolution in space 
in 1/50th sec., i.e. 50 revolutions in 1 second or 3 000 
revolutions per minute. 

Now it is most important to notice that the speed 
at which the field rotates 1n space is quite unaffected 
by a rotation of the armature. The reason is that, 
although the space positions of the individual con- 
ductors forming the coil between a pair of brushes are 
changed if the armature is rotated, the position of the 
coil itself does not change, and therefore the speed of 
the rotating field is independent of any rotation which 
the armature may have. It is, however, equally 
important to notice that the impedance offered by the 
armature coils to the flow of current through them is 


- 2 function of the speed at which the armature rotates. 


The reason for this is as follows :— 

When the armature is stationary each individual 
conductor is subjected to the action of a changing 
flux—a rotating field—and therefore each conductor 
possesses both ohmic resistance and inductance, but if 


the armature is rotated in the same direction and at © 
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the same speed as the flux, then individual conductors 
always lie in one particular part of the magnetic field, 
with the result that they are not subjected to a changing 
flux, and -therefore the armature possesses ohmic 
resistance only. If, now, the speed of the armature is 
raised above synchronism, the windings exhibit ohmic 
resistance and negative inductance, or capacity, and 
the armature behaves like a condenser. 

This particular piece of apparatus was one of the 
first to be used to correct the low power factor of 
induction motors having wound rotors, and the general 
method of employing it was to have an independent 
and variable drive for the commutator, to feed its 
three brushes from the three-phase rotor windings of 
the induction motor, and to drive it at such a speed 
as would provide the necessary power factor improve- 
ment (see Fig. 7). 

The apparatus in this form did not come into very 
general use, because, besides being a trifle cumbersome, it 
did not provide speed control for the induction motor. 
Since the functioning of the commutator depends upon 
the slip of the rotor, it is easy to see that it is impossible 
to have the induction-motor speed at its synchronous 
value, that it is even difficult to increase the normal 
speed at all, and that, although the speed can be 
reduced, it must be an unstable condition because, as 
the speed drops, the current fed to the commutator 
increases and causes a further drop in the rotor speed. 

I should like now to draw your attention to one of 
the first attempts made to utilize a combination of the 
slip-ring and commutator for the purpose of controlling 
both the power factor and speed of induction motors, 


veer! 


Compensating 
commutator 


E Driving 
: 3-phase 

duction motor motor 
| Fic. 7. 


but before doing so I should like to enunciate a 


theorem :—“* In the case of an induction motor with a 
wound secondary, if an external p.d. is applied to this 
secondary winding then the speed of the motor may be 
such that the e.m.f. generated internally in this secondary 
winding is almost exactly equal to the applied p.d., 
provided that the frequency of the applied p.d. is at 
every instant equal to the frequency of the generated 
e.m.f.”” It will be noted that I say the speed of the 
motor ‘‘ may be,” and this is very necessary since the 
commutator just described applies a p.d. the frequency 
of which is always equal to that of the generated e.m.f. 
and yet it does not provide stable speed control, its 
weakness being, of course, due to the fact that the 
magnitude of the applied p.d. is due to, and is a function 
of, the motor speed. The particular combination of 
slip-ring and commutator to which 1 wish to draw 
your attention is shown in Fig. 8.* 
* See also Mies WALKER: “ Induction Motors,” p. 119. 


In the system depicted the induction-motor rotor 
feeds the slip-rings of a rotary convertor, and the power 
factor of the motor is controlled by varying the excita- 
tion of the rotary convertor, whilst the speed of the 
motor depends upon the magnitude of the convertor 
slip-ring e.m.f., so that if this e.m.f. is large the 
motor speed will be low. Now the e.m.f. on the slip- 
rings can be varied by varying the p.d. applied to the 
commutator, and this is accomplished in this particular 
system by varying the excitation of the auxiliary 
machine coupled to the induction motor. 

Here the required condition of equál frequencies for 
the induced and injected e.m.f.’s on the rotor is fulfilled, 
since the rotary convertor is synchronous with the 
rotor and the magnitude of the injected e.m.f. is inde- 
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pendent of the speed of the rotor, but it should be 
observed that the speed of the induction motor must 
not approach too near synchronism, otherwise the 
convertor will fall out of step. The auxiliary machine 
has the advantage of converting the slip energy into 
useful work, but the apparatus as a whole is complicated 
and costly and suffers from the disadvantage that speed 
control is only possible below synchronism. 

Many more attempts to solve this problem of power 
factor and speed control have been made, some of 
them interesting and ingenious, but I propose now to 
describe a very recent piece of apparatus which, in 
addition to fulfilling this tunction, shows promise of 
great usefulness in other directions. 

I want you to consider that this armature carries 
two quite distinct windings located in the same slots, 
as shown in Fig. 9. The first of these is a three-phase 
winding connected to three slip-rings, whilst the second 
is a drum winding tapped out to a commutator. 


/ 
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If three-phase current is fed to the three slip-rings, 
a rotating magnetic field will be produced with rather 
special properties. Suppose the armature to be station- 
ary and the magnetic field to be rotating clockwise. 
Under these circumstances the magnetic field is passing 
the armature slots at some definite speed. If, now, 
the armature is rotated in an anti-clockwise direction, 
then at some particular speed the field will come to 
rest in space because the coils producing the field are 
being rotated backward at exactly the same speed as 
the field is moving forward. There is one further 
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point, however. The speed at which the field passes 
the armature slots is unaltered, because, although the 
magnetic field is now stationary in space, the slots are 
moving past the field exactly as fast as the field was 
originally moving past the slots. This achieves one of 
our requirements, viz. to obtain from the commutator 
an e.m.f. the magnitude of which is independent of the 
armature speed. However, from the commutator we 
require e.m.f.’s having a three-phase time sequence if 
we are to control a three-phase induction motor. 
Moreover, we require to be able to vary the magnitude 
of these e.m.f.’s. Fig. 10 explains how this is done, 
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and it is seen that all that is necessary is for a two-pole 
‘machine to have three sets of double brushes mounted 
on rockers which enable the distance between the two 
portions of each double brush to be varied. Now let 
us consider that this piece of apparatus is mounted in 
a stator carrying a three-phase winding, consisting of 
three separate phases, and that these windings are 
connected to the brush gear as shown in Fig. 11. 

The only remaining condition to be fulfilled is that 
the frequency of the e.m.f. injected from the com- 
mutator shall be equal to the frequency of the induced 


e.m.f. in the stator windings, and that this holds will 
be readily appreciated when it is remembered that the 
frequency of the injected e.m.f. depends on the speed 
of the field relative to the brush gear, just as it does 
in an ordinary d.c. machine, and that. the frequency 
oí the induced e.m.f. depends upon the speed of the 
field relative to the stator windings. Now both the 
brush gear and the stator windings are stationary in 


Stator 
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space and therefore the speed of the field relative to 
one is the same as it is relative to the other. If, 
therefore, when the parts are assembled as described, 
a three-phase supply is fed to the rotor slip-rings the 
machine will run at a speed which depends upon the 
magnitude of the separation of the brush portions; also, 
if the speed is below synchronism with the brush gear 
as shown in Fig. 11 it will rise almost to synchronism 
when the brush portions come together and rise above 
synchronism when the brush portions are separated in 
the reverse direction to that shown. 

As regards power-factor improvement, we know that 
the power factor of an induction motor depends upon 
the phase of the secondary current which, in turn, 
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depends upon the phase of the secondary e.m.f., and 
it is by controlling the phase of the secondary e.m.f. 
that the improvement is brought about. It will be 
seen from Fig. 12 that, provided we can control the 
phase of the injected e.m.f., we can control the phase 
of the secondary e.m.f. very easily. 

That the phase of the injected e.m.f..is under perfect 
control wiil be readily appreciated from Fig. 13 which 
shows that all that is necessary is a brush gear capable 
of being moved bodily round the commutator in order 
that the centre-lines of the brushes may be moved 
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relatively to the eentre-lines of the secondary windings 
to which they are connected. 
Before bringing this address to a close I should like 
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to recapitulate the three chief properties of this armature 
without reference to its application to the induction 
motor :— 

If the armature is capable of being driven at a variable 
speed by means of an auxiliary motor, and if the slip- 


rings are fed by a three-phase current, then from the 
commutator we can obtain, as we have seen :— 


A voltage of variable magnitude by spreading the 
brushes apart. 

A voltage of variable frequency by varying the 
speed at which the armature is driven. 

A voltage of variable phase with respect to the 
supply by moving the centre-lines of the brush 
gear. 


From this it would appear that this particular piece 
of apparatus has great possibilities under the scheme 
to link up the power supply stations of this country, 
and for this reason it is well worth the serious attention 
of the industry. Although some desirable features are 
lacking these will be supplied in due course, and 
although in the past there have been discussions on the 
relative merits of direct and alternating current I 
think it will be agreed that this apparatus provides a 
most serviceable combination of slip-ring and com- 
mutator. 
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By HuGcH PATERSON, Member. | 


(ABSTRACT of Address delivered at NEWCASTLE, 24th October, 1927.) 


1 propose in this Address to refer to some of the more 
important considerations that will arise in connection 
with the Electricity (Supply) Act, 1926, and to indicate 
how far the industry has travelled to meet the new 
requirements and how far we have gone in research 
and the training of men to cope with the new conditions. 
For this purpose 1 shall divide the Address into sections, 
as follows :—Power station economics; output of 
turbo-alternators; rotary convertors; transmission ; 
research in industry ; training of engineers. 


POWER STATION ECONOMICS. 


Unfortunately, we have to turn to America to see 
where the greatest development has occurred in recent 
years, and we can only gather that it is owing to their 
enormous population and loads that they have been 
able to use to such great advantage the larger sizes of 


units. With the prospect, however, of fewer and larger | 


stations in this country, it might be well if we examine 
how far the Americans have progressed along the road 
of economy. 

_In that way, power station practice in the States has 
changed since 1920 to a very remarkable degree. Whilst 
in that year steam pressures and temperatures were 
lagging behind the best British practice, they are now 
considerably in advance of ours. Feed-water heating 


by bleeding a turbine had not been applied in 1920 in 
any of their stations, whereas it had then been in use in 
this country for some time; but it was left to the pur- 
chasers of one make of turbine to enjoy the advantages 
of feed-water heating, which is now universally adopted, 
and in that way it would appear that education has been 
somewhat slow. At present, three- and four-stage 
heating is in general use, and in this connection they are 
also ahead of present British practice. Again, whilst 
in 1920 very few power stations considered it a paying 
proposal to use economizers in connection with boilers, 
these are now quite common, and in the latest stations 
preheaters are used in addition. Pulverized fuel is being 
adopted to a considerable extent and, compared with 
the best stoker practice, gives an improvement in 
boiler-house efficiency of from 2 to 3 per cent. 

It is quite evident that the desire to obtain the highest 
possible economy has been uppermost in the minds of 
designers of large power stations, and the result is that 
in many stations the high efficiency is obtained at a cost 
which, under present average British conditions, could 
not be justified if capital costs or fixed charges are taken 
into consideration on a proper economic basis. 

In order to appreciate the difference between American 
and British conditions, it is well in the first place to 
outline briefly the development of the organization of 
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the electrical power station industry in America during 
recent years. Practically all power stations, generating 
and distributing companies, are owned or controlled by 
large holding companies. 

The following particulars, taken from the General 
Electric Review, N ovember 1926, may be of interest in 
this connection :— 


Capital in electric poe and ae 

industry : 1 550 million £ 
Generating capacity .. 22 million kW 
Investment per kW of capacity. .. £75 
Total gross revenue per annum . 310 million £ 
Average load ; 7-2 million kW 
Average plant load factor 33 per cent 


The tendency towards amalgamation and the con- 
centration of control in a few holding companies have 
far-reaching effects. 

- The finance of the various power systems is centralized 

in a relatively few holding companies, and is handled 
under the direction of a few men by experts who can 
place the capital in the best possible way. 

The engineering, design and development of the 
systems controlled are centralized, so that most of these 
companies can afford to have their own large engineering 
staffs who are fully qualified to project and build new 
power stations on the basis of their latest experience 
obtained in the various power stations under their 
control, some of which may have been in operation only 
a year or so. 

The engineering of power stations is thus concentrated 
in a relatively few engineering organizations, the staffs 
of which are known to each other, and it is but natural 
to expect a certain amount of competition and jealousy 
between these various organizations. During recent 
years this competition seems to have largely concen- 
trated round the highest thermal efficiency obtained 
in their power stations. 

As a number of power stations operate with a common 
. distribution system, the load factor of the newer 
stations is kept very high, the monthly load factor being 
60 to 70 per cent and more, which justifies additional 
capital expenditure to obtain economy. | 

The fact that the Government limits, in most cases, 
the dividend paid by public utility companies to 8 per 
cent has a far-reaching effect on the financial policy, 
and in turn on the engineering policy of the companies. 

To design a modern power station, it is essential to 
know with reasonable accuracy the cost of coal and the 
probable load factor, in order to arrive at the lowest 
possible cost of producing electricity. This cost 
consists of : 


(a) The working costs, in which the cost of fuel is the 
principal item, and 
(5) The capital costs or fixed charges. 


The working costs are readily ascertained for given 
conditions and given plant, but the capital costs are 
calculated as a percentage of the total capital involved 
in the power station. This percentage is no doubt 
determined by.the financial policy of the company, 
and there is a great diversity of opinion as to the per- 


centage for interest and depreciation, the figures varying 
from 10 per cent to 20 per cent. 

A close study of the paper by Mr. H. L. Guy, entitled 
“The Economic Value of Increased Steam Pressures,” 
read before the North-Western Branch of the Institution 
of Mechanical Engineers, and also of the subsequent 
discussion, shows the difference of opinion on this question 
of the allowance for interest and depreciation. Conse- 
quently, the adoption of higher steam pressures and 
more expensive boiler plant is largely governed by 
finance, rather than by the possible decrease in reli- 
ability of the plant. It is possible, in view of certain 
clauses in the Electricity Act fixing the rate of interest 
and depreciation, that this consideration may also 
affect private supply companies. 

In the design of new power stations this is of very 
considerable importance, as the smaller the rate for 
fixed charges the larger may be the capital spent to 
obtain economy. In America, the cost of building is 
relatively larger than in this country and forms a large 
percentage of the cost of the power station, thus bringing 
strong influence to bear on the engineering practice in 
connection with those stations. 

It is obvious that with an expensive building it is 
not a paying proposition to install in it a moderately 
cheap and only moderately efficient plant. 

The fact that American building costs are relatively 
higher than British costs, when the cost of the plant 
itself is considered, is also a significant factor affecting 
power station practice in the two countries. 

In connection with the tendency towards higher 
pressures, it is to be regretted that accurate information 
is difficult to obtain with regard to the additional] capital 
expenditure incurred in stations as a result of steam 
pressures higher than normal. There are three different 
ranges of steam pressures in use :— 


(a) Normal pressure, i.e. 350-400 1b. per sq. inch. 

(b) Pressures of 550-600 Ib. per sq. inch, usually 
with reheating. 

(c) Extra-high pressures, i.e. 1 200 Ib. per sq. inch. 


These figures indicate that there is still a considerable 
diversity of opinion among American engineers as to 
whether the higher pressures are justified. 

From the foregoing it must not be inferred that 
British manufacturers are not in a position to supply 
large units of higher pressures and temperatures. As 
a matter of fact they are probably as competent as their 
American cousins to provide this country with the largest 
and most efficient plants which will undoubtedly result 
from the Electricity Act. 

That engineering advancement is continuously taking 
place in this country may be best illustrated by the 
diagram on page 45, showing the development of the 
3 000-r.p.m. steam turbo-alternator as manufactured 
by one firm during the last 16 years. During this period 
the economical capacity has increased from 1000 kW 
to 20000 kW, and larger units than this are being 
considered. The heat consumption has improved from 
19500 B.Th.U. per kWh to 11850 B.Th.U. per kWh, 
le. by 40 per cent, not allowing for any improvement 
resulting from the introduction of feed-water. heating 
during the last 8 years. The weight per 1000 kW of 
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economical capacity has decreased from 22 tons to 
9 tons. The rating of the 3000-r.p.m. machine has 
reached a size which will make it suitable for power 
stations of the capacity required in connection with 
future developments under the Electricity Act. In 
this connection, I should like to make an appeal tor 
the standardization of both steam pressures and ‘the 
size of units, and also to refer to a 40 000-kW set which 
is being installed for the Manchester Corporation and 
which will be the largest single-shaft unit combination 
installed in this country. 

In connection with the introduction of higher tem- 
peratures and the possibility of the creeping of materials 
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creased length, however, causes a definite limit in 
connection with the critical speed, and the increased 
weight of the rotor makes the question of bearings a 
difficulty. This is what I mean when I say that the 
limiting feature for size is a mechanical rather than an 
electrical one. 

Improvements which render the question of the 
difference in expansion of copper and mica of no. 
importance have also been made in connection with 
the insulation, so that here again we are not afraid of 
the increased length of the rotor. At the present time, 
machines are being constructed having a maximum 
output of 34 000 kVA at 3 000 r.p.m., and at 1 500 r.p.m. 


g, in kW 
-alternator, 


ght of turbo 
intons per 1000kW 
(economical rating) 


Wei 


2 Economical ratin 
© 

N . 

ta 


24 


20000 20 


16000 16 


1920 1922 1924 1926 


Economical rating, weight in tons per 1000 kW (economical rating), and heat consumption, of 3 000-r.p.m. 
turbo-alternators, for the years 1910-1926. 


at these higher temperatures, the investigations which 
are being carried out by the British Electrical and 
Allied Manufacturers’ Association in conjunction with 
the British Electrical and Allied Industries Research 
Association are of the greatest possible value to the 
advancement of the industry. 


OUTPUT OF TURBO-ALTERNATORS. 


With regard to the question of the limit of size of 
turbo-alternators, the improvement which has been 
accomplished from the ventilating point of view has 
made the limiting feature a mechanical rather than an 
electrical one. The satisfactory solution of the ven- 
tilating problem, by means of multi-inlets along the axis 
of the machine, renders the question of length of no 
importance from a heating point of view. The in- 


several units of 55 000 kVA maximum output are under 
manufacture, the largest in this country being. the 
50 000-kVA generator previously referred to for 
Manchester. 

As regards the future, certain manufacturers are 
prepared to build machines of 40 000 and 50000 kVA 
in single units at 3000 r.p.m., and no difficulties are 
foreseen in building alternators up to 75 000 and 100 000 
kVA which will be perfectly satisfactory at 1 500 r.p.m. 


ROTARY CONVERTORS. 


On every side one hears of the enormous savings that 
have been effected in each one of those cases where 
railway electrification has taken place, that it makes 
one wonder—even taking into consideration the very 
trying times through which British railways are passing 
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—why they do not take a strong line and electrify 
further. 

A few of the railway equipments which have recently 
been installed have the added advantage of supervisory 
control, which must receive serious consideration in 
future schemes. The number of installations, parti- 
cularly for municipal work, which are entirely operated 
by automatic control is greatly on the increase, and in 
these days of high cost of operation it is a subject well 
worthy of the attention ot every operating engineer. 

The mercury-arc rectifier has developed to some 
extent, but it would appear to have its limitations, 
particularly on the question of compounding. Develop- 
ment is proceeding, however, at such a pace in every 
direction in the electrical industry that one would be 
very bold to say that the difficulty referred to will not 
be surmounted. 


TRANSMISSION. 


The proposals for interlinking the power stations of 
this country with a grid transmission line at 132 kV will 
present to the majority of British engineers many new 
problems, and, indeed, some which will be novel to 
world practice. Foremost among the latter must be 
counted that of effectively controlling the many power 
stations involved. Here on the North-East Coast we 
already have a well-established interlinking system 
which ties together a number of power stations all 
controlled from a central point. It is unnecessary for 
me to say how effectively this control is carried out. 
In other countries somewhat similar conditions obtain, 
although, as a rule, the power stations are located at a 
much greater distance from each other, arè less in number 
and are interconnected at higher voltages. So far as 
I am aware, there is no parallel case to tying-in all the 
major stations over an area as great as is contemplated 
in this country, nor where the aggregate power controlled 
will reach such an enormous figure. When the indi- 
vidual power stations become large, the mere act of 
removing one of them from the load disturbs the balance 
of distributed power over an extremely wide area. If 
done without due consideration of the results, this 
may quite easily bring in its train loss of power to many 
far distant points at which the supply is being taken. 
Further than this, the load despatcher’s object will, of 
course, be to keep operating at full capacity those 
stations that are most efficient. In doing this he must 
always have before him a clear picture of the points 
at which the supply is to be taken, since against his 
higher generating efficiency he must offset whatever 
transmission losses may be involved. 

Up to a point it is possible to calculate a scheme of 
working to meet the above requirements under normal 
daily conditions, but clearly it will not be possible to 
calculate similarly the hundred-and-one abnormal con- 
ditions which may occur in practice. Such matters 
must be left almost entirely in the hands of the load 
despatcher, whose office will be one of maximum 
importance and responsibility. 

Existing load-despatching stations fall into two 
broad classes: (1) those in which the load despatcher 
maintains contact with the generating station and the 
substations by means of telephone only, and (2) those 


where the load despatcher has the power to manipulate 
plant by means of supervjsory control equipment. 
In the latter case it is necessary, and in the former 
case desirable, that he shall have before him an immediate 
indication of the loading conditions throughout the 
system. One visualizes the possibility of new devices 
being produced to furnish this load indication over the 
wide areas which have to be considered by the engineers 
who are designing the British grid. 

The actual 132-kV apparatus, transformers, oil 
circuit-breakers, air-break switches, transmission towers 
and lines, etc., will probably not involve any marked 
departure from the practice which is already pretty 
well established in the British Dominions and foreign 
countries. 

There is room for development in systems of pro- 
tection, since probably few engineers will challenge the 
statement that practically every high-voltage system 
now in operation is liable to shut-down caused by 
improper working of the protective relays and also to 
interruptions, lasting far longer than they should do, 
merely because protective gear cannot be made to 
function with all conceivable forms of failure. 

British firms have already had considerable experience 
in manufacturing and installing equipments of the naturc 


now contemplated, and it may confidently be expected. 


that the whole of the equipment for the British grid 
will be purchased within these islands. 

Probably one of the most difficult problems associated 
with the British grid is that of reconciling the vast 
number of different interests involved. Every power 
supply system which is, or may be, connected to the 
grid may possibly find some little point of difficulty 
arise in changing over its methods of operation and of 
distribution. Considering that Britons are generally 
credited with the spirit of compromise as their most 
marked characteristic, it is surely not too much to hope 
that we shall all meet the present big scheme in a big 
way and, by each ot us being prepared to give way a 
little, in the end present an unparalleled example of 
system-interlinking, which will result in a great overall 
economy and increase in the use of electricity through- 
out the country. 


In view of the large sum that the company with 
whom I am connected spends annually on research and 
the training of engineers to meet future demands of the 
profession, I propose to give a description of what we 
consider necessary to meet the ever-changing conditions 
of the industry. 


RESEARCH IN INDUSTRY. 


The need for some sort of research establishment in 
connection with manufacture is now realized by pro- 
gressive industrialists all over the world. Occasionally, 
impetus is given through the inspiration of a genius, 
not necessarily engaged in the industry, accelerating 
progress by some remarkable discovery or invention. 
A time ultimately arrives, however, when the more 
obvious developments are exhausted:and a continual 
expansion of industry makes the likelihood of startling 
innovations progressively small. 

As one instance of many, the great electrical industry 
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of to-day hangs pendulous, as it were, upon the discovery 
by Michael Faraday of the electromagnetic theory. 
Inventions are contributed principally by those engaged 
in the technical direction of industry. Discovery is 
mainly contributed by scientific workers in research 
laboratories. 

In the past, industrial progress has been largely 
fortuitous and it now appears necessary to make a 
deliberate and conscious attempt to aid industry by all 
the devices of which human ingenuity is capable in the 
direction of selecting and training men, of setting aside 
special research work and providing the necessary funds. 

It is virtually impossible to assess financially the 
achievements of scientific discovery; only a few bald 
and isolated illustrations can be given. No one requires, 
however, to be convinced of the value to humanity 
of the research work of such men as Kelvin, Faraday, 
Watt, Bessemer, Darwin, Lister, to mention only a few 
distinguished British scientists. 

Some illustrations of the money value of research may 
be indicated. The electrical engineering industry built 
upon Faraday’s discovery of the phenomena of electro- 
magnetic induction is now one of the biggest manu- 
facturing industries, and the capital invested in it 
runs into hundreds of millions sterling. Dr. W. R. 
Whitney states that the improvements in electric lamp 
manufacture from 1901 to 1911 have saved consumers 
about 50 millions sterling per annum, and the most 
remarkable advances in lamp production have taken 
place since that date. 

It is impossible to predict with any certainty the 
line along which pure science research may be expected 
to develop, but it is probable that the principal develop- 
ments will take place in eight laboratories in the world, 
as a result of the organized research which is at present 
being carried on in those laboratories. In two of these 
we have representatives, and we are in close touch with 
six of them. It is therefore nearly impossible that a 
fundamental development of any magnitude can take 
place about which we shall not know at a very early 
stage. 

The research organization within the works, comprising 
about 250 employees, stands between these pure science 
laboratories and the manufacturing processes to trans- 
late new scientific knowledge of matter and materials 


and embody this knowledge in the materials in engineer- 


ing practice in the shops. 


APPRENTICE TRAINING. 


Broadly, the requirements for future engineering are. 


materials and men. It is the function of research 
engineers to look after the former, and, I think, it is the 
function of the director of research to look after the 
latter, because the selection of men for industry seems 
to be a piece of human research work. 

The trend of civilization shows that progress is 
inherently dependent upon the extent to which people 
can use power resources to minimize the physical labour 
and to provide many of the amenities of life not obtain- 
able in any other manner. Hence, the whole question 
of power application is one of vital importance to the 
progress of the community, and whether in regard to 
the generation of power, the development and manu- 


facture of means for producing power, or of its far- 
flung applications, it is essentially the field of the engineer. 
The possession. of power facilities may well be the real 


criterion to conditions of general wealth. Viewed in 


this light, then, the selection of the very best human 
material from which to evolve the engineers of the 
future is a matter of great importance in any com- 
munity. The selection and training of men ultimately 
to shoulder this tremendous responsibility is, therefore, 
of very great importance indeed. 

In my opinion, this selection should begin not with 
the man leaving college but back in the primary school, 
because I consider it a very grave weakness in most of 
our universities and technical colleges that almost any 
man is permitted to take a course of technical study. 
In the case of an apprentice who has already spent 
considerable time in the works and has shown by his 
ability and interest that he will profit by a course of 
technical] instruction, the chances of unsuitable selection 
at this stage are reduced to a minimum. The conditions 
are entirely different when considering those students 
who, having matriculated or passed an equivalent 
examination, apply for admission direct from school. 
In this case there are no means like those in the case 
of the works men for being quite sure that the boy who 
has shown only the ability to acquire book knowledge 
has the personality and capacity not only to acquire 
the necessary technical education but to use it effectively 
once it is acquired. The vital question is not whether 
the candidate has the ability to pass the academic 
requirements for the university course, but whether 
three years later the men thus educated are able to 
utilize their acquired knowledge to the benefit of the 
community. This emphasizes the fundamental import- 
ance for a graded system of vocational selection and 
guidance from very early school days up to the point 
where the decision for higher education has to be made. 
If such a system were in existence, we should not have 
the cases arising, which do frequently arise, of people 
in their early twenties discovering that they would have 
been better in commerce than in industry, or vice versa. 

In the absence of any such scheme, we have still to 
select what we consider to be the best men for industry, 
and since we have not yet any reliable psychological 
method of selection, our own procedure in the matter may 
be of interest. We do not rely on the selection of any 
one man, but are guided by the judgment of six men who 
form a selection committee. The committee consists 
of men who are accustomed to the selection of 
youths for employment in industry, having diverse 
viewpoints and considerable experience in judging the 
type of youth, who is most likely to make good in a 
particular field of employment. 

All the technical colleges and universities of any 
standing in the country are visited once a year by at least 
two members of the selection committee. Candidates 
are interviewed in the colleges and from these a pre- 
liminary selection is made. As a result of this first 
interview, likely candidates are invited to come to.the 
works for two days, where they are interviewed by 
every member of the selection committee separately. 
Subsequently, the final selection is made in committee. 
During the works visit the candidates are taken in hand 
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by the officers of the apprentice council, who show them — 


the works and lay themselves entirely at the disposal 
of the candidates for any help or information they may 
require. During this tour of the works the apprentice 
council is given a very good opportunity of judging 
the best men from a batch of candidates. The judg- 
ment of the apprentices is passed on to the selection 
committee and in this way the senior apprentices at 
present in the works have some say in the selection of 
their future colleagues. Their judgment is considered 
to be valuable, because they see the applicants with an 
engineering background and usually come by a very 
shrewd judgment of their reactions to it. From the 
candidate’s point of view, he gets a fairly thorough 
look-round the place which for some years may be his 
spiritual: home, and gains a good deal of information 
that will help him at this stage to crystallize his ideas. 

By such an arrangement it is felt that selection is as 
sound and as fair as can be made with our present 
knowledge and experience as guidance. By taking the 
opinion of the committee rather than that of any one 
man, we feel more certain of not having missed ability 
in one form or another. 

Mr. Rosen, in his address last year,* raised the old 
point, which has now been debated for a generation, as 
to whether it is better to take scientific training before 
or after works experience. In theory the sandwich 
arrangement is most satisfactory ; in practice, there is 
not much doubt that the study. of scientific principles 
before entering the workshop has many advantages. 
There is, however, a system which we encourage and 
which ‘may be better than either of the above. We 
encourage youths who intend going on to the university 
to come into our works for about six months before going 
up to college. At this stage of the game they have very 
little idea indeed of what it means to be an engineer, 
and usually no idea at all of being an engineer against 
time; I mean all the many factors that come into con- 
sideration when production to date is considered. We 
feel that it helps a man this far; that it at any rate 
should help him to decide whether he really wants to 
be an engineer or not, and whether he is likely to benefit 
by a course of instruction which will fit him for a position 
of responsibility in an engineering works, If it gives 
him a little help on this point at this stage, it is of value 


—being a small compensation for the lack of vocational 


guidance in the primary school. 

Secondly, we encourage him or any other student to 
return to us, as a vacation apprentice, in the two long 
vacations during his college course, in order that he 
may keep in touch with the works atmosphere. It also 
renders tangible much of the work in college that other- 
wise, except as a laboratory experiment, would have for 
him no practical significance. We know, of course, 
that in pre-college and vacation courses the man as a 
workman is of no benefit whatever to the company, 
but his small experience in the workshops does help us 


with selection later on. We find that the men who : 


follow this line of punctuating their university training 
* Journal I.E.E., 1927, vol. 65, p. 34. 


with workshop practice are more keenly interested, do 
better at college, and come out of it with a better balance 
than those who have not sought vacation courses. 

Those are the main points 1 wish to stress, but there 
is one condition of apprentice life inside the works which 
I should like to mention because I think it of importance. 
It is that the apprentices are, as to their social and 
sporting life, entirely self-supporting. The governing 
body is an apprentice council under the directorship of 
a president (a senior apprentice) who is, virtually, the 
executive head of all apprentice activities outside the 
works. Members of the council are elected by ballot 
from members of the two committees, one composed 
of trade apprentices, and the other of school and college 
men.. They run a very active sports section in which 
cricket, Rugby and Association football, swimming and 
tennis play the chief parts. Last season there were 
four fully constituted Rugby fifteens in the organization. 
In addition, they arrange and carry out visits to outside 
works as well as organize a winter social season including 
dances, sing-songs, amateur theatricals, etc. In certain 
cases of difference of opinion with foremen inside the 
shop, the apprentice council has met the shop committee 
and settled the dispute at first hand. In our training 
course, facilities are given for developing all sides of 
the men to fullness, and the responsibility shouldered 
by the council of the apprentice association does a good 
deal in picking those men who are born executives. 

That the whole system of selection and apprentice 
training, if carried out on the right lines, is of benefit 
to industry is shown by the large number of men at 


present in our employ and holding responsible positions 


who were former apprentices. 

Since January 1921, 304 college apprentices have 
passed through the shops, and of these, 55 per cent are 
still in the employ of the firm. 

Over the same period, of 76 school apprentices 50 
per cent are still with us. 

Since 1921, 632 trade apprentices have completed a 
full four or five years’ course, and, of these, 75 to 80 per 
cent are still with the company. 

The trade apprentices are encouraged in personal 
relationships with foremen, superintendents and members 
of the management, and generally to the betterment of 
relations existing between the artisan and his executive, 
and when it is realized that of the 8 000 or so workmen 
employed in the shops of this factory about 500 have 
been trained by ourselves, it will be seen how the mass 
is being slowly leavened as the result of our apprentice- 
training system. 

CONCLUSION. 

In conclusion, much has been done in the way of 
development in the past, but the requirements of the 
Electricity Act in regard to changing the frequency in 
various parts of the country call for an effort that can 
only be successful if all who are in any way connected 
with the engineering features of the scheme can pull 
together and, in the end, successfully present to the world 
probably the greatest feat the engineer has been called 
upon to perform. 
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“ ELECTRIFICATION 


PROSPECTS 


IN THE IRISH FREE STATE.” 


(ABSTRACT of Address delivered at DUBLIN, 27th October, 1927.) 


Since the last meeting of this Centre events have taken 
place fraught with interest for the Free State, for its 
electrical industry and for everyone connected with it. 
I refer, of course, to the passing into law of the Elec- 
tricity Supply Act of 1927. It is no longer possible 
for anyone in the electrical industry in this country to 
proclaim that “ I am the master of my fate, I am the 
captain of my soul.” An Electricity Supply Board has 
been appointed, armed with practically absolute power, 
and the fate of our electricity supply and our electrical 
industry generally will be guided and determined by 
that Board. The Board commences its work with our 
good wishes for its success, for its success means our 
success and, in considerable measure, the success of the 
country. It has the wisdom and the experience of all 
the electrical ages in every land to draw upon, it has 
before it practically a virgin page, and we hope that 
what will be written on the page will record an advance 
from success to success and from strength to strength. 
It has before it many problems and not a few difficulties, 
and, even if its progress be a path of roses, the roses will 
conceal many thorns, as is the manner of all paths trod 
by man. This Institution and its members can be 
relied upon to give any assistance asked for and to 
co-operate whole-heartedly in the work in front of them, 
for it is only by the closest co-operation of everyone 
concerned, and of the general body of citizens, that 
the great work which has been undertaken can be made 
@ success. 


INVESTIGATION OF IRELAND’S POWER RESOURCES. 


One of the functions of the new Board is the investi- 
gation of the natural power resources of the Free State, 
and it is to be hoped that the apparently more immediate 
objective of bringing electricity to everyone in the 
Free State in a commercial and economic way will not 
cause them to lose sight of this extremely important 
investigation work. Irish economists, Irish engineers 
and Irish politicians have time after time complained 
that an alien Government had never thought it worth 
while to investigate the natural resources of Ireland. 
Power is one of our most important natural resources. 
Towards the end of the European War some effort was 
made in this direction by the British Government. 
Three Board of Trade Committees, or Sub-Committees, 
reported on the subject of peat, water power and coal 
in Ireland. I predicted at the time that all three 
reports would ultimately rendezvous in a British 
pigeon-hole or in a British wastepaper-basket, but time 
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scarcely allowed us to judge the accuracy of this pre- 
diction. In addition to these bodies the Commission 
of Inquiry into the Resources and Industries of Ireland 
also published valuable reports, and it is to be hoped 
that wastepaper-baskets will not display an international 
affinity. 

The task of any investigators of Irish power resources 
has been materially lightened by the labours of the 
bodies referred to, and it would be most unfortunate if 
this important investigation work were not followed 
up. All Irish power resources should be carefully and 
systematically examined, and the results recorded, 
tabulated, analysed and left available for reference and 
use. A new country’s first work should be to ascertain 
and record its possibilities and potentialities. The work 
done by Canada in this sphere forms a model and an 
example which might well be followed. Time brings 
very rapid changes, and it is quite conceivable that this 
work might bear fruit much more rapidly than one 
anticipates at present. 

A passing word concerning the estimated value of 
Irish power resources may not be without interest. 
Peat is undoubtedly our greatest potential power asset, 
and if it could be utilized in an economic way for power 
production it would form our main source of power in 
the future. Heretofore such utilization has not been 
found possible, but we are again confronted by rumours 
of some new process which is to revolutionize the peat 
position. These rumours, on account of previous 
numerous disillusionments, do not generally interest us, 
but a solution of the peat problem may be reached at 
any time, and that day should find us prepared. The 
British Research Board was prepared to devote a sum 
of £100 000 to a peat experimental station, and the 
Irish Commission recommended the starting of a 20 000- 
kW peat power station. In view of this it would seem 
that the Irish Board should at least find this field worthy 
of full and careful investigation. The fact that a great 
deal of tedious and time-consuming work will need to be 
done would seem to afford the reason for commencing 
the work rather than for postponing it. Outstanding 
and striking is the fact that at least 6 million tons of 
air-dried peat per annum are at present dug out and 
used as fuel in Ireland. This is the equivalent of about 
3 million tons of ordinary coal, and equal to the whole 
of the coal imported into the Free State. Thus in the 
matter of domestic fuel this country is to a very large 
extent already self-supporting. With a little State 
assistance and encouragement, the output of peat could 
be materially increased. An increase of even 10 per 
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cent would be the savivalei of all the Shannon power 
in its first or partial development. It is, of course, not 
the work of the electrical engineer to encourage anyone 
to use fuel in any shape except that of electricity, but 
the displacement of domestic fuel by electricity will be 
a comparatively slow process, and in the meantime 
anything which will lessen the export of money will be 
good work done. The figures suggested are merely to 
indicate that the investigation of possible methods of 
utilizing the Irish peat deposits is a work of great 
mational importance. Peat power stations may not 
be a negligible proposition even at present, if one may 
judge from the fact that a member of this Institution 
with a very considerable experience of peat power pro- 
duction was able, a few years ago, to secure financial 
backing for a peat power station near Dublin, in which 
it was estimated that power could be generated for 
nothing, the chemical by-products paying all the costs. 

The coal resources of Ireland, although a minor 
proposition compared with peat, are nevertheless worthy 
of careful investigation, whether from a fuel-production 
or a power-production point of view. Opinions as to 
Ireland's coal-production possibilities vary considerably, 
but the fact that the Castlecomer mines have been 
turning out some 60000 tons of coal per annum, and 
have been working steadily for some 300 years, would 
indicate that the subject is at least worth investigation. 
Now that the firing of boilers with pulverized fuel has 
become such an attractive .proposition, there might 
very conceivably be prospects of a steam station working 
on powdered anthracite and supplying energy to the 
national network. 

Water power has been very much in the power 
picture in this country for the past few years and 
at present holds the field, but no full or comprehen- 
Sive detailed survey has yet been made of the water 
power available. Such survey work is of the greatest 
importance and should be undertaken at the earliest 
moment. It will take years to complete such a 
survey, but a comparatively small staff would be re- 
quired and an opening on very useful work would be 
given to young Irish engineers. The Irish water power 
available has been estimated at almost half a million 
continuous horse-power and is equivalent to some 
7 million tons of coal per annum, Water power has 
the advantage over peat and coal inasmuch as fuel 
when consumed is gone for ever, whereas the water 
power will remain at its present value until some radical 
climatic change takes place. 


IRELAND’s POWER REQUIREMENTS. 


This insistence on the necessity for a survey of our 
power resources might seem a little premature, con- 
sidering the fact that we have been casting round and 
devising methods for the early absorption of the output 
of the Shannon, which is only a very modest contri- 
. bution towards supplying the demand for light, heat 
and power that is at present met by the use of fuel. 
But we must look ahead and provide for our children 
and our children’s children. The nature of the provision 
necessary, if it were possible completely to displace fuel 
by the substitution of electricity, may be gauged from 
the following figures which I put forward some 7 years 


ago as an analysis of Ireland’s fuel requirements at that 
time :— 


ns e Horse-power-hours 
: Coal .. 2 115 000 2 256 000 000 
D 

Pone INEI { Peat .. | 3000000 | 3210000000 
Industrial fuel .. 1 400 000 448 000 000 
Railways : ‘ 460 000 147 000 000 

Gasworks and iia 
works: 525 000 302 000 000 
Totals 7 500 000 6 363 000 000 


This in terms of electricity i is the equivalent of some 
4 800 million units, in which is included nothing for 
increased use or increased population. 

I turn now to the more immediate problem. The 
Shannon experts set out the increased or new uses of 
electricity which will be necessary in order to absorb 
the Shannon power in the first development, that is to 
say within about 3 years of the starting up of the works. 
Great progress has been made on the civil engineering 
work, and the transmission poles are springing up all 
over the country. It is expected that a supply will 
be avilable about the middle of 1929, so that the figures 
relate to about the year 1932. The various consump- 
tions of electricity work out approximately as ee — 


Large cities (i.e. Dublin, Cork and ee 57 500 000 


Large towns .. .. 6270000 
Small towns .. 4 305 000 
Rural districts .. 8 960 000 

These are the general uses, and the balance is made 


up of more specialized uses. 

In Dublin district we shall do our part and produce 
our quota, and 1 hope more than our quota. Cork 
and Limerick should also get near their shares. There 
seems no clear reason why the larger towns which 
already have distribution systems should not contribute, 
if capital be forthcoming, to extend their networks. 
The small towns should present no great problem, and 
no doubt the rural electrification work will also yield 
results. This sounds quite simple, but we have problems 
before us in every field. 


GAS AND ELECTRICITY. 


In those towns which have a good gas service the 
domestic electrification problem is perhaps the out- 
standing one. I am not exactly suggesting predatory 
incursions by ourselves and the gas companies into each 
other's territories, and I may be ‘rushing in where 
angels fear to tread,” but no harm can be done by 
examining the strong position of the gas industry. 

I notice that the suggestion of a member of the 
British Electricity Board that the electricity suppliers 
should work in co-operation with the gas industry was 
not very favourably received by the electrical Press. 
The expressed electrical opinion appeared to be that 
gas and electricity were natural born enemies, and that 
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the gas industry was seeking to co-operate merely in 
an endeavour to stay the flowing tide. In view of 
this, 1 do not propose to express any opinion on the 
matter. It is, however, interesting to note how electricity 
and gas undertakings are interlinked in some countries, 
notably in the United States of America. In many 
cases the same man is at the head of the gas industry 
and also of the electricity industry in the same district. 

The opinion seems to be fairly widespread in the 
United States that gas as an illuminant need no longer 
be considered, that electricity will also take and keep 
the power field, but that gas will hold the field 
against electricity for cooking and domestic and indus- 
trial heating. I agree with these opinions, except with 
regard to cooking and domestic heating. Whatever 
our Opinions may be it is quite evident that, so far, gas 
has shown that there is a field for it. The mere fact 
that one London company, the Gas Light and Coke Co., 
sells more than is equivalent to all the electricity sold 
in Great Britain is sufficiently eloquent on this point. 

It has been contended that the coming of an elec- 
tricity supply into any centre has never interfered with, 
nor injured, the gas undertaking, but this contention 
must be accepted only with many reservations. It is 
true that in most cases the gas-supply undertaking has 
continued to increase its business in spite of the coming 
of electricity. So long as the population is increasing, 
or so long as new uses are being found for gas and elec- 
tricity, there is no reason why both should not develop, 
and the competitive factor undoubtedly supplies a 
stimulus to this end. Electricity can do everything 
which gas can do, but gas is not in the happy position 
of performing all the functions of electricity, especially 
in the matter of power, whether in the home or in the 
factory. It may be quite frankly admitted that, up to 
the present, electricity has made no great inroads into 
the cooking business of any of the really active gas 
concerns. So long as there was big power work to be 
had, the electricity concerns kept mainly to that branch, 
but, failing other outlets, the electricity suppliers are now 
becoming more active in the domestic sphere. 

The immediately available figures for Great Britain 
do not show what percentage of the gas output is used 
for domestic purposes, but the figure may be taken to 
be at least 80 per cent. In the United States it is 
estimated that 72 per cent of the gas output is for 
domestic purposes and about 20 per cent for industrial 
heating. 

The magnitude of the gas industry may be gauged 
by the fact that in Great Britian the gas undertakings 
sell a quantity of gas which corresponds in heating 
value to about 39 thousand million units of electricity, 
or about 7 times the value of the electricity sold for 
purposes other than traction and special process work. 
It is true that the thermal efficiency of electricity is 
substantially greater than that of gas, but even allowing 
for this the gas industry is well ahead. 

In Ireland the gas output now corresponds to over 
1 thousand million units of electricity, of which about 
400 million units, or say 7 times as much as the electricity 
output, are produced in the Free State. In Dublin 
the gas output is equivalent to about 6} times the elec- 
tricity output. In Belfast the gas production is about 


10 times the output of electricity. In Liverpool the 
gas output is 6 times the electricity output, in Glasgow 
53 times, and in Cork 64 times. | 

It will be seen from these figures that the Free State 
doés not compare unfavourably with Great Britain or 
with Northern Ireland in the matter of electricity 
versus gas, notwithstanding the heavy handicap due 
to the absence in the Free State of great industrial 
works, which are always the main users of electricity. 

The United States is a great consumer of electricity, 
but 405 thousand million cubic feet of gas was consumed 
in 1924. In 1925, Chicago, with 3 million inhabitants, 
had 800 000 gas consumers, a larger proportion than in 
Dublin. Even in Toronto, which is a great home of 
electricity, out of a population of some 600 000 there 
are 150000 gas consumers. Of these 150 000, 110 000 
had cookers. In Dublin, 66000 gas consumers had 
59000 cookers and 48000 slot meters. In Belfast 
92 000 consumers had 108 000 cookers and 35 000 slot 
meters. Dundalk had 1 650 consumers, 700 cookers and 
1 070 slot meters, while Limerick had 4 148 consumers, 
1256 cookers and 3164 slot meters. Liverpool had — 
185 000 consumers, 60000 cookers and 100000 slot 
meters. Glasgow had 303000 consumers, 277 000 
cookers and 108 000 slot meters. Of the 8 500 000 gas 
consumers in Great Britain, 4 600 000 had slot meters. 

The lesson of these figures is obvious, and it is that 
the gas industry depends almost entirely upon cooking, 
and that one of its principal assets is the slot meter. 
No one would venture to contend that an electric 
cooker does not make a greater appeal to the ordinary 
housewife than a gas cooker, although neither is perhaps 
exactly a thing of beauty. If electricity is to secure its 
place in the kitchens of the country, the main require- 
ments are a slot meter and a simplified tariff. Until 
quite recently the electricity meter manufacturers had 
devoted little or no attention to the large slot meter, 
such as is required for cooking installations. The 
psychology of the average housewife and her attitude 
towards slot meters is rather interesting, and it would 
appear that she is in general quite prepared to pay a 
great deal more per annum through a slot meter than 
in the form of quarterly bills. The gradual contri- 
butions necessitated by a slot meter create no great 
domestic embarrassment, such as is apparently caused 
by the presentation of a periodical demand. equivalent 
to the week’s wages of her husband. The slot-meter 
habit is a bad habit from the housewife’s point of view, 
but it is a bad habit which will continue. 

A point worthy of consideration is the fact that 
the electricity industry is somewhat handicapped, as 
compared with the gas industry, by the fact that it 
must maintain a statutory pressure, whereas the gas 
industry has merely to supply gas of a certain thermal 
value. 

The other question is that of tariffs. The number of 
electricity tariffs which have been devised is practically 
infinite, and new tariffs are being produced every other 
day. ‘These tariffs are nearly all scientifically accurate, 
so far as accuracy can be reached, but the general 
opinion appears to be that a little less science and a 
little more simplicity is desirable, and in Dublin we 
use fairly rough-and-ready, simple tarifis which seem 
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to meet the case. There are, of course, many simpler 
tariffs, for instance the arrangement by which the 
consumer is allowed to use all the electricity he likes 
for a fixed sum per annum, but this seems to be sim- 
plicity pushed to an undesirable limit. There are also 
Continental tariffs of a most complicated and puzzling 
character which necessitate a very undesirable compli- 
cation of meters. 

It is of interest to note that whilst we are attempting 
to achieve the simplicity of the gas tariff, the gas 
industry in America is attempting to emulate the 
scientific tariffs of the electricity suppliers, and states 
that these scientific tarifís are one of the great assets of 
the electricity industry. 


RURAL ELECTRIFICATION. 


Rural electrification presents many problems and, for 
that reason, is perhaps one of the most interesting fields 
for investigation. We expect that our Electricity 
Board, with the experience of so many other countries 
to work upon, will achieve results which will form an 
example for the world. Although very considerable 
agricultural electrification has taken place in several 
countries, the general progress is somewhat disappointing, 
as will appear from the fact that only 5 per cent of the 
farms have been electrified, even in an electrical country 
like the United States. This percentage also holds 
good for Europe. 

The most interesting example of rural electrification 
in Great Britain is in connection with the City of Chester. 
The Chester Corporation obtained a Special Order 
authorizing it to supply electricity to 60 square miles of 
territory outside the city boundary. This area has a 
population of approximately 35 000 and includes about 
500 farms varying in area from 12 to 500 acres. The 
supply has now been given in parts of the area for 3 
years, and at the end of last year there were connected 
1 152 consumers, including 90 farms. The units sold 
amounted to 949092, and the income received was 
£10 441, from which it will be seen that the price per 
unit is quite low. The system of supply is three-phase, 
6 600-volt, 50-period, the pressure being reduced at 
14 outdoor substations to 400 and 230 volts. Parti- 
culars are not forthcoming as to whether the business 
has been found profitable or not, but the fact that the 
Chester Corporation recently obtained another Special 
Order to increase the area to 143 square miles would 
seem to indicate that it is not losing by the supply. 
The area in question is, of course, more densely populated 
than the rural districts in Ireland, but nevertheless the 
apparent success of this experiment is encouraging. 

Our new Electricity Board might consider the sug- 
gestion of making an arrangement with the Department 
of Agriculture regarding its model farm in the immediate 
neighbourhood of Dublin, and completely equipping 
this farm with all sorts of electrically-driven labour- 
saving machinery. This farm could be used as a 
demonstration and training centre for the propagandists 
who will be necessary for the electrification of the country. 

An aspect of rural electrification which must not be 
overlooked is the starting of what, for want of a better 
term, may be called village industries. 

Even the most hardened optimist does not expect 


that large factories will spring up all over the country 
like mushrooms, simply because there happens to be a 
supply of electric power available. In most businesses 
the cost of power is quite a minor item in the total cost 
of production. This is true of all industries except 
specialized ones such as the electrochemical or electro- 
metallurgical industries, in which power is practically 
the raw material. Some manufacturers will not take 
the public supply of power even when it is available at 
rates which compare favourably with their own power 
production costs, for the reason that they wish to be 
absolutely independent of outsiders and outsiders’ 
troubles and to work as a self-contained and self- 
supporting unit. Other industries will start only when 
the general economic, commercial and labour conditions 
are favourable, as these, and not the cost of power, are 


the determining factors. It is true that the presence 


of a power supply will prove a strong attraction when 
other conditions are favourable, more especially in 
parts of the country where fuel is dear on account of 
transport charges, for the presence of a power supply 
will make it possible for a factory to start even where 
fuel is dear. 

These considerations apply mainly to industrial 
works of considerable magnitude such as one usually 
finds grouped together in cities. There is, however, 
a wide field for minor industrial activities where the 
presence of a public supply of electricity is essential 
and should afford facilities for the betterment of the 
inhabitants in a manner which is beyond all question. 

The British industrial and agricultural system is bad, 
but I do not know that it is any worse than our own. 
We are supposed to be a food-producing country, and 
we subsist largely upon imported food. At the same 
time we obtain the great bulk of our manufactured 
goods from outside our own shores, and we spend most 
of our time and energy in handing on things from one 
to the other instead of in production work. This position 
has become more strongly emphasized during the past 
few years, and it is rather difficult to conceive how the 
the country is to carry on unless a radical change be 
effected in existing conditions. Many of the evils 
which have befallen us have been the direct result of 
our own action or inaction, but many of them have come 
to us through the natural process of evolution and by 
the changes which have taken place in the economic 
and social life of the world during the past century. 
The world was, from very many points of view, a much 
happier and more satisfactory place to live in before 
the coming of steam power or miachinery, with its 
accompaniment of centralized production, capitalists 
and communists. There was a much greater measure 
of general prosperity in the old days of the village 
industry, before the engineers started to disturb the 
world. The manufacturer in those days was himself a 
worker, and the workers were not mere cogs in the 
innumerable wheels of a devastating, soulless machine. 
They were individual human beings, living as human 
beings should live. There were no industrial cities. 
Every district and every country was practically self- 
supporting. Each small community sowed and har- 
vested the food it ate, raised the wool and manufactured 
the clothes it wore, and provided itself generally 
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with all the necessaries of life. There was no sharp 
dividing line between industry and agriculture. The 
farmer and the manufacturer were combined, not only 
in the same family but generally in the same man. 
There was very little money in circulation ; there were 
few very rich people and few very poor people, but 
there was a much better general level of prosperity and 
happiness. This was the case in Ireland, even under 
an alien Government, and when the country was sup- 
porting twice the population which it has to-day. 

The coming of machinery and of steam killed the 
village industry. In the early days of machinery, 
production costs were low because labour was cheap 
and unprotected and there were no Factory Regulations 
nor Shop Hours Acts nor trade unions. The distri- 
bution was comparatively simple. International com- 
petition was negligible and profits were immense. But 
again there has been a revolutionary change in matters 
industrial. The cost of production has increased 
enormously by reason of multitudinous legislative 
restrictions, and on account of the organization of 
labour and the raising of wages. Although manufactur- 
ing machinery has been improved as years went on, 
still the production costs have advanced. Competition 
as between countries has become exceedingly keen, and 
profits are not now so easy to obtain. 

The governing factor in modern industrialism is, 
however, the fact that the machinery of distribution 
and selling has become so exceedingly complicated that 
the actual production costs have assumed a secondary 
importance. In pre-war days a cycle tyre sold at 150d. 
Of this, the actual production cost was 18d. The 
selling expenses and profit therefore accounted for 132d., 
and the manufacturer’s profit was not an excessive one. 
This is not, perhaps, an entirely fair illustration, but 
it is quite typical of modern industry and commerce. 
Between the manufacturer and the consumer there is 
interposed a vast army of transporters, wholesalers, 
selling agents, lawyers, artists, paper and ink makers, 
literature distributors, bill posters and retailers. The 
whole commercial structure begins to topple by reason 
of its own sheer height and magnificence. The parasites, 
pedlars and profiteers have proved to be too great a 
superstructure for the foundation. At the present day 
it is much harder for the worker to get a decent living 
than it was years ago; it is also much harder for the 
producer and manufacturer to make ends meet. The 
food producer, whether he be farmer or fisherman, is 
being forced out of business; the manufacturer is in 
the same plight. On the other hand, the consumers 
have to carry the burden of excessive prices and are 
simply struggling for existence. The handlers and the 
middlemen are the only classes who seem to be fairly 
comfortable, the very classes, in fact, who are doing the 
least from a constructive point of view. 

What is the cure for this extraordinary state of 
affairs ? Legislation will not cure it, neither will 
devastating and calamitous quarrels between the pro- 
ducer and the worker. Those remedies only leave 
matters worse; they lead nowhere, but only move 
things round in a circle. The real cure is to eliminate 


the pedlars and the profiteers, and this can best be done 
by a return to the old village industry system. This 
will immensely simplify the selling process so far as the 
real necessities of life are concerned ; it will materially 
shorten the long and costly line of communication 
between the producer and the consumer; in short, 
the producer will consume what he produces without 
having to pay for sending it half way round the world 
in order to provide profits for a multitude of people 
who produce nothing. 

There is no doubt whatever as to the ability of the 
modern village industry to compete with the product 
of the big factory in the supply of everything necessary 
to sustain life, even if we were to return to the primitive 
production system of our great-grandfathers. If village 
spinners and weavers can compete in the export market, 
as they can do and are doing, surely they can compete 
in a home market with no costly transport and distri- 
bution machinery. A village community, with its own 
flour miller, spinners, weavers, tailors, bootmakers and 
blacksmiths, with each family owning and tilling a 
small farm, can live in immeasurably greater comfort 
then the average inhabitant of the modern city. The 
only need is for the people’s leaders to show the way, 
for the community to break away from the thraldom 
of habit, from the slavish imitation of an obsolete and 
hopelessly out-of-date system. The wheel has turned 
full circle, and we have arrived back at the point where 
our great-grandfathers left off. 

This presupposes a return to the old primitive system, 
but the suggestion is not that we should return to that 
system. The system will be remodelled and better 
fitted to hold its own by calling in the assistance of 
those products of the engineer’s brain which wrought 
such havoc in the old industrial countries for lack of 
prevision, and the all-powerful agent in this industrial 
and social regeneration will be electricity. 

All this may sound a little Utopian, but on a close 
examination of the conditions in this country it may be 
realized that it is less Utopian than it appears at first 
sight. The conditions in the country must be viewed 
with a considerable amount of misgiving and alarm. 
The country dwellers who have abandoned productive 
work in the country and have drifted into the cities 
(where most of the work is unproductive and parasitic) 
will be glad before long to be afforded an opportunity of 
returning to the country, which will, we hope, by that 
time have been rendered by electricity somewhat less 
dull and more attractive than it is at present. It is 
probably true that only exceedingly hard times can effect 
the change suggested, but hard times are inevitably 
coming. 

Electrification is looked upon by a number of the 
inhabitants of this country as a cure for all our ills; 
in other words, they expect it to work the miracle of 
relieving them from the painful necessity of having to 
work. No such delusion should be harboured, as it will 
merely lead to speedy disillusionment. Electrification 
will play a great part in the looked-for regeneration of 
this country, but it must be backed up by a programme 
of hard work. 
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(Address delivered at LEEDS, lst November, 1927.) 


RETROSPECT. 


Retrospection can illumine the existing position, 
assist in the better understanding of the present, and 
give a lead to future developments. 

A survey of the progress in any important field of 
activity generally proves fascinating. It is particularly 
so in the sphere which electricity occupies at the present 
time. The vast activities and the many diverse applica- 
tions of electricity in which members of this Institution 
are engaged are without parallel in any other science. 
Within the compass of this address it would be impossible 
even to refer to all the many phases of development— 
many of them entirely distinct branches—which are 
taking place in all parts of the world. It may, however, 
be of advantage to review a few applications of electricity. 

It is well, I believe, to stand aside from our work 
occasionally and take notice, not only of the way already 
traversed, but where we stand to-day and what heights 
of achievement may be gained in the future. The 
progress of electrical science has been, and continues 
to be, very rapid. There is a tendency to accept the 
epoch-making developments as a matter of fact, and to 
lose sight, in our own individual field of labour, of the 
vast importance of the particular science our Institution 
represents as a whole. . 

One aim of this address is to increase the enthusiasm 
of electrical men for the work upon which they find 
themselves engaged, and to an appreciation oí the 
enormous possibilities in the inheritance which has been 
passed on to us by the pioneers of the science. 

_ Electrical engineering has become one of the primary 
industries of this country, and at the present time it is 
probably the most important factor in the economic life 
of the nation. The phenomenal development of the 


electricity supply industry dates from the early years. 


of the present century, when the first movements were 
made in bulk generation and transmission. The first 
large power stations erected about 1903 were to meet 
the growing demands for electric motive power in 
particular. 

It was anticipated by the pioneers of the bulk supply 
movement that the benefits of electricity would thereby 
become available over larger areas and bring electricity 
within the reach of the urban and rural population, in 
addition to town dwellers. It was hoped to remove 
some of the defects of the factory system, with its 
concentration of the workers in centres of dense popula- 
tion, which had followed upon the nineteenth century 
steam era, 

Legislative restrictions in the charters to supply 
power only, as distinct from power and lighting, delayed 
rapid development, and the cost of transmission and 


distribution was too great to accomplish all that was 
contemplated. The concentration of generating plant 
in large units naturally involved great changes in design 
and methods of working, but as time passed it has been 
proved that bulk generation was the correct solution 
of the problem of electricity supply, and it has been 
shown what can be done to enlarge the sphere of useful 
electrical service. 

In the new era of super-power stations and the “ grid ”” 
of transmission lines it is probable that the decentraliza- 
tion of the factory and the removal of the workers to 
the open spaces for work and recreation will be accom- 
plished, and electricity will become available for the 
benefit of a larger population and further accelerate the 
rapidly growing domestic demands for electricity. 


INTROSPECT. 


In reviewing the position of electricity to-day, 
achievements of tremendous importance have to be 
recorded; these include telephonic communications 
across the Atlantic and to a vast area on the American 
Continent. The Government’s beam telegraph stations, 
now nearing completion, will transmit up to 350 000 
words per day on the Indian service alone, and probably 
three times that amount of traffic with Australia. The 
approaching completion of the Indian station will give 
the British Empire the most complete and efficient 
wireless telegraph service in the world, and as it is 
now possible to telephone to the United States of 
America, it cannot be long before telephony will be 
available throughout the Empire, if not the whole 
world. 

Another great electrical achievement is recorded in 
television work done by the telephone engineer. Speech, 
song and a vaudeville act have been transmitted, not 
only by wire over several hundred miles, but also by 
wireless telegraphy. Although this particular apparatus 
is costly and not of immediate commercial value, it 
further demonstrates the. possibilities of electrical 
science. 

The speed of living to-day takes its toll of humanity 
to a great extent, but electricity provides an antidote 
and cure by ultra-violet rays in therapeutics. A clinic 
has recently been established in Berlin for the treatment 
of 2000 patients per day, the equipment providing a 
load of 10 000 kW. 

Every day, and in many diverse ways, electricity is 
called upon to a greater extent, and the service demands 
are often exacting. As an example of what electric 
power can do to meet its responsibilities may be cited 
the electric fire service of a large city, a demand of 
magnitude and a duty of vast importance, where absolute 
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reliability is paramount. This service indicates an 
enormous advancement in applied electrical engineering. 
The electrically driven fire-service pumps of New York 
have replaced 60 fire engines; 10000 h.p. of electric 
motors are driving pumps to deliver 36 000 gallons of 
water per minute, under a pressure of 300 Ib. per sq. in., 
and the full service can be ready, following an alarm, 
in 30 seconds. As to reliability, the electrical engineers 
are so satisfied that they can give the service demanded 
that they have accepted a penalty clause of £100 per 
minute for any failure. 

The wide range of the electrical engineer’s work may 
be gauged from the range of the apparatus, from that 
dealing with milliamperes in the case of communication 
engineering, to the most powerful machines on earth in 
the form of turbo-generators. A turbo-generator now 
in service will develop 80000 h.p.; it uses the steam 
raised -by 1000 Ib. of coal every minute, and weighs 
approximately 500 tons. It is interesting to compare 
these figures of weight and output with those for a 
5 000 kW turbine set built in 1903 which weighed 160 
tons. It is no mean achievement to record the com- 
pletion of such colossal units, but it will perhaps be ad- 
vantageous to visualize the enormous advance in design 
work consequent upon the use of steam at 600 1b. per 
sq. in., superheated to 725° F., and steam bleeding to 
give an air temperature of 350° F. to the boiler furnaces. 
This is not an experimental machine but develops no 
less than 60000 kW, and, although the turbine and 
generator are not of British manufacture, they are 
controlled by 12 000-volt switchgear of the ironclad 
type, built in this country, this switchgear comprising 
the largest switches in the world. 

Notable though this achievement is, it does not record 
the maximum in steam practice. A steam turbo- 
generator rated at 10 000 kW has recently been tested 
on steam at 1 200 Ib. per sq. in., superheated to 700° F. 
The generator runs at 3 600 r.p.m. and exhausts to a 
normal steam line at 3751b. per sq. in. The turbine 
casing for this unit has been made from a steel forging, 
and the boilers supplying the steam have been tested 
to 1400 1b. per sq. in., indicating that still higher 
pressures are possible. 

In the transmission of electrical energy this country, 
while not making extended use of extra-high voltages, 
has not been far behind overseas competitors, as the 
equipment for lines abroad has been manufactured in 
this country up to 100 000 volts. .A pressure of 250 000 
volts is about the maximum in operation on overhead 
lines, and as an indication of the progress which is 
being made in the art of cable-making may be cited 
the recent placing in commission of a 12-mile length of 
cable, working at 132 000 volts. 

It was not contemplated that the electrical needs of 
Great Britain would call for a pressure of more than 
55 000 to 66 000 volts, but developments have rapidly 
brought 132 000 volts within the present specifications 
for the network scheme of the Central Electricity Board. 
No doubt British engineers can meet the demand and 
do their share in electrifying this country to saturation, 
at any pressure specified. 

The work of centuries in abstract electrical and mag- 
netic phenomena was followed by the fruitful experiments 


of Watt and Faraday. Electricity was at first a property 
associated only with amber and the loadstone, but now 
it is the greatest power in the world, because it is so 
flexible and easy to arrange for its task. Continued 
study of the subject reveals numerous ways in which 
even the smallest quantities of it can be made to do 
useful work. The heavy currents employed in an 
electric locomotive are as useful in the service of man 
as are the small currents which cross the ocean through 
thousands of miles of submarine cable. The electro- 
magnet which will lift tons of metal is worked on the 
same principle as the electromagnet of a simple bell. 
An electric current can, with equal ease, heat up a mass 
of tons of metal in a furnace, cook a meal, or warm 
the gloves of an airman. | 


PROSPECT. 


These salient developments of electrical science up 
to the present time are, without question, unparalleled 
in any other field of activity, but what of the prospect 
of the future? One still hears the layman refer to 
electricity as being still in its infancy, but surely it has 
now advanced beyond this stage and it is not possible 
to foretell what the full developments will be. 

The popular Press, during the passing of the recent 
Electricity (Supply) Act through Parliament promised, 
on its becoming a statute, an era of prosperity, industrial 
peace and plenty, a solution of the domestic problem, 
and leisure in which to spend the money saved by the 
use of cheap electricity. These objects, while being 
very laudable, are not likely to be attained without 
the exercise of a spirit of co-operation in the industry 
and an enthusiasm in our efforts to make all the advan- 
tages of electricity available to everyone. 


ELECTRIFICATION OF INDUSTRY. 


It is of primary importance that the electrification of 
our industries should be accelerated. Where this 
country has extensively electrified, as in many branches 
of engineering, increased trade has been secured, es- 
pecially in exports; but, on the other hand, our com- 
petitors lead in output and effective competition, mostly 
in basic industries where they have improved the 
equipment and electrified their mines, steelworks and 
texile factories. It must be recognized that the modern- 
ization of basic industries is impossible without electrifi- 
cation. The productive capacity of workmen and 
machinery can be increased forty-fold by electric power, 
and, unless a very intensive campaign is inaugurated, 
many years will pass before this country can hope to 
reach the state of electrical development which has 
been attained in rival industrial countries, 

This country is full of industrial plants which have 
just been extended, often outgrowing their useful exist- 
ence, retaining obsolete tools and inefficient lighting, 
and suffering a lack of hygiene. It is high time that 
such works should be reorganized and equipped with 
labour-eliminating equipment and methods. 

Very frequently electricity tariffs are expected to 
modify completely the cost of production; but how 
impossible this is when power costs are often not more 
than 2 per cent.of the cost of production, compared with 
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a figure for labour of 60 per cent. Labour-saving 
equipment electrically operated should be the manu- 
facturers’ aim, backed by determination to heed the 
call of ‘‘ Wake up, England ! ” 

Not only will the extended use of electricity improve 
the country’s commerce and economic well-being, but 
the output of manufactured goods can be increased 
with a saving in human energy which will be enormous, 
not least as regards the labour of the home. 


DOMESTIC ELECTRIFICATION. 


A remarkably small number of homes are equipped 
with modern electrical devices and labour-saving 
equipment, despite the extension of electricity for 
house-lighting. This is an amazing state of affairs, 
when it is realized what drudgery can be eliminated by 
labour-saving appliances, and it indicates a lack of 
vision somewhere. 

Women are rightly contending that electricity in the 
home offers a leisure unknown by the household slaves 
in the past, and their awakening to the possibilities of 
a new domestic era will have to be met by the engineer, 
failing which they will probably take the matter into 
their own hands. The development can only be met 
by a closer co-operation between architects, supply 
undertakings and manufacturers with less costly appli- 
ances than are obtainable at present and with the lowest 
possible tariffs. 

In the design of a washing machine or electric cooker 
there may not be the same glamour as in the problems 
of a turbine set, but unless the former are developed 
and sold the latter will be less frequently required. 

The domestic load has possibilities of expansion which 
are not generally realized but which are enormous. It 
must be recognized that there has been, until recently, 
a serious slackness in the field of domestic electrification. 
Our homes are wired for electric lighting only, and little 
or no attention is given to the provision of outlets for 
other apparatus, which is so much more costly to install 
at a later period than at the time of the original contract. 
The cost of apparatus is also a serious deterrent to its 
extended use, and here standardization and mass 
production would result not only in an increase in the 
domestic load but also in a general expansion of industry 
to supply the demand. 

It must not be supposed that labour-saving equipment 
in the home, including cooking, heating and hot-water 
supply, are the only domestic problems, The home 
lighting of to-day calls for the raising of the standard of 
illumination for a diffused and shaded light, to provide 
that appeal to the senses of pleasure and comfort which 
is too seldom found in the average dispersion of darkness 
called “lighting.” Too few are aware of the subtle 
effects of good lighting, and a closer study of the subject 
would result in a conservation of eyesight, greater 
convenience and comfort and more charming interiors. 

Domestic electrification is a complex problem which 
cannot be lightly dismissed. Its correct development 
will have a very widespread effect upon the supply 
industry ; it will provide an enormous amount of work 
for the electrical contractor and, with careful design 
and standardization to reduce costs, will create a new 
branch of manufacture the output of which will exceed 


in magnitude the output of wireless apparatus, which 
may be instanced as an example of the quantities 
required to satisfy the demands for apparatus common 
to every home. i 


RURAL ELECTRIFICATION. 


In a large measure, domestic and rural electrification 
run on parallel lines, except in regard to the lack of 
density of demand, and the introduction of power for 
agriculture makes rural work very largely a problem of 
distribution. Distribution by underground cables is 
undeniably impossible for rural work on an economic 
basis, and overhead lines must be used. The cost of 
distribution lines is a serious deterrent to general ex- 
pansion, and the obtaining of wayleaves is also a matter 
of difficulty. A propaganda campaign is necessary to 


inform the rural community of the bearing which the 


high cost of distribution, as compared with the cost of 
generation, has upon the price an undertaking must 
charge for its energy. It can be shown how much 
the cost of distribution work could be reduced by a 
more reasonable attitude on the part of the landowner 
and tenant in permitting straight lines to be run across 
country in place of the expensive angle work due to the 
fetish of following the hedgerow. Judging from way- 
leave charges, much more is expected from the land 
occupied by a pole than can possibly be obtained from 
crops on a similar area. 

Some modifications are overdue in the regulations for 
the erection of overhead lines. The cost of distribution 
can be reduced by graded construction. A line for rural 
work need not be built as a line upon which depends the 
employment of a large number of men in industrial 
works, or where failure would endanger life. 

A line erected as a permanent circuit should not be 
compared with one put up to cover the development 
period. Recent comparisons between British and 
Continental costs appear to have overlooked this point. 

A great stimulus to the rural demand for electricity 
will result if uses for electricity on an economic basis 
are developed to such an extent as will make the rural 
consumers’ large individual load compensate for the 
scattered nature of the demand. 


RATES AND TARIFFS. 


An exhaustive treatise could be written upon this 
subject alone. The matter can only be briefly referred 
to here, but in looking prospectively upon electricity 
we must consider the cost of the development. A long 
time must elapse before we have electricity “ on tap ” 
and generally unmetered like a water supply. In the 
meantime, however, a considerable economy in service 
and wiring costs would result if meter installations 
could be reduced to one instrument and simple tariffs 
were to become the rule rather than the exception. 
As supply engineers we can realize the difficulties of 
such an arrangement, but it is necessary to understand 
the viewpoint of the average consumer; for example, 
the manufacturer cannot understand why the cost of 
domestic lighting under certain tariffs is only one-eighth 
or one-tenth of that of a similar service in industry. 

Diversity of loading is of primary importance, and all 
tariffs must be such as to encourage the spreading of the 
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load over all running hours. The two factors in any 
tariff which have an important bearing on the cost of 
energy are load factor and power factor. A two-part 
rate offers encouragement for high load factor. Such 
tariffs must not, however, be made too great a burden 
on the low-load-factor consumer, or his load will be lost 
in the general scheme of electrification. It is frequently 
argued that a penalty should be imposed for a low power 
factor because of its widespread detrimental effect upon 
the capacity of the system as a whole, and on the other 
hand it does appear advisable to offer some advantage 
to the consumer taking energy at a high power factor, 
and permit him to share in the better conditions he 
assists in maintaining. 

It is to the credit of the electricity supply sections of 
the industry that, whereas the cost of the majority of 
items making up the country’s expenditure is far above 
the pre-war figure, the cost of electricity is rapidly 
approaching the 1914 level. It is unfortunate that the 
ratio of the cost of electricity to the total costs in industry 
or home is so small. Although the reduced charges for 
energy affect only a small proportion of the everyday 
expenditure, it is suggested that a greater publicity in 
announcing reductions will show to the country at large 
what electricity is doing to assist industry to meet 
competition. 


THE ELECTRICAL ENGINEER’S WORK IN PROSPECT. 

The progressive selling policies already in operation 
will increase the demand for electrical energy in all its 
forms, and an amount of electricity but faintly realized 
will have to be provided. Practical developments 
follow so closely upon the discovery of new applications 
of science that it is impossible to foretell to what extent 
future demands for this world-wide power will grow. 

Recent developments provide food for speculation 
and the industry will do well to look ahead and contem- 
plate possible new methods of production, generation 
and transmission. Tesla’s experiments in the wireless 
transmission of power a few years ago appeared at the 
time to be as romantic as Jules Verne’s predictions. 
The latter have mostly become the everyday things of 
life, and the use of high-frequency energy transmitted 
upon short waves, already an experimental fact as 
regards the transmission of heat, confirms Tesla’s 
announcement regarding wireless power distribution. 
Great things have been done, but the march is ever 
towards greater and more far-reaching accomplishments. 

Reference has previously been made to the large 
generating units already in operation, but these are 
dwarfed when compared with the turbine set recently 
mentioned as on order for an American project 
to develop 160000 kW in one generator driven at 
1500 r.p.m. by a tandem compound turbine to work 
at a steam pressure of 400 Ib. per sq. in. 

The limit in steam pressure appears to have been 
reached at 1400 lb. per sq. in., and engineers appear 
reluctant, owing to the safe limit of the metals employed 
being approached, to proceed to steam temperatures 
higher than those at present in use, namely, approxi- 
mately 750° E. Alloy steels are, however, becoming 
available, and these will enable the engineer to operate 
steam plant at about 1 000° F. 


To make a more general use of the heat units from the 
exhaust, or circulating water, appears to offer the next 
advance in steam economy, but it is difficult to visualize 
the use to which we could put this lost heat from a 
super-power station. 

Regarding fuel, coal is now, and is likely to remain, 
the fuel for the production of electricity in this country, 
but it is a raw material and for economic reasons it 
should be more fully exploited. The raw material can 
be converted into oils, chemicals, gases and coke, and 
the by-products used as boiler fuel. Present-day 
marketing of coal favours the consumption of the raw 
material direct, but ultimately power must be produced 
from the by-products, which should be cheaper than raw 
coal for power production. The reduced consumption 
of coal in power stations, particularly those equipped 
with large power units, is conserving our coal resources 
to a considerable extent, but much more can be done. 
A close collaboration between the chemical and power 
engineers could provide a system of coal exploitation 
which would be of great benefit to the community at 
large and postpone to a much later date the time when 
the supply of coal will be exhausted. 

Coal and by-product fuel are only two of the matters 
upon which the engineer and the chemist should co- 
operate. The importance of the chemical industry 
to-day demands a co-ordination between the electrical 
engineer and the chemist to secure for the one an 
abundant supply of electricity for the many important 
processes demanding electricity in great volume, and, 
for the other, a load with which to improve the load 
factor and consequently reduce the cost of production. 

Important as are the economics of generation, those of 
transmission and distribution are probably more so. 
Continuous and reliable service is essential and has been 
largely attained in this country, but the cost has been 
enormous. The day has not yet arrived when a solidly 
connected system of generation, transmission and 
distribution is possible, but it is very essential that 
reliable service shall be maintained more economically 
than at the present time. Duplication and protection 
are too costly, and the capital sunk in system work, 
outside the generating plant, is a serious consideration 
and one which very largely counteracts the economies 
obtained in bulk generation. 

The tie lines between generating stations will serve 
to reduce the number of costly duplicate lines, so often 
necessary, to ensure reliable service when overhead 
lines are in use. These new tie lines will, however, 
bring problems of their own in their train. The enor- 
mous capacity of the generating stations will introduce 
conditions at times of fault which will demand very 
careful design of protective gear to prevent extensive 
disturbances of the system. New standards for line 
regulation will be required to control the sending or 
receiving of the load in interconnected systems. 
Apparatus of great sensitivity, automatic in its action 
and of absolute reliability, will be essential. 

As the cost of additional plant and apparatus necessary 
for line regulation and for protection against storms and 
atmospheric disturbances is so high, it will be readily 
appreciated that the cost of the line will have to be 
reduced to secure economical transmission. The con- 
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structional work must, however, be consistent with 
satisfactory operation and a minimum of maintenance 
expense. 

Work on branch lines, say up to 11 000 volts, and on 
distribution systems, is not likely to differ materially 
from present practice, but the cost of such lines will 
need to be closely scrutinized to ensure the most 
economical construction. Straight lines, longer spans 
and graded types of construction will materially assist 
to such an end. 


UTILIZATION. 


The contemplation of future work must include the 
part to be played by the installation engineer and 
wiring contractor. A very great deal of valuable work 
has been done in the past by this section of the industry, 
not the least part of which has been in the development 
of the domestic load. The contractor-engineers have 
been valuable allies to the electrical undertakings and 
will no doubt continue to be. 

The responsibilities attached to this section of elec- 
trical work are often of vital importance and not hitherto 
appreciated as much as they should have been. It must 
be realized that it is useless to make available a cheap 
and abundant supply of electricity unless it can be used 
with safety to life and property. There are a great 
number of reputable firms and workmen capable of 
executing a thoroughly satisfactory installation for 
industrial or domestic requirements, but unfortunately 
a class of contractor and workman has gained an entry 
into the industry whose only intention appears to be to 
make a complete circuit, to get the current through, 
and secure payment, leaving the installation in an 
unsatisfactory state. Exceptionally low-priced tenders 
are coincident with shoddy work and inferior accessories. 
Some of the unsatisfactory work which has been executed 
at normal rates can only be classed as robbery, and in 
the best interests of the industry this class of work 
must be exposed and speedily eliminated. It is not 
suggested that wiring work should be made expensive. 
The cost of installation work is as important as that of 
generation, or other costs. It should be realized, however, 
that new conditions are arising in installation work. 
The wiring to cooking, hot-water and other heavy- 
current apparatus is often run near to earthed metal 
and demands first-class material and, what is more 
important still, first-class workmanship. 

There are in existence organizations to secure first-class 
installation work, but they are persuasive only, and only 
a proportion of the contractors are associated with 
such movements. The nature of installation work is 
such that it must be out of sight, and such conditions 
favour the hiding away of unsatisfactory work. The 
insulation test only is no criterion of first-class work 
and cannot take the place of adequate inspection 


and the enforcement of a minimum standard of good 
work. 

Electrical installation work, as compared with other 
phases of electrical work, is not being done better than 
in the past, but in many cases the standard of excellence 
has depreciated to an alarming extent. Unless the 
problem is dealt with promptly and in a very effective 
manner, it can only end in such a set-back to develop- 
ment work in the industry as a whole, and domestic 
work in particular, as will be regretted by everyone in 
the industry. 

CONCLUSION, 


With this review of the past, and with all the 
promises of advancement in electrical work before us, 
should not the electrical engineer be fully satisfied and 
taking a full toll of the enjoyment possible in his work ? 
Never before have there been such opportunities for 
living a full and enthusiastic life as are possible to-day, 
and it is amazing that a single science, electricity, can 
embrace such a range of vital interests. It is the 
engineer’s privilege to co-ordinate: the fruits of research 
and to apply the results to the requirements of human 
service. 

It is not possible to comprehend the significance on 
other phases of work of our own industrial activity 
without at least an elementary knowledge of allied 
problems. It is therefore necessary for our young men 
to build up their experience on the broadest possible 
basis, and for the more experienced engineer to avoid 
drifting into a narrow road, hedged about by his own 
specialized work. 

With the ever-growing complexity of electrical work, 
including such factors as higher steam pressures and 
temperatures, higher voltages and extensive networks, 
extended utilization for process work, and the greater 
demand for higher efficiencies, there is certain to be an 
increased call for the services of efficient engineers in 
all branches in the future. All these opportunities, 
however, bring parallel responsibilities in their train, 
and for real success the engineer must not only be a 
qualified engineer but a true man, careful of the respon- 
sibilities he is called upon to shoulder, loyal to his 
employer and capable of cultivating the ability to work 
in harmony with his fellows. 

Electricity is power, and the country which makes the 
greatest use of the power which electricity provides, in 
its widest sense, must be the most progressive. Elec- 
tricity, as it exists to-day, is the development of the 
work accomplished by one of our own countrymen, 
Michael Faraday. Cannot such an enthusiasm be put 
into all our work that this country may reap the fullest 
advantages consequent upon Faraday’s work and become 
the most progressive country in the world, leading into 
the van of progress the commonwealth of nations 
associated with us as an Empire? 
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NORTH-WESTERN CENTRE: CHAIRMAN’S ADDRESS 
By A. B. MALLINSON, Member. | 


“CHEAP ELECTRICITY.” 
(Address delivered at MANCHESTER, Ist November, 1927.) 


During the last two years ‘‘ Cheap Electricity ” has 
become a political slogan. Politicians have emphasized 
the wonderful things which were going to happen when 
the Electricity Supply Bill became law—electricity at 
1d. per unit was to be at the service of the whole com- 
munity. In August one of the London daily papers 
hinted that before the year was out electric power 
would be available at Hd. per unit or less, and electricity 
for lighting at a price 100 per cent lower than at present 
(in other words, for nothing). 

Statements like this are ridiculously extravagant, 
and in the end can do the electrical industry no good. 
The warning remarks on this question by the President 
in his Inaugural Address were most opportune, and it is 
to be hoped that they will be given the fullest publicity. 

The manufacturing area around Manchester is already 
one of the best-served districts in the country as regards 
cheap electricity, The units generated and the total 
working costs of six of the leading public supply stations 
for the North-Western area, as published in the Electrical 
Times table of supply costs for the year ending March 
1926 (so as to avoid the fluctuations caused by the 
coal strike) are :— 


Station Units generated Working cost per unit 
d. 
Bolton 50 066 009 0-61 
Manchester 300 440 765 0:64 
Salford .. 49 776 217 0-68 
Stockport 32 301 059 0-63 
Stalybridge 31 991 781 0-48 
Oldham .. — 45 564 621 0-61 
Total .. 510140452 | Average 0:627 


The position of these stations as regards working 
costs may be gathered from the fact that out of 217 
stations in the list of local undertakings, only 21 operated 
in 1926 at below 0: 7d. per unit, and of these eight were 
in the North-Western area. 

A natural question to raise, in view of the position 
our local stations already hold as regards economical 
power generation, is: ‘‘ How can the electricity scheme 
now being planned by the Central Electricity Board 
help industry in this part of England ? ” 

The supply undertakings 1 have named have been 
operating for from 21 to nearly 40 years, and conse- 
quently, even after making due allowance for the 
renewals which have been necessary, it can be safely 
assumed that in practically all items of operating costs, 


and particularly as regards coal, labour and repairs, 
they could, as compared with the latest type of super- 
power station, show appreciable reductions. Such 
estimated costs those intimately connected with power 
generation are far better fitted than I to calculate. 
If, however, referring again to the published tables of 
costs, we take the lowest figure for each of the six items 
comprising working cost, we get these interesting 
figures :— 


Coal 0-15d. Rotherham (Several 0: 19d.) 

Oil and waste 0:0ld. Many stations 

Wages 0:03d. Middlesbrough (Others 
0-05d. and upwards) 

Repairs 0:06d. Luton (Stalybridge 0-08d., 
Bolton 0: 09d.) 

Rents and rates 0-0ld. Four stations 

Management 0:04d. Stretford (Several 0: 05d.) 


Total working cost 0-30d. 


If this figure were attained it would mean a reduction 
of over 50 per cent in the case of five of the six stations 
quoted, and over 25 per cent at Stalybridge. 

Whilst the figure of 0-3d. at which I have arrived is 
possibly on the low side for present outputs, a modern 
super-power station such as Barton, operating on a 
good load factor, no doubt now closely approaches it. 

Total working costs, however, do -not represent the 
price at which the consumer can obtain his supply. 
The capital charges of these super-stations must be met, 
the supply must be transmitted to the consumer’s 
premises, and, at any rate in the case of the private 
company, a reasonable profit must be earned. 

As electrical engineers we know that, in the trans- 
mission of electricity, losses occur which naturally 
increase the greater the distance, but the public are apt 
to assume that, once electricity is produced, it can be 
distributed in all directions without loss. Whether the 
system of distribution is by means of underground cables 
or overhead lines, that loss is bound to occur, and it 
can be anything from 5 per cent to 40 or 50 per cent. 

Many local authorities object to overhead lines; but 
far less disfigurement is caused to the district by a 
few lines of poles than by the hundreds of house chim- 
neys each belching out its daily quota of smoke. If 
cheap electricity is to be secured, overhead transmission 
through the rural districts must be used, and the regu- 
lations regarding the construction of overhead lines 
must be altered to permit of cheaper construction. 

This country is unique in that we have a widespread 
area from which we create our power, i.e. the coalfields, 
and there is already in existence an ideal network of 
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power transmission lines that are by no means fully 
loaded, in the form of our coastal traffic, canals and 
railways. These factors will undoubtedly form a most 
important link in the development of cheap electricity. 
If we allow a 25 per cent transmission loss and, say, 
0-225d. for capital charges, the total cost per unit of 
my estimated station is 0-6d. Ifsuch a figure could be 
attained in this area, it would obviously be a boon to 
all industries where power is an appreciable item of 
manufacturing cost, and we can safely anticipate at 
such rates a rapid increase in demand. But it must be 
remembered that capital charges and distribution 
amount to as much as the total working cost on this 
new lay-out. The Electricity (Supply) Act of 1926 does 
not provide a magic wand to wipe out all outstanding 
financial charges on existing stations; that is bound to 
take time, and, consequently, even if the ‘‘ grid ” system 
and the selected stations were completed in a night, 
costs would not immediately fall to the expected 
minimum. 

In this country it takes far too long to carry out a 
scheme. The Cahokia power station at St. Louis was 
laid out practically a duplicate of Barton in point of 
size. The first sod was cut in June 1922; in October 
1923 when I visited the station its two 30 000-kW sets 
had been in operation a month, and the whole of the 
foundation work necessary for doubling the size of the 
station was ready. In October 1924, when I again 
visited the station, two further 35000-kW sets were 
installed and one was in operation; 2200 contractors’ 
men were employed on site here for the first year. 
Surely the American practice here is right; when once 
it has been decided to spend the money, it should be 
spent quickly and the plant will then be earning revenue 
before it becomes out of date. 

One ot the biggest drags on the supply industry is 
the multitude of rates of charges and methods of charge 
which exist. Within a 12-mile radius of Manchester 
many large mills. in certain areas are supplied at 3d. 
or less per unit, while other similar mills which have to 
compete in the same markets are paying 1d. or more. 

Supply engineers will also be well advised to devote 
further study to the methods of charging. The 
maximum-demand system, whereby a peak load during 
the first week in January has to be paid for every month 
throughout the year, is most unfair to the consumer. 
Some systems are so complicated that it is practically 
impossible to say beforehand what it will cost to run a 
works. 

With the interconnection of supply areas by trunk 
mains it is to be hoped that the charges for current will 
be more or less equalized, but farmers and householders 
in the rural districts must never expect to get their 
supply at anything approaching the rates existing in 
the city or congested areas. 

Will the interconnection of the super-stations by 
the trunk mains appreciably reduce costs ? The margins 
of stand-by or surplus plant can be reduced, although 
in many cases the present stand-bys are really older 
machines which otherwise would have been scrapped. 
It is claimed that such interlinking will balance out the 
peak loads, but surely such peaks are governed by the 
hours of labour, which, since the war, have been largely 


adjusted to 8 per day. If more industries were to 
operate on the 24-hour cycle (as the paper mills do), 
the load factor of the supply stations would be greatly 
improved. 

Improvement of load factor is the keystone of cheaper 
electricity. We shall obtain it in this area by :— 

(1) The education of the public to use electricity in the 
home.—It is really only since the war that any active 
propaganda work has been done in this respect; by 
means of the British Electrical Development Associa- 
tion, the Women’s Electrical Association, the electrical 
exhibitions inaugurated by the supply undertakings, 
the hire of fittings, the attractive showroom displays 
by manufacturers and installation contractors, and by 
effective advertisement, much good work is now being 
done, but there are still very great possibilities in this 
connection. 

(2) The electrification of our suburban railways.— 
If in Manchester, say, we electrified to a distance of 
12 to 15 miles out on each of the services from the City 
and had a subway to interconnect the rail termini, 
the railways would become at least 100 per cent more 
effective in traffic-handling, the road traffic would be 
lightened, and one of the principal causes of black smoke 
would disappear. 

(3) The supply to the rural residential areas and the 
farmers.—Whilst rural Manchester is already probably 
better supplied than most areas, in some districts 
electricity is only now being installed, and in other areas 
10d. per unit has to be paid. Such a price effectively 
prevents the development of electricity in the home. 
The use of electricity on the farm will certainly develop, 
provided cheap transmission can be secured. In Mid- 
Cheshire the supply is developing on sound lines and 
the results will be closely followed by all power supply 
engineers. In the Northern part of our area, the Fylde 
district, where the staple industry is the production of 
eggs and birds for the Blackpool coast, thelaws of nature 
have been quite upset by the introduction of artificial 
light and time-switches into the poultry houses, with a 
great increase in the yield of eggs at the time when eggs 
command the highest price. 

Electric hay-drying will, if we have many summers 
like that of 1927, be an absolute necessity. There are 
now rotting in the fields thousands of tons of hay and 
grain which, with artificial drying, would have been 
in the ricks and barns months ago. 

(4) The further development of industrial power, which 
material reduction in the cost of supply will encourage.— 
There are literally hundreds of mills in this area with 
Corliss or drop-valve condensing steam engines and rope 
drives, which are typical examples of the private power 
plant. They are straight condensing engines, with an 
actual running steam consumption of 12 to l4 lb. per 
indicated horse-power. 

These plants are generally laid out on sound mechanical 
lines, with Lancashire boilers close to the engine, and 
a good rope drive to the various flats. 

There is certainly no stand-by prime mover, but very 
few cotton mills lose even 2-4 hours per year of running 
time (equivalent to 99-9 per cent reliability), and it has 
been suggested that, to reduce capital outlay, only 
99 per cent of reliability might be given. 
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The capital costs of these private power plants are 
largely, or fully, written off, hence their power costs 
little, if anything, more than the equivalent of our 
supply station working cost. When these mills have 
come on to the public supply the reason has generally 
been that their boilers or engines have become worn 
out after possibly 30 to 40 years’ work, and a public 
supply has saved them the capital outlay necessary for 
a new power plant. To get this load the supply under- 
taking must offer current at a figure approaching $d. 
per unit. 

It has been claimed that these independent power 
plants produce an excessive quantity of black smoke, 
but any private power plant, if properly installed and 
operated, can be worked without smoke trouble, and 
even in the most extreme examples, such as a chemical 
works, steel works, etc., where there are violent fluctua- 
tions, all forcing of the boilers can be avoided by adopting 
a thermal storage system. 

The closing down of small, inefficient stations, and 
supplying in bulk to distributing areas, should reduce 
the cost to the user, provided the scheme safeguards 
against that multiplication of costs, which occurs in 
trading each time the article, whatever it may be, is 
handled. 

It does not, however, follow that, even if the Electricity 
(Supply) Act of 1926 is going to give us electricity at, 
say, $d. per unit, it will pay everybody to buy from the 
public supply. 

In this North-Western area there is a very consider- 
able field of industry in which the principal factors 
for process work are :—(1) Cheap water, (2) cheap heat, 
(3) cheap power, and (4) cheap light. 

These four items, plus raw materials, chemicals and 
labour, constitute the works costs of:—Paper. mills, 
bleach works, dye works and calico, printing works, 
also, excepting for water, finishing works, artifical silk 
factories, many chemical works, refineries, breweries, 
tanneries, soap works, etc. 

(1) Cheap water.—This has, in practically all cases, 
been the deciding factor in the location of the first 
group of works. Cheap electric supply from outside 
can possibly help in cases of items (3) and (4), provided 
mains are available outside or close to the works. 

(2) Cheap heat.—This, however, is the vital link 
without which works cannot operate. The generation 
of steam by means of electricity is a proved commercial 
practice. In Italy, since the war many of the textile 
factories which previously operated with coal-fired 
boilers have changed over to electric steam-raising in 


conjunction with thermal storage, taking their power . 


from the hydro-electric stations. 

What are the possibilities in England with coal? 
Modern industrial steam-raising plants with Lancashire 
boilers in heat-extraction works in this area are pro- 
ducing their steam at Is. 3d. and upwards per 1 000 lb., 
say Is. 6d. as a good average. 

Not more than 3-1 1b. of steam can be raised per kW 
if electricity is used for this purpose, so that to raise 
steam at the same cost the supply must be at 0-056d. 
per unit. This is one-tenth of what is probably the 
lowest rate of supply in this country, although it is 
actually the price paid in Canada. 


This seems quite impossible, but bearing in mind that 
the super-station will offer keen rates for night demand, 
and making the fairly safe assumption that during the 
night shifts in a small works the cost of steam-raising 
is almost certainly much higher, there may be interesting 
developments in the next few years if a supply is offered 
at, say, 0- 15d. for a night load and a heat accumulator 
is used. For works with a very small and variable 
demand for process steam, electric steam-raising at 
even 0:25d. might merit serious consideration, although 
on paper it is five times the cost of steam-raising from 
coal. So long as the super-stations generate from coal 
with a thermal efficiency of 20 to 25 per cent, it will 
obviously be out of the question to discard the self- 
contained heat-extraction plant with its 50 to 60 per 
cent thermal efficiency, in all those industries where 
the power and heat demands sufficiently synchronize. 
Plants as small as 100 to 200 kW can and do generate 
at a total working cost of 0-15 to 0-25d. per hour, and 
capital charges add about 0- 15d. to 0-2d. in the case of 
plants operated for 48 hours every week, but only 0-06d. 
to 0-075d. in the case of paper mills and other industries 
operating on a 132-hour week. 

The total cost which the supply must compete against 
is therefore 0-3d. to 0- 45d. in the case of 48-hour-per- 
week operation, down to 0-21d. to 0-325d. for night 
and day operation. I referred in detail to this type of 
power plant in my paper on “* Justifiable Small Power 
Plants ” read before this Centre in 1925.* 

Other fields for heat extraction are :—Laundries, 
large hotels, infirmaries, mental hospitals and public 
institutions. 

Actual results have shown that such plants are a 
sound commercial investment in hotels. With either 
turbines or non-lubricating engines the old bogies of 
noise and contamination of food are avoided. 

In public institutions my own experience has been 
that the Ministry of Health does not favour such schemes, 
and numerous cases are quoted where such plants were 
installed and have been shut down in favour of the 
public supply. In such cases I think the reason will be 
found to be one of the following three factors; or a 
combination of them :— 


(1) Old-fashioned plant. 

(2) Lack of appreciation of the possibilities of thermal 
and power storage. 

(8) Excessive operating costs, due to the plant being 
operated like a central power station. 


As regards (2), it is a comparatively simple matter in 
any existing institution to record the actual cycles of 
summer and winter heating demand, and from those 
charts the case for and against the self-contained plant 
can be settled with certainty. 

As regards (3), the operating costs in public institu- 
tions can easily be absurd. In some cases where 
originally there were two stokers, one day and one night, 
who looked after the pumps, calorifiers and laundry 
engines under a working engineer, the installation of a 
couple of direct-coupled sets and half-a-dozen motors 
has increased the staff to four stokers, three shift 
engineers, two electricians, a pipe fitter and a chief 

0 Journal I.E.E., 1925, vol. 63, p. 896. 
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engineer. This is, I think, the main reason for the 
disfavour with which such plants are at present viewed 
by the Government departments concerned. 

Do heat-extraction plants in practice actually give 
the savings claimed? Let me quote a few local 
examples :— 

Two esparto paper mills considered to be among the 
most up to date in the country have, since installing 
heat-extraction power plants, reduced their coal con- 
sumption by 24-25 per cent and 31-75 per cent respec- 
tively, which means in round figures a saving of 5 350 
and 7 350 tons of coal per year. 

Another paper mill, by installing two back-pressure 
engines at a cost of £30 000, reduced its coal consumption 
by 9 750 tons per year. The adoption of heat extraction 
in all the paper mills in this country would mean a 
saving of 3 to 5 million tons of coal per year. 

In the case of a dye works, the installation of a heat- 
extraction plant costing £4000 reduced the coal con- 
sumption by 364 tons and enabled the works to do 
without bought electricity, which had previously cost 
£1 600 per year. 7 

Another plant recently installed at a cost of £16 000, 
including motor drive, has reduced the coal bill by £5 600 
per year. . 

A third plant, comprising a pass-out back-pressure 
turbo-generator and a heat accumulator, installed at a 
cost of £14 000, recently put to work, is already, without 
the heat accumulator, showing a clear saving, after 
allowing interest and depreciation at 10 per cent, of 
over £800 per annum, which will, I anticipate, increase 
to nearly £2 000 when the whole scheme is in operation. 

As there are hundreds of similar plants in the country, 
the adoption of heat extraction would certainly enable 
millions of pounds per annum to be saved. 

A mental hospital has had heat extraction in operation 
for 13 years without a single shut-down. Over the last 
10 years (prior to the strike), using the same grade of 
coal, the annual consumption has kept practically 
constant, but the units generated have increased 120 
per cent. | 

A hospital which had a heat-extraction plant consumed 
some 2 000 tons of coal per year. Presumably because 
it was considered wasteful, the plant has been removed, 
and the power is now taken from the public mains. 
The result is that the coal bill is practically the same, 
but that the additional cost of current is some £2 500 
per year. 

Most of the stories we hear of the excessive cost of 
electric driving arise in this manner. They do the 
electrical industry no good, but how can they be avoided ? 
I venture to suggest that they will disappear if our 
power supply engineers will encourage the manufacturer 
to install his heat-extraction plant and offer him a 
stand-by supply up to a reasonable amount, on the 
basis of an agreed guaranteed sum per year, which the 
manufacturer can expend in taking a supply at night, 
or for stand-by purposes. If the conditions are such that 
the available power is always in excess of the heating 
demand, arrangements should be made to purchase 
the surplus from him. There. are many small engine- 


driven sets of 100 to 500 kW in the stations now being 
closed down; these could easily be adapted for heat- 
extraction operation. If this plan is adopted the supply 
engineer stands to benefit in several ways :— 


(1) He has a satisfied consumer who will do more 
good than a dozen active canvassers. 

(2) He mainly gets load when he wants it, i.e. during 
the night. 

(3) He gets a supply quite as cheaply as he can generate 
it himself, where he has agreed to buy surplus 
power. 

(4) He is in a position to supply the manufacturer 
with any extra current he may require, beyond 
that which his own plant can generate. 


This proposal may appear revolutionary, but surely 
it is sound common sense. Probably 99 per cent of 
the electricity in this country is to-day generated by 
coal-driven plant. Our coal reserves are not limitless ; 
why, therefore, should we continue to waste millions 
of tons of coal per year in driving our factories, which 
require process steam, by means of purchased current ? 

What, then, is cheap electricity ? For electricity to 
be cheap it must be supplied to the consumer at a 
lower rate than that at which he is at present either 
purchasing or producing it. It is useless to offer elec- 
tricity at ld. per unit, say, to the large works which is 
now buying at 0: 75d. or less, or. to the works operating 
on heat extraction which is now generating at under 0- 5d. 
On the other hand, to the farmer 3d. to 4d. should be 
attractive. The householder in the city, who pays on 
the basis of, say, 20 per cent of the rateable value 
plus d. per unit, can hardly expect any reduction, 
but in the suburbs 3d. to 5d. per unit for lighting, or 
20 per cent of the rateable value plus, say, Hd. per unit, 
would be a great inducement. 

The Central Electricity Board's schemes for Scotland 
and South-Eastern England are now published, and I 
gathered from the President's inaugural address that 
the Midland Counties area is now under consideration ; 
South-East Lancashire will follow sooner or later. It 
can, I think, be fairly safely assumed that the reason 
for delay in dealing with our own area is that already 
our supply system is highly developed and inter- 
connected, thanks to the foresight and energy of our 
power supply engineers. l 

When these power schemes are completed, will the 
private power plant disappear? Undoubtedly it will 
do so in hundreds of cases where it is out of date, badly 
installed or operating on a low load factor. 

I am still firmly convinced, however, that many years 
will elapse before the private power plant, either of the 
straight type or employing heat extraction, which is 
properly installed, well maintained, and which operates 
on a good load factor, will be displaced in favour of the 
public supply. 

Provided the manufacturer is prepared to incur the 
initial outlay, he can generate as cheaply and in many 
cases more cheaply, and be himself responsible for 
continuity of operation. 
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I have been connected with this Sub-Centre and its 
parent Centre for well over 10 years.. Although that 
is not a very great stretch of time, much can happen in 
it. In our own industry there have been some very 
wonderful developments during this period and it is 
almost safe to assert that we are only just standing at 
the threshold of events, so quick is the march of progress. 
In every country the position in regard to our particular 
industry is exactly the same. Extensions are following 
one upon another with amazing rapidity, so great has 
the demand become for electricity for all purposes. 

We have to-day the wide vista of wireless telegraphy, 
one of the greatest inventions in the interest of humanity 
and for speeding up commercial operations in every 
direction. The last few years have also seen the intro- 
duction of broadcasting stations and beam wireless 
apparatus, which is now linking up for daily conversation 
the distant parts of our Empire. 

Electricity is being used by the railways in ever- 
increasing quantities to transport thousands of our 
workers to the cities, and its use for shipping seems to 
be only a matter of time. 

Its extensive use for domestic purposes is already 
assured, for its remarkable efficiency in lighting, cooking 
and cleaning has been thoroughly investigated by the 
keen criticism of many housewives in this country, and 
the reports from all centres indicate the steady change 
which is taking place in the use of electricity for all 
purposes in every modern household. : 

The use of electricity for medical purposes is one of 
the finest examples of progress throughout the world. 
There is not a hospital or a surgery, large or small, 
which has not some form of electrical appliance, and 
the use of electricity to-day for the restoration of health 
is only another of the features for which our industry 
is becoming famous. 

In the workshop, in the home, in the hospital and in 
most forms of entertainment, electricity is playing a 
prominent part, and with the recent introduction of 
the new Act towards smoke prevention all will realize 
that the more widespread use of electricity will aid 
considerably i in abating much of the nuisance experienced 
in most of our great cities. 

Being primarily connected with power generation 
and distribution, I feel that if my remarks are confined 
more to the features of progress obtaining in that 
direction it will be possible for me to give information 
of a reliable character. With this remark I should like 
to make a brief statement eae our progress at 
Derby. 

As most of you are aware, it was decided by Mr. 
Wilmshurst and his Committee in 1924 to embark upon 
an entirely new departure, viz. to install powdered-fuel 
equipment for the purposes of steam generation. The 


plant has now been in operation at least 15 months 
and I propose to describe it briefly, to produce authentic 
figures of operating tests which have been conducted 
from time to time, and to give the full results connected 
with maintenance and upkeep. 

Before passing on to these details, I should like 
to indicate briefly some of the features of progress 
which are now obtaining ip power stations generally. 
We are at the present period, to all intents and purposes, 
awaiting the results of the deliberations of the Elec- 
tricity Commissioners and the Central Electricity Board, 
who are working upon a task of great magnitude, 
namely, the linking up and grouping of all power station 
supplies, with the primary objects of eliminating un- 
necessary equipment, improving efficiency, and finally 
providing every town, village and hamlet of Great 
Britain with electricity at a reasonable price. 

Already there are some indications of the work 
accomplished, for in certain centres large capital stations 
have already been approved and work has been com- 
menced on them. In these stations units of a size 
hitherto unknown in this country will appear. 

A short space of 4 years has seen an advance in the 
evaporative capacity of steam-generating units from 
60 000 lb. to 240000 lb. per hour, whilst in certain 
projects now under consideration units of even greater 
capacity are being considered and will no doubt appear. 
In the large boiler-house plant at the Ford Works 
in America the evaporation of eight such steam 
generating units is 500000 lb. per hour per boiler. 
In this country, where mechanical stokers have held the 
field for so long a period, the size of the stoker has 
undoubtedly been the limiting factor in the capacity 
of the steam generator. It is perfectly true that, since 
the advent of powdered-fuel firing, manufacturers of 
mechanical stokers have improved and perfected their 
apparatus considerably. This has permitted boilers 
having an evaporation up to and slightly exceeding 
100 000 Ib. per hour to be operated with stokers. The 
operating difficulties when dealing with large evapora- 
tions on stoker-fired plants has led to a very keen survey 
of the possibilities of powdered-fuel equipment and, due 
entirely to the outstanding reliability of such equipment 
in operation, this system of combustion apparatus is 
forging ahead very rapidly, not only in Great Britain 
but throughout the world. 

It seems safe to predict that we shall not have to 
wait long before boilers with an evaporation of upwards 
of 300 000 Ib. per hour per boiler will have arrived in 
this country, and from my own daily experience in 
operation I can confidently state that such units will 


` be manipulated with extreme ease, and at all times with 


the high efficiencies obtained with this latest scientific 
system of burning raw coal. 
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Another development which is taking place is in 
connection with boiler pressures. There are already in 
operation, in Germany and America, plants in which 
the pressure has been increased in one case to 3 200 lb. 
per square inch and another recently put into operation 
in one of the leading American power stations in which 
the working pressure is 1 300 lb. per square inch. This 
plant has been inspected by a number of British engineers, 
one of whom has already placed a contract for the 
construction in his station of a boiler to operate at a 
pressure of 1 100 lb. per square inch. It will be obvious 
to all that this line of progress will require very careful 
study, and the application of intense research work, 
on the part of those who are responsible for the 
manufacture of all parts of the boiler and its mountings 
subjected to these great pressures. 

Quite naturally with all of these developments one is 
faced with the high initial cost of the modern plant 
which one may be installing, and the case of the high- 
pressure boiler will be no different from that of other 
refinements which yield greater efficiencies. With the 
more rapid adoption of such refinements there follows 
a reduction of cost at each end, and it is to this thought 
and fact that I desire to direct attention and the most 
sympathetic consideration. My reasons are that we in 
Great Britain have always held a high reputation for our 
marked engineering ability, and in the light of modern 
progress, particularly in its relation to power station 
practice, I definitely assert that we must press on and 
keep pace with progress if our reputation is to be main- 
tained. 

Another interesting feature is in connection with the 
water-cooling of the combustion chambers of large 
boilers, and in particular those operated with pulverized 
fuel. Due to the use of preheated air and the more 
rapid combustion which takes place, higher furnace 
temperatures are experienced, and in many of the early 
installations furnace maintenance assumed heavy pro- 
portions. This led to the introduction first of the 
water screen and ultimately to the hollow construction 
of the walls of the combustion chambers. 

The modern design has now progressed even further, 
for although our original plant at Derby was ordered 
in 1924 and completed in 1926, in the new extension 
under construction the furnace design has been com- 
pletely modified and now embraces water-cooling on 
three walls as well as the screen at the bottom. It is 
well to remember that in the modern stoker plants 
similar features are becoming a necessity, for with the 
higher temperatures now carried in the combustion 
chamber so many difficulties are experienced with both 
the stoker and the arch that maintenance has again 
become a serious problem. 

Furnace water-cooling has, therefore, become fully 
established, and in some remarkable experiments which 
have been carried out in a large industrial works in 
Lancashire the results obtained serve to emphasize 
the fact that boiler design may, in the very near future, 
undergo radical alteration, by bringing the whole of 
the effective heating surface of the boiler into one large 


combustion chamber. This has already been done in - 


the experiment referred to. 
During the past two or three years wonderful progress 


has been made in the construction of control panels, 
recording instruments and meters, with the result that 
vastly improved records of regular operation and 
efficiency are now being maintained, all of which will 
play an important part in the reduction of coal costs and 
assist towards the objective which we all have in view, 
viz. a uniform rate of charge for 1 kWh of electricity. 

Linked up with the increase in boiler-operating 
pressure will come the work of the turbine designers 
in producing a unit to operate at these higher pressures. 
Thus changes in this direction are bound to come and 
bring with them an increase in the overall thermal 
efficiency of our stations. 

Distribution of electricity is yet another feature in 
which continuous advance has been made, and one in 
which much greater experience will be gained during 
the next few years. When one reads in the technical 
Press of a cable having been put into service operating 
on a 132 000-volt line, it seems almost incredible to 
realize that it is only a few years since it became possible 
to operate at pressures much greater than 1 000 volts. 

Electricity is a young industry which has experienced 
a remarkable growth. As I have already indicated, 
progress is so rapid that it is impossible to stand still 
and survey at leisure the work accomplished, for changes 
occur so quickly that what appears new to-day has 
almost become old to-morrow. 

With this brief review of the situation I should like 
to pass on to what I hope will prove to be the more 
interesting part of my remarks. 

At our meeting on the 22nd March last I produced 
authentic figures of an important trial which had been 
carried out, when it was established that over 100 hours’ 
trial, irrespective of load conditions, an efficiency of 
83-5 per cent had beenregularly maintained. Members 
will no doubt be anxious to hear how matters have 
progressed since those early days of our operating 
experience. Probably the first and most important 
item is in connection with coal, both as regards cost 
and quality. 

First of all, there has been no difficulty at any time 
in obtaining adequate supplies of the poorer grade of 
fuel at an average price 50 per cent less than that of 
the coal purchased for our existing stoker-fired plant. 
This fact is an important one, for in the maintenance 
costs which I propose to produce later it is necessary to 
remember that we are grinding or pulverizing a coal 
with a high percentage of ash and we are quite alive to 
the fact that in this respect we have subjected our plant 
to the severest conditions. In our case the balance is 
well on the right side, as I shall show later. 

The raw coal now being consumed on our Lopulco 
plant is regularly graded, and the figures supplied by 
the West Ham testing laboratory denote that our raw 
coal all passes a *y-in. mesh. 

An analysis of a sample of pulverized fuel taken 
during a recent test was as follows :— 


Total moisture .. .. 8-18 per cent 

Volatile .. .. 26-33 per cent 
Fixed carbon .. 43°65 per cent 
Ash ‘vs . 22-07 per cent 


Calorific value .. . 10009 B.Th.U. 
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Drying.—In our original plant we started with one 
Lopulco steam dryer, one of the first of an entirely new 
design which has now completed a run of 14 months. 
In connection with our latest extension a new type of 
dryer has already been installed which embodies several 
improvements as the result of the experience gained in 
operation. In this machine there are 16 tiers of coal- 
carrying plates, each tier consisting of one plate instead 
of 10 separate plates as in the original dryer. Con- 
centric rings of steam heating-coils are cast in the plates. 
The coal is fed to the top plate by means of a new design 
of feeder consisting of a star wheel which deposits a 
regular and definite amount of coal on to the top plate. 
The coal is spread in an uniform layer over the plate 
and after making almost a complete revolution is scraped 
off into a chute which directs'it on to the second plate. 
This process is continued with each successive plate 
until the coal is finally discharged through the bottom 
of the dryer. 

Another advantage met with in the new type of 
dryer lies in the fact that there are only 64 steam joints 
and these are all of the flange type and easily accessible. 

Tests.—Coming to the subject now of tests, I give 
below the results obtained by Mr. Selvey. 


Botley Trial (General Data). 
Duration of test . 100 hrs. 33 min. 


Water evaporated .. . 4 016 561 lb. 
Coal burnt .. 5% . 635 939 lb. 
Average eee eae 
(outlet) .. . 269°6°F. 
Water evaporated per lb. of fuel... 6-316 lb. 
Average steam pressure . 313-43 lb. per sq. in. 
Average steam temperature . 122% F. 
Calorific value of fuel as fired . 9930 B.Th.U. 


Efficiency of boiler... . 83:58 per cent 


Results of an 8-Hours’ Test. 


Coal consumed . 59 750 lb. 
Water evaporated .. . 446 500 Ib. 
Feed-water inlet . 121-17° F. 
Feed-water outlet .. . 298°47° E. 


Average COg Se .- 13°5 per cent 
Average final exit gas temperature 308° F. 


Average final steam temperature.. 713° F. 
Average steam pressure .. . 296 lb. per sq. in. 
(gauge) 


7-5 X 1375:7 — 89:17 
10 900 
= 88-45 per cent 


Efficiency x 100 


This is what is often termed a ““snap ” test. The 
figures are very good and gave us considerable encourage- 
ment. This brings us to the period when the plant had 
passed fully into our own control. The first 12 months 
having passed, the glamour of the new thing had 
departed and we sought to ascertain exactly where we 
stood. Consequently on the 5th September I instructed 
my staff to conduct a complete test for a period of 
24 hours. The results are given below. 
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24 Hours’ Boiler Trial. Boiler Test, 5th and 6th. 
September, 1927. 

Duration of test . 24 hours 
Water evaporated .. . 1262 000 Ib. 
Coal burnt .. zá . 189 600 Ib. 
Average  flue-gas a cic 

(outlet) .. . 290-6° F. 
Water evaporated per Ib. of fuel’, . 6-656 lb. 
Average steam pressure . 315 1b. per sq. in. 

(abs.) 

Average steam temperature . 699-7° F. 
Calorific value of fuel as fired . 10009 B.Th.U. 


Percentage efficiency of boiler .. 84-33 per cent 


General Data of 24-Hour Test, 5th and 6th September, 1927. 


Units generated by turbine . 103 850 

Coal consumed . 189 600 lb. 
Coal per unit generated . 1-826 Ib. 
Calorific value of fuel . -10 009 B.Th.U. 
B.Th.U. per unit generated . 18276 


Thermal efficiency .. . 18-68 per cent 


Auxiliaries. 
Units for turbine auxiliaries . 2 720 
Units per ton for pulverizing, con- 
veying, etc. is . 24-5 
Units per ton for fan equipment . . 21-0 
Average steam consumption per 
unit generated . 10-158 lb. 


Summary of Test, 5th and 6th Sepiember, 1927. 


Units generated by turbine . 103 850 

Units for turbine auxiliaries . 2720 

Units for boiler-house auxiliaries.. 3850 

Units to feeders . . 97280 

Fuel consumed ‘ . . 189 600 lb. 
Fuel per unit to feeders .. 1-949 Ib. 
Calorific value of fuel ae .. 10009 B.Th.U. 
B.Th.U. per unit to feeders . 19507 


Load factor . 43:25 per cent 

Maintenance costs.—We next pass on to the costs 
incurred in maintaining this plant. The first 12 months 
of operation terminated on the 30th June. An inspec- 
tion of the plant at the end of this period led to a decision 
to carry on with the powdered-fuel boilers until August, 
when, owing to the majority of works being closed down 
in Derby, we could take both our boilers out of service 
and conduct our annual survey and overhaul. 

We have therefore embraced in our records the full 
period of 14 months of operation in order that the 
repairs carried out during the survey period should 
appear in our first statement of operating costs. 

Coal consumed.—During our first 14 months we have 
consumed 25 000 tons of coal. Of this amount 12 000 
tons were pulverized on our No. 2 mill. It then 
became necessary to change the six rollers, and the 
balance (13 000 tons) have been pulverized on the No. 1 
mill without renewals during this period. 

I give below the full details of the material purchased 
and labour costs up to the 31st August. Incidentally 


5 


20 
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I should mention that these figures include the cost of a 
modification to the holding tiles of one of the combustion 
chambers, the whole of the boiler-house repairs and the 
details customary to the insurance company’s survey 
of the boilers, which 1 am pleased to say gained a clean 
certificate. 


Details of Maintenance Costs, 30th June to 31st August, 


1927. 

Material— £ s. d. 
Firebricks a aus acs sis . 650 0 0 
Safety links .. aks a 310 0 
Screw conveyer materials vs gå .. 1110 0 
Ball races 3.0 0 
Carrier plates for dryers 9 0 0 
Tippler plates for dryers 8 0 0 
Ball race for dryers 7 0 «0 
Exhauster impeller .. 20 0 0 
Steam glands for dryer 14 0 0 
Lubricators (screw conveyer) 10 0 
Exhauster impeller blades 3 2 6 
Exhauster impeller blades 3 2 6 
Exhauster impeller blades 4 13 9 
1 set of mill rollers 48 0 0 
Breaking links 1 1 6 
Coal feeder screws 7 90 
1 set of coal piping .. 64 17 3 
Ball races (2 sets) 517 0 
Ball races (1 set) 2 18 6 
Lubricators for conveyers at a 113 0 
Dryer pegs and special washers .. da 16 0 
Dryer bevel pinions .. iste i .. 1011 6 
l set of mill ploughs T z . 11 7 3 

Carried forward es ES .. £292 9 9 


£ sd 
Brought forward .. as .- 292 9 9 
1 set of piping (cyclones to mills) .. . 7913 0 
Holding tiles, partition plates, clips, etc., for l 
furnace modification ge . 164 11 0 
Firebricks for furnace modification .. 98 5 0 
Refractory cement .. T T _ 916 0 
Labour Costs— 
Skilled labour .. ee gi we ae 77 0 0 
Unskilled labour e wa a .. 11312 0 
Total .. qe ae on .. £835 6 9 
Costs Per Ton of Coal Consumed— 
Coal consumed .. 25000 tons 
Total cost of renewals . £835 6s. 9d. 
(200 481d.) 
Cost of renewals per ton .. ae .. 8-02d. 


This is indeed the crux of the whole situation. Let me 
again emphasize that these costs cover every detail 
connected with boiler-house repair. Therefore, when 
the cost at which we buy our fuel is considered in con- 
junction with the fact that, even if our maintenance costs 
for pulverizing alone reached Is. per ton, we could still 
continue to realize important savings, our present results 
show a remarkable state of efficiency. 

I feel that the figures which I have given, render 
it unnecessary for me to labour the point. Our plant 
at Derby has been a complete success and I am confident 
that, with the latest improvements we are embodying 
in our future designs of plant, it will be possible to 
improve upon the results which have already been 
obtained. 
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(Address delivered at MIDDLESBROUGH, 5th October, 1927.) 


It is a common practice for the chairman to give 
at the opening of each session a sort of résumé of the 
progress of the year, with an historical account of the 
industry and a forecast of probable progress. I propose, 
however, on this occasion to put before you a few 
remarks on a phase of the supply industry which I 
think has not been brought very prominently before 
the notice of those of us whose duty it is to advise 
our employers, and I propose to illustrate my remarks 
by examples drawn from the undertaking with which 
I am best acquainted and I hope that these examples 
may be found of general use. 

We have all heard a great deal lately of the enormous 
economies to be obtained by the concentration of 
generating plant in a few super-stations, which will 
undoubtedly result in a low cost per unit at the station 
busbars, but it seems to me that this is not all, and 
while the above advantage is made much of and is quoted 
broadcast in the lay Press under such headings as 
“ Electricity for all at 4d. per unit ” it is the ultimate 
cost to the consumer, and particularly to the private 
householder, which is really important. 

Until comparatively recently we have heard very 
little about capital charges on transmission from the 
super-station to the local distributor, and hardly any- 
thing of the costs of administration and low-tension 
distribution to the actual “* man in the street.” 

1 do not propose to deal here with the question of 
cost of e.h.t. bulk transmission, beyond saying that 
one hears very little about the number of units lost 
annually in large transformers at each end of a super- 
tension line, particularly where the load factor is low 
and where the load has not developed to the full capacity 
of the transformers, assuming of course that these are 
continually in circuit, as is usually the case. This 
brings us to the cost of receiving a bulk supply and 
distributing it. 

A large number of towns all over the country laid 
down their systems 20 years or so ago. They were 
usually on the d.c. 3-wire system, so that the battery 
could carry the night and Sunday loads. The generating 
station was often in the middle of the town to avoid 
long feeders, or else at the gasworks, so that the gas 
manager could look after both his own and the electrical 
departments. 

Of course, mains were only laid in the richest and 
most profitable parts of the town and very little attempt 
was made to supply the outskirts. These old mains 
were often far too small for modern requirements and 
had to be strengthened from time to time. 

Since the war there has been a tremendous increase 
in the demand for electricity and we have rapidly come 
to realize that we have been working on far too small 


a scale. Our mains were too small. Low-tension 
distribution was from one centre only. The generating 
plant was out of date, inadequate and uneconomical, 
and the site was unsuitable, as there was no condensing 
water, no rail facilities or no coal-storage accommoda- 
tion. The result of all this was a sort of “ house that 
Jack built,” one thing depending on another throughout 
the piece. Low-tension distribution must be from many 
centres not more than half-a-mile apart. This meant 
substations, which in turn meant a.c. supply, which 
again meant new generating plant, and this necessi- 
tated a new and more convenient site or purchase 
in bulk. 

The introduction of a.c. supply leads either to the 
installation of rotary convertors with costly sites, 
buildings and attendance, or a wholesale change-over 
of the 1.t. distributors to alternating current. 

We thus arrive at the position that, within the last 
10 years or so, practically every undertaking has had 
to be re-organized and re-equipped and at a far higher 
cost than was possible before the war. This is a most 
important point, as our interest and redemption charges, 
and therefore our cost per unit, are based on more 
expensive material and labour for the same output as 
obtained before the war. It must also be remembered 
that a great deal of pre-war plant has not yet been 
paid for, so that present-day charges must include not 
only the heavy cost of plant purchased during the 
extremely expensive years 1919 to 1922 and, to a lesser 
extent, when prices had fallen to a more reasonable 
level, but also the burden of obsolete plant which has 
not yet been fully paid for. 

Fortunately, in many undertakings the loans for the 
original installations are on the point of expiring, so 
that interest and redemption charges on land, buildings, 
Provisional Orders, parliamentary expenses and the old 
mains and plant, will shortly cease, thus bringing some 
relief, | 
Residential districts are being developed on the 
outskirts of all towns, and houses therein are always 
detached or semi-detached. They are also invariably 
set back some distance from the road, with gardens in 
front of them. This means that the length of dis- 
tributor per consumer, and also the length of service, 
have increased enormously, resulting in the capital cost 
per consumer being much higher. 

If these consumers use current for lighting only, the 
number of lamps in use at any one time rarely exceeds 4, 
and these are only used to any extent for about 4 months 
out of the 12. 

Compare these conditions with the centre of the town 
where premises are built adjoining one another close 
up to the distributors and often three or more storeys 
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high, where the units sold per service are many times 
those sold in residential areas. 

In addition to the expenditure on distributors and 
services in outlying districts, there is also the cost of 
high-tension feeders and little substations of 50 or 
100 kW capacity. 

It will be seen from the foregoing facts that if the 
capital charges per unit are to be kept within reasonable 
limits it is imperative that the units sold must be 
increased to the utmost extent, and this can only be 
accomplished by the use of cookers, water heaters, 
radiators and similar apparatus. These are greatly 
encouraged by a suitable two-part tariff with a low 
running charge and as high a fixed charge as the con- 
sumers will stand. 

Cookers are an ideal load, as they are used in summer 
and to a lesser extent in the winter when the kitchen 
range has to be employed to warm the kitchen. In 
high-class districts where late dinner is the rule I am 
rather doubtful whether a cooking load would pay, as 
it would come on the. lighting peak between 4 p.m. 
and 7 p.m. in the winter, but in this district mid-day 
dinner is the rule and the load is rarely on the peak. 


used during the winter. As this is a comparatively 
new departure, I cannot give much information con- 
cerning it. 

Radiators, whilst consuming a large amount of current, 
are liable to be used -at times of peak load, but as this 
occurs between 4 p.m. and 7 p.m. during only 4 months 
in the year and as the radiators are generally used in 
the mornings before the fires have burnt up, or late at 
night in bedrooms, they are a valuable load although 
very little used in summer. 

The point to which I wish to draw particular attention 
is that when a district is being developed electrically 
there is a considerable time-lag (sometimes 4 or 5 years) 
between the expenditure on the lay-out and an adequate 
return. During this period the district so developed 
will show a financial loss, which is accentuated by iron 
losses in transformers, the latter being temporarily far 
too large for their loads. To reduce this unprofitable 
period, further expenditure is necessary on cookers 
and other apparatus for hire. This expenditure should, 
wherever possible, be made from revenue, thus avoiding 
further annual charges for interest and redemption, 
especially as cookers become obsolete very rapidly 


TABLE l1. 
1922 1923 1924 1925 1926 1927 
Units sold (thousands) .. 2 548 3 205 8 832 4 846 4 649 4 712 
£ £ £ £ £ £ 

(A) Cost of current .. 8 834 9 456 12 167 15 159 13 364 16 952 
(B) Wages and repairs 4 293 3 623 3711 4372 4.287 4 539 
(C) Financial charges 7 874 10 810 11 845 12 716 12 683 15 293 
3 082 3 347 2 976 3 434 5 886 5 810 


(D) Sundry charges .. 


Sunday, being the heavy cooking day, makes this load 
more valuable as the bulk of the consumption is between 
11 a.m. and 1 p.m., just when the mains are most able 
to carry the load and when supply can be given at a 
cost very little above that of fuel only. 

I have looked up the records of 12 consumers for 
lighting only. The houses are of average size with 
dining and drawing rooms and kitchen and scullery on 
ground floor, and 3 or 4 bedrooms with bathroom, etc., 
on the first floor. Their consumption averages 281 units 
` per annum, representing £5 5s. 8d. at an average cost 
of 44d. per unit. 

Twelve other consumers similar to the above but 
with cookers and, as far as I know, without radiators, 
had an average annual consumption of 2 487 units, for 
which they paid £13 18s. 10d., representing ld. per 
unit on the domestic rate. 

From these figures it would appear that a cooker 
should use approximately 2200 units per annum and 
should increase the revenue per consumer by about 
£8 10s., which is more than double the revenue obtained 
from lighting only. The average charge per unit is 
reduced from 44d. to ld., which should encourage a 
further increase in consumption. 

Water-heating is an excellent load, as it occurs 
generally only in the summer, the kitchen fire being 


owing to the continual improvements which are being 
made. | 

Regarding costs, it is only proposed to deal with the 
case of an average town with a population of 50 000 
to 100 000, where supply is received in bulk from an 
outside source and where, consequently, no capital 
has been expended on generating plant. In most cases 
the charge for bulk supply is on the maximum-demand 
system, consisting of a charge per kW demanded and 
a low charge per unit, with a coal clause to allow for 
variations in fuel costs. In this case the charge per kW 
may be taken to represent the interest and redemption 
on generating plant, together with salaries and wages 
of station staff, whilst the charge per unit represents 
coal costs. It therefore follows that the off-peak load 
can be supplied at the unit cost only, plus an allowance 
to cover transformation, conversion and distribution 
losses. 

I have prepared some tables which I think will 
show the position clearly and will indicate the effect of 
increased capital charges and increased turnover. They 
are all abstracted from the results of trading for the 
periods ending 3lst March in each of the years 1922 to 
1927 inclusive. i 

Table 1 shows the number of units sold and the total 
cost in pounds under each of four headings : (A) current, 
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(B) wages and repairs, (C) financial, i.e. interest, redemp- 
tion and rates, and (D) sundry. Each of these headings 
can be subdivided into many parts, but I have totalled 
them for simplicity and clearness and they are sufficient 
to illustrate my point. 

The year ending March 1927 was abnormal, owing 
to the increased costs and reduced output due to the 
coal dispute. Taking, therefore, the year 1926, it will 
be noticed that the expenditure on (B) wages, (C) finan- 
cial and (D) sundry amounted to no less than £22 856 
out of a total of £36 220. This sum of £22 856 is quite 


wagon and adding machine. out of revenue, and the 
cost of an exhibition, most of which items are not 
likely to recur. 

The cost of current would have been the same in 1927 
as in 1926 if it had not been for the coal dispute. Here 
again, taking the year 1926, out of a total cost of 1-865d. 
no less than 1-176d. is independent of the number of 
units sold and would show very little increase if the 
output were doubled. If this were the case, the total 
cost would be 1-176d. divided by 2, i.e. 0-588d. plus 
cost of current (0-689d.), giving a total cost of 1-217d. 


TABLE 2. 
1922 1923 1924 1925 1926 1927 
Units sold (thousands) .. 2 548 3 205 3 832 4 846 4 649 4 712 
d. d. d. d. d. d. 

Cost of current, per unit 0-840 0-708 0:761 0-750 0-689 0-863 
Wages and repairs, per unit 0-400 0-264 0-228 0-217 0-219 0-231 
Financial charges, per unit .. 0-741 0-808 0-741 0- 630 0- 653 0-780 
Sundry charges, per unit 0-290 0-245 0-185 0-170 0-304 0-295 


independent of the number of units sold and would 
not increase materially if the output were doubled. 
This means that roughly two-thirds of the total cost 
is fixed and that only one-third increases with an 


only, instead of 1-865d., a difference of nearly $d, 
per unit, 
Table 3 shows, for the same six years as before, the 


following data :— 


TABLE 3. 
1922 1923 1924 1925 1926 1927 
Total capital expenditure, in thousands of A 109 129 153 166 194 213 
Number of consumers ; 1 028 1 182 1 496 1 735 2 078 2 472 
Units sold per £1 of capital expenditure . a 23-4 24-8 25:0 29-2 23-9 22-1 
Units sold per consumer é 2 479 2711 2 561 2 793 2 237 1 501 


increase in the output, and conversely only one-third 
of the cost decreases when the output is reduced. The 
increase in the cost of current for 1927 is entirely due 
to the rise in the price of coal. If this had not taken 
place the curve of costs would have remained horizontal. 
The increase in financial charges is due to a loan of 
£10 000 for working capital and another of £5 000 for 
hired wiring, neither of which have at present benefited 
the department as regards increased output. There is 
also the full effect of a heavy increase in assessment. 

Table 2 shows the same details as Table 1, except 
that the costs are given per unit sold instead of in 
pounds sterling. 

Here it will be noticed that the effect of increased 
output in 1924 and 1925 was a reduction in cost per 
unit in all items except that of current, whilst the 
slight decreases in 1926 and 1927, coupled with increased 
capital expenditure, resulted in increased costs per unit. 

The jump in sundries in 1926 is due to extraordinary 
expenditure as follows :—Meters bought out of revenue 
instead of from loan, purchase of a motor van, drum 


The most noticeable features of this table are the 
rapid increase in the number of consumers and the 
rapid drop since 1925 of the units sold per consumer. 

The drop is, of course, accounted for by the fact 
that most of the consumers now being connected live 
in very small houses, use only about two lamps at a 
time and, therefore, consume very few units per annum. 
This naturally results in a heavy drop in units sold 
per consumer and brings out very clearly the need for 
cookers and other apparatus which will increase the 
use of electricity in private houses. The same remarks 
apply to “ units sold per £1 of capital expenditure.” 

With regard to the future, I am of the opinion that 
the turning point has been reached. The change-over 
has been completed and the town has been developed 
as far as a skeleton network and provision of substations 
is concerned, so that there will be no further heavy 
expenditure on mains and substations for some time to 
come, except for services and small additions of a few 
yards at a time. On the other hand, there is ample 
scope for the addition of new consumers in areas where 


70 YERBURY : SHEFFIELD SUB-CENTRE: CHAIRMAN’S ADDRESS. 


i eee 


new mains have been laid and where electricity has not 
yet been adopted. 

Moreover, the domestic tariff and cookers are begin- 
ning to find favour, so that there is an excellent prospect 
of increase in output with very little additional capital 
cost. In other words, the money has been spent and 
facilities have been given for a widespread use of 
electricity, and it now remains to encourage the copious 


consumption of current on the mains which have been 
provided. 

I trust that I Have been able to put forward an 
aspect of the supply business which may be new to 
some of those members who are engaged day by 
day in the purely technical side of the industry and 
whose duties may tend to be rather specialized and 
narrow. 
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By H. E. YERBURY, Member 


(Address delivered at SHEFFIELD, 19th October, 1927.) 


Going back in ‘memory through the past years and 
especially to 1908 when I had the honour of being 
Chairman of the Leeds Local Section of the Institution, 
itis gratifying to record that progress has been manifested 
in all engineering matters which are collectively so 
vital to the well-being of our country. 

When one reads observations or hears the voice of 
the critic, deploring the decadence in art, literature and 
music, etc., we are justifiably proud of the great and 
continuous achievements attained by scientific research 
and its applications ; for, instead of decadence, we know 
that progressive improvements take place from all 
engineering contributions, thus aiding the common- 
wealth of humanity and the general desire for a higher 
and better condition of existence. 

A Chairman’s address must of necessity be composed 
of generalizations, and were I to give reminiscences and 
dilate on the cycle of change evolved during the past 
20 years I could easily occupy more time than is usually 
given to the delivery of an address. 

As the greatest guide to the future is experience of 
the past, I feel it is better to visualize mentally the 
prospects and developments of the future, rather than 
mentally to turn back to the restful haven of verified 
knowledge and experience, believing as I do that there 
is no finality in any branch of engineering. As one 
engaged in the generation, distribution and sale of 
electrical energy, it is natural that I should re- 
gard the Electricity (Supply) Act of 1926 as one of 
ptimary importance and therefore demanding con- 
sideration, The passage of the Bill through Parliament 
furnished a striking example of the attitude set up by 
self and vested interests. Human nature is conser- 
vative and likes to be let alone. The tendency of modern 


science, by annihilating space and linking up the 


scattered places generally, is towards unity and co- 
operation. Inallbranches ofindustry there is a tendency 
towards combination. Individual concerns unite and 
there is a consolidation of an unexampled character 


throughout the world; yet this much opposed Act 
simply provides the ways and means for a virtual 
pooling of all electricity generated by municipalities 
and public supply undertakings. It is framed to direct 
into co-ordinated channels all future developments. 
In short, we are now by law compelled to think and act 
nationally. The tendency of legislation in any country 
is to touch more closely the daily lives of its inhabitants. 
It should be remembered that all legislation is imperfect. 
There is much of inequality in the operation of legislation 
of every kind, and time alone can determine whether 
legislation, generally, brings about the greatest prosperity 
and happiness to the greatest number. It is immaterial 
to the bulk of consumers to know from what source 
their supply of energy is derived. They are satisfied 
if the commodity is furnished at the lowest possible 
price. The result of the national electricity supply 
stocktaking has disclosed all figures of existing generating 
stations, from which a forecast may be made of future 
developments on the most efficient lines. It is obvious 
that if, instead of keeping, say, 30 per cent of spare plant 
in every station, this reserve can be reduced to 10 per 
cent by tapping an alternative source of supply if 
required, that 20 per cent of inert plant can be utilized, 
provided it is efficient, and the maximum output can 
then be obtained from a minimum capital outlay. 

It is the mark of the healthy mind that it is firm 
without being fixed, self-contained without being 
isolated, and, by deduction and induction, capable of 
taking the long view without running in a groove. 
Engineers claim to possess minds trained to assimilate 


‘new ideas and to arrive at correct conclusions. It 


appears necessary, however, to emphasize the fact that 
changing and changed conditions call for altered methods. 
As soon as men cease to react to their changing sur- 
roundings, reasoning is ended and stagnation ensues. 
As an example, the coal industry, the whole aspect of 
which is rapidly changing, may be cited. Many 


engineers have been content to purchase coal in a` 
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- haphazard fashion, and to remove at their own works 
the useless constituents, at a substantial cost. There is 
no doubt that as soon as engineers, as a corporate body, 
decide that coal should be purchased by analysis, 
colliery companies will meet their requirements. Coal 
for power stations should be graded and classified so 
that buyers may know in advance the quality and size 
of all coal purchased, and prices should be adjusted on 
calorific value. It is suggested that a bonus of 2 per 
cent should be allowed for each 250 British thermal 
units per lb. in excess of a predetermined value, and a 
penalty be imposed of 2 per cent per each 250 B.Th.U. 
short of that standard. It is unsatisfactory and 
inefficient to have in this country over 20 different sizes 
of washed and dry fuels, when about 6 should be sufficient 
for all purposes. i 

At the present time all large collieries have installed 
washing plants, and also dry-process cleaning and 
grading, and it therefore remains to be seen whether a 
definite standardized. grading and classification of coal 
from seams and pits will eventually be established. 

For comparative purposes, in place of the usual 
expression of “ Ib. of coal per kWh ” the fuel consumption 
should always be expressed in British thermal units 
per kWh, and coal clauses in tariffs should be framed 
on the basis of calorific values, this being the only 
equitable and scientific method of calculation. The 
basis of heat values should also be standardized, as it 
is undesirable to have for comparative purposes both 
gross and net values. The thermal efficiency of a 
boiler may be assumed to be 4 to 5 per cent higher if 
coal is taken on its net value. The Institution of Civil 
Engineers emphasize the use of gross or higher calorific 
value, in preference to the net value so often used in 
publishing high boiler efficiencies. 

The thermal efficiency of power stations has been 
improved within the past few years by at least 50 per 
cent, and a turbine thermodynamic efficiency of 85 
per cent is now possible. This improvement has been 
largely effected by an increase of steam pressure and 
temperature. Some stations can produce 1 kWh for 
14000 B.Th.U., with fixed charges based on a capital 
of £20 or less per kVA. We may expect in the near 
future to be able to generate 1 kWh for 11000 to 
12 000 B.Th.U. and the capital cost will be reduced to 
about £13 per kVA installed. 

The large amount of heat rejected to condensers is 
being reduced by tapping turbines for feed-water 
heating. This has a favourable effect upon the all- 
round thermal efficiency, and no modern station will 
be built without feed-water distillation, by means of 
preheating by extraction steam, with turbines designed 
for such service. Much higher boiler ratings are possible 
with the use of distilled make-up water, with a closed 
feed system. Air heaters of large capacity may be 
expected to take the place of economizers, and steam 
re-heaters will be largely adopted. In order to raise 
the efficiency of existing low-steam-pressure stations, 
we shall see in the near future the effect of interposing 
back-pressure turbines. It is not always advisable 
from a commercial standpoint to design for the highest 
possible efficiency, and each case must have careful 
consideration with regard to fuel, water, size of plant 


and working conditions. In short, efficiency and 
economy are not always synonymous terms. 

It is easy to visualize new base-load stations where 
more costly plant is justified. These would work under 
one set of terminal conditions, and with a high load 
factor and thermal efficiency, whereas under compara- 
tively low load-factor conditions and cheap fuel, and 
varying condensing water and back-pressure conditions, 
the highest efficiency plant may not be commercially 
justified. Although steam pressures of over 1000 lb. 
per sq. in. are being utilized, measurements of efficiency 
are made from heat contents and heat consumption, 
and it is the heat drop (in B.Th.U.) in turbines, etc., 
which is all-important and on which there has been a 
progressive improvement.. A thermal efficiency of less 
than 20 per cent will be deemed to be inefficient in future 
generating stations. The question of suitable materials 
determines temperature values. Although.much know- 
ledge has been gained on the weakening. of ferrous 
metals when subjected to high temperature, and also 
the phenomenon of “ creep” and growth of castings, 
engineers are careful to keep within about 750° F. until 
alloy steels are produced at such a price that their use 
under temperatures of 800° F. and above will not be 
prohibitive. Heat-treated cast iron and steel, and 
annealing processes, are now better understood, and less 
distortion may be expected under varying temperatures 
in the future. Electric welding has made such rapid 
progress that built-up rolled-steel sections are rapidly 
replacing castings for general electrical and mechanical 
work. Pre-war boiler ratings were about 3:75 Ib. of 
coal burnt per square foot of heating surface per hour, 
whereas from 8 to 10 Ib. can now be obtained, the life 
of refractories, through slag erosion and temperature, 
only limiting the rate of combustion. In order to leng- 
then the useful life of refractories, air is now largely used 
as a cooling medium and this heated air is used for 
combustion. Now that it is recognized that radiation 
from luminous flames is a very important means of heat 
transfer, water screens and water-cooled furnace walls 
are used, more especially in conjunction with pulverized- 
fuel installations. When low-temperature carbonization 
becomes a commercial success we may expect to see a 
development of pulverized-coke installations, this pro- 
cess, having regard to the value of by-products, being in 
theory the most efficient. 

Perhaps in due time we may have pipe lines conveying; 
under pressure or suction, pulverized fuel and gas 
direct to power stations from neighbouring collieries. 
In many cases this may prove a commercial proposition, 
although, for obvious reasons, reliance could not be 
placed on any one or two collieries for the entire supply 
to any important generating station. With the advances 
made in metallurgy we are witnessing the rapid passing 
away of steam boilers working at 200 lb. per sq. in. 
pressure with economizers and induced- and forced- 
draught fans. 

Although, in the past, the best commercial efficiency 
has been obtained from such low-pressure installations, 
the steam pressure in future will be at least 475 Ib. per 
sq. in., rising perhaps to the critical pressure of 3200 Ib. 
It is obvious that under the Central Electricity Board 
there will be a gradual elimination of inefficient and small 
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stations, idle plant will be reduced to a safe minimum, 
and eventually energy will be generated by units of 
large capacity working under the best possible conditions. 
The Severn Barrage investigation is still proceeding, 
and here again we shall see in due course whether it is 
cheaper to burn fuel or to harness the tides for the 
production of electricity. One important fact emerging 
from these schemes is that the location of many large 
power stations will be found commercially unsuitable 
to act as distributing centres for other than bulk supplies. 
This fact will seriously affect the price per unit to many 
industrial and domestic consumers. It is well known 
that transformation, transmission and distribution costs 
seriously affect the selling price per unit. These costs 
(including electrical losses) often approach, and some- 
times exceed, the cost of generation. Notwithstanding 
the fears expressed in regard to possible damage to 
overhead systems from snow, sleet, lightning, birds, 
aeroplanes,.etc., and also objections raised from the 
zesthetic point of view, we may expect to see hundreds 
of miles of such lines erected within the next 5 to 7 years. 
Doubtless ring or parallel lines will be erected, having 
regard to continuity of supply, which is essential. The 
e.h.t. voltage will be stepped down from 132 000. at city 
or other boundaries by two stages, the first being not 
less than 22 000 and the lower one being a standard 
pressure of 230 volts between phases and neutral. 
Town distribution will probably be by 4- or 5-wire 
underground cables, the fifth wire being used as a 
switch wire for public street lighting. 

It is regrettable that no big suburban railway electri- 
fication schemes are in progress around our big cities, 
for main-line electrification would undoubtedly follow. 

This load would give an impetus to general transmission 
and distribution schemes, and prove the greatest factor 
in lowering the cost of energy throughout the country. 
Until the financial situation is greatly improved it 
appears that electrical developments will have to proceed 
without a large prospective railway load. 

Overhead distribution is the only economical system 
for villages, rural areas and farms, and before consumers 
in these districts may obtain comparatively cheap 
electricity, wayleave charges now imposed on authorities 
will have to be revised, and also many safety regulations, 
for it has been proved that no serious accidents or 
inconvenience have been occasioned on the Continent, 
where less stringent regulations for the safety of the 
public are adopted. 1t is fatuous to expect that, 
whether overhead or underground mains and distri- 
butors are provided, consumers throughout England 
will, under any scheme, be able to purchase electricity 
at the same price as is now charged by many munici- 
palities and companies, for electrical engineers know 
that a universal price per unit is impossible unless it is 
effected to the detriment of the present most successful 
undertakings and their consumers. Colliery companies 
generating their own energy at a low cost are not 
enamoured with the national scheme, for they fear the 
result of the Board’s powers to adjust tariffs to balance 
their total expenses. 

In order to generate and sell energy at a low price 
a high load factor is required, and one of the problems 
of the near future is to find ways and means of bringing 


into existence this desirable factor, and also other 
factors which at present militate against a low selling 
price. 

Having due regard to the capacity and cost of 
generating plant, transformers, cables and equipment 
required to deal with energy supplied at low power 
factor, we shall doubless see a greater use of power- 
factor rectifiers in the future, especially at points where 
the wattless component arises. 

Consumers should be offered a financial inducement to 
install plant and apparatus which maintains a high 
power factor, and possibly in the future we shall have a 
standardized method of charging on a kVA basis. It 
would simplify matters if the ambiguity of rateable 
values, inclusive domestic rates, and discount rates 
could be cleared and, if possible, brought down to a 
standard method of computation with varying constants 
to suit different localities. The days of high-priced 
units are rapidly passing, and the two-part tariff has 
proved to be correct in principle, for a flat rate dis- 
courages development. An “encouragement factor” 
should be provided, whereby each consumer may use 
electricity for all purposes, with the knowledge that 
with a greater consumption a lower price per unit is 
attained. It should not be necessary for a consumer of, 
say, 5 h.p. to have at least one meter for the power 
circuit, another one for heating, and still another for 
lighting. This complicates the wiring and makes the 
installation expensive. We may expect to see power 
and heating under one tariff in the future, remembering 
that heating is at unity power factor although the load 
factor is comparatively small. There should be a gain 
or advantage shown to those consumers whose maximum 
demand diverges, in respect of time, from the aggregate 
maximum load demanded from a supply station. Such 
an encouragement factor is important to both supplier 
and consumer. A still further encouragement is 
necessary to entice manufacturers and others to use 
energy during the night, and we shall see differential 
rates adopted largely in the future. This will provide 
that increase of output which cannot, under the usual 
47-hour working week, be obtained otherwise. There 
is a great potential demand in every house for storage 
water-heaters, and there is no logical reason why energy 
should not be supplied during the night at a rate not 
exceeding $d. per unit, or at least 50 per cent lower than 
day rates. Many automatic time switches are now on 
the market, for switching over a supply to a separate 
meter, by energizing its shunt coil at a predetermined 
time. The cost of wiring houses might be lowered if 
flexible surface wiring were allowed on insulators, and 
the maximum demand controlled, if desired, by fitting 
special switches so designed that no two heavily-loaded 
circuits—say for a cooker and storage water-heater— 
could be used simultaneously. The cheapening of such 
switches and timing devices would give a great impetus 
to off-peak demands. As about 50 per cent of day- 
running plant is shut down in many stations at night, 
a portion of this could be loaded, and the works costs 
without standing charges, but including maintenance 
and repairs, will in many stations not exceed 0:25d. 
to 0-28d. per unit generated. It is possible that new 
industries utilizing electric furnaces could be established 
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in this country if electricity could be supplied from 
existing mains at between 0:3d. and 0-4d. per unit 
from, say, 6 p.m. to 6a.m. By the building up of a 
substantial night load, the total costs of production, 
and therefore the selling price per unit, could be reduced 
to day consumers. 

The first essential to the wide use of electricity in the 
majority of homes is an easy method of payment for 
the installation and small appliances which may .be 
readily used from any circuit. As the Government loan 
period for capital used for hire and hire-purchase of 
installations is 10 years, it is obvious that a tenant 
has to pay a sum annually which will liquidate the capital 
expenditure in that period. From a supplier's stand- 
point there is, in every credit system, the necessity of 
providing adequate capital, which is not always forth- 
coming at a cheap rate of interest. However, credit 
systems generally are becoming more popular each 
year, and it appears to be the only way of furnishing 
small consumers with their requirements. It is impos- 
sible to predict with exactness that equal profit (or 
loss) is likely to accrue from each class of consumer. 
The main object in view by municipalities in general 
is to render the best service at the lowest cost to the 
community. The refusal to supply any demand, if an 
immediate and substantial profit cannot be obtained, 
should be regarded as an abuse of the powers of monopoly. 
A postulate must be established, i.e. that at least the 
mean or average price per unit sold throughout any year 
must not fall below the mean or average total costs 
of production. 

There will always be anomalies in prices brought about 
by supplying energy at different times, and in different 
forms, hence commercial expediency and moral justice 
should be, and generally are, aimed at, without close 
scientific exactness as to the true relationship of total 
costs of production and selling prices. 

The following table shows the cost of 100 units per 
annum in Sheffield, and the advantages under the two- 
part domestic tariff and bulk supply :— 

£ s. d. 
Ordinary lighting flat rate—4d. plus-5 percent 115 0 
Inclusive domestic rate (house rated at £12) 
—10 per cent of rateable value, plus 0- 5d. 


per unit .. oe aire ar 1 9 7 
Slot meter, 4d. plus 5 per cent £1 15.0 
For hire of wiring, fittings and 
meter until 800 units are 
consumed £1 10 0 
3 5 0 


Manufacturers using 5 million units per annum 5 6 
Manufacturers using 50 million units per 

annum si Sg de i3 Es 4 12 

It has been proved that consumers on the inclusive 
domestic rate use about 75 per cent more energy than 
they did when they were charged on a comparatively 
high flat rate, thus proving the truth of the axiom that 
the lower the price of any commodity the greater is its 
use. Having regard to the cost of a service cable, etc., 
the aim should be to get the highest revenue, with an 
energy consumption spread over as many hours per day 
as possible. 


The installation of automatic equipment will be greatly 
increased in future, and mercury-arc rectifiers for 
traction work, each consuming up to 200 amperes, are 
now available, with valves carrying a l-year guarantee. 
If the cost of valves can be substantially reduced, and 
their life prolonged, they will replace rotary convertors 
to a great extent, more especially for light loads. 

In general electrical engineering there will be a 
tendency towards simplicity, with reliability and 
efficiency, and delicate relays and devices will be largely 
dispensed with. 

Although the number of engineers engaged in power 
station work will be reduced under the Government 
scheme, there is ample scope for originality in design of 
electrical plant, apparatus and fittings, and also a field 
for continuous enterprise in the distribution and sale 
of electrical energy, for there is scarcely any phase of 
life’s activities which cannot be improved by the use of 
electricity. 

I should now like to address a few observations to the 
Students of this Sub-Centre, to congratulate them on 
the useful work they are doing among themselves, and 
to assure them that the members of the Committee 
are only too anxious to assist them in every possible 
way. If I may venture to give advice, I would say “ Be 
ever on your guard against ‘finality’ in any path of 
investigation, for there is need for constant revision of 
our ideas.” Dogma in any form is intellectual hiber- 
nation. We know, for instance, that the amateur has 
proved that some orthodox teachings of science regarding 
wireless theory and practice were ill-founded. It is 
merely a commonplace to say that during the last decade 
we have seen how many supposed insoluble problems 
have yielded to patient study, and that kind of investi- 
gation which seeks nothing but the truth—whether the 
truth be unpalatable or not—whether it confirms our 
hopes or destroys them. Many problems have been 
solved, but fresh ones arise only to be tackled manfully 
and overcome in the same way, remembering that the 
** impossible ” is that which we have not yet learned to do. 

Prof. Einstein has extended knowledge to the remotest 


. and most abstruse point it has yet reached. His theories 


alter our concepts of time and space dimensions, and it 
appears that the only reason why we do not all believe 
automatically in four or more dimensions is, that the 
sense upon which we are trained to depend reports 
only upon three. 

Results are claimed in certain lines of research which 
fulfil the axioms of a fourth or higher dimension, and 
these are of a nature antagonistic to the tacit philosophy 
of the physicist and, if and when accepted, will involve 
a complete reconsideration of our ideas of time and space, 
and also of the structure of mechanical and electrical 
processes. 

Some present-day theories are nothing more than a 
fiction of the imagination, and are in no sense ultimate 
explanations, although they are undoubtedly useful, 
for they lead the way to further knowledge and dis- 
coveries. 

We have still no knowledge of what we call positive 
electricity, for the proton as a separate entity has never 
been isolated. It is a delusion to suppose that the 
naming of a phenomenon is equivalent to its explanation. 
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We postulate ether, but we cannot isolate it, for it is an 
intrinsically dynamic endowment of nature. Matter 
seems to be a temporary modification of the ether. 
Other modifications produce other results, and we get 
atomic embodiments such as electrons having mass 
characteristics. We should attempt to comprehend 
primary causation which always precedes “* process ” 
in this world of appearances. The binding forces acting 
on matter constitute the reality underlying all things 


and states. Ether is now believed to be responsible 


not only for gravitation but also for cohesion. It 
follows, therefore, that when we say we are straining 
or stressing matter, say a spring or a bar of steel, we are 
in reality moving matter, and straining that universal 
connecting medium which unites all atoms and which 
is known by the word “ ether.” 

An engineer’s watchword is efficiency. Asan instance, 
it is no stretch of the imagination to visualize com- 
paratively small amounts of power of short wave-length 
projected from a central station in parallel beams, 
which when reflected from metal mirrors (which are 
opaque to wireless waves), would produce narrow beams 
of energy. A half-wave oscillator in line with such a 
beam will emit energy for lighting and heating, and could 
be utilized without the usual wiring in houses. 

Although this is possible, everything must be judged 
by comparison of cost and efficiency with other sources. 
Could such a supply be provided in a house at a cost of 
0- 55d. per horse-power-hour, as is now available any- 
where in Sheffield under the inclusive domestic rate ? 
We can at the moment truthfully say “No.” Mean- 
while, high-frequency currents will be used for many 
industrial purposes. Many unusual problems will have 
to be faced in the future, and there is much scope for 
thought on original lines far away from tradition. Not 
the least of these problems will be the design and 
manufacture of super-high-tension cables for pressures 
up to 132000 volts, outdoor substations with trans- 
formers with series—parallel connections, and separate 


- low-tension windings, also the stable operation of large 


generating stations in parallel, with interchange of power 
and proper voltage regulation. Original methods will 
be adopted in the elimination of wide disturbances due 
to short-circuits which result in surges and phase dis- 
placements. The proper proportion of reactance to 
resistance will have to be studied, and reactors and 
high-reactance transformers with double parallel windings 
for boosting, or induction regulators, will be required, 
so that an increasing amount of energy may be trans- 
ferred from one constant-potential system to another, 


without serious phase displacements or change in the 
standard station voltage. It will doubtless be found 
that the solution of one problem will open up others 
which will be solved in due course. 

It is inspiring to be associated with a science and 
industry such as ours. Although physical laws and their 
applications are our closest study, we should not let 
mechanism dominate us. If we conceive a universe 
consisting of protons, electrons and ether, and nothing 
else, we belittle ourselves, and exist as beings with five 
senses and no spiritual perceptions for other values. 

In the larger sense, education means, or should mean, a 
broad knowledge of life and not merely of books, for life 
is its own interpreter of many problems, and all material 
processes are governed by it. A still closer co-operation 
is needed between the scientist and research worker, 
and the practical man, for the former should not be 
regarded as superior to the latter, as he only represents 
a different method of attacking problems. The value 
of theory depends upon its use, and invariably the 
practical man is needed to bring theoretical knowledge 
to a commercial success. 

As engineers, we have to interpret science in a far 
wider sense than was customary in the early days of 
the electrical industry. The demands made upon us 
are becoming much more exacting. They require a 
deeper foundation of knowledge, including ethics and 
economics, and the scientific mind study known as 
psychology, which is much more than an academic 
matter, for it means the ability to enter not only with 
sympathy, but with understanding, into the lives and 
minds of others, for the advancement and betterment 
of all, 

Moral development must keep pace with intellectual 
and material progress. Happily there are signs that it 
is possible to substitute understanding and goodwill 
for suspicion and distrust. Manufacturers of electrical 
plant and accessories have proved that co-operation, 
including payment by results, has effected an increased 
output and efficiency, and it is gratifying to know that 
by technical and administrative efficiency we now occupy 
the highest place in the world in the exportation of 
electrical plant and appliances. 

The chief requirements to-day are organization and 


: direction. Economics alone cannot entirely dominate 


industrialism. Let us therefore endeavour to bring into 
existence that atmosphere which is so necessary to 
produce industrial harmony, and a right adjustment of 
society for the well-being of all its members, remembering 
that civilization is the creation of goodwill. 
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DUNDEE SUB-CENTRE: CHAIRMAN’S ADDRESS 
By R. K. RoBERTSON, Member. 


“CONTINUITY OF SUPPLY.” 
(ABSTRACT of Address delivered at DUNDEE, 20th October, 1927.) 


In these days we frequently hear and read of a “ cheap 
and abundant supply of electricity,” but it is perfectly 
clear that an available abundance of generating and 
transmitting plant is not all that is required and, alone, 
can never be the means of making electricity cheap. 
It is surely obvious to most of us that the first essential 
through which electricity can become cheap is an ever- 
increasing demand for it, and undoubtedly such a 
demand will ultimately be followed by the second 
essential—an abundant supply. 

Our duty, therefore, is to encourage the community 
to make use of electricity for every possible purpose 
to as great a measure as reasonable limits allow, and as 
a means to this end we must endeavour to make the 
electricity supply offered for sale to the public a highly 
reliable agent, the all-important factor of such reliability 
being continuity of supply. The chief factors on which 
service continuity depends are reliability and proper 
arrangement and lay-out of plant, with highly skilled 
and thoroughly organized control and operation. If 
these factors are given prominence, it is reasonable to 
assume that service interruptions will be reduced to a 
minimum, the people of the town and country alike 
will welcome electricity as a faithful servant, and the 
demand will be built up on the solid foundation of 
reliability. 

The important work with which the supply engineer 
is therefore entrusted is, in a few words, the production 
of a high standard of service from the electricity supply 
in order to obtain and to keep the confidence of his 
consumers. 

To ensure continuity of supply the modern power 
station is invariably equipped with ample stand-by 
generating plant, and it must always be remembered 
that any action taken to ensure reliable service from 
this plant is totally defeated if the important link 
between the generators and the transmission system— 
namely, the main switchgear—is not.considered with 
the utmost care. 

On the main switchgear we entirely depend for the 
efficient transference of the lodd on our transmission 
networks to our generating plant, and should we be 
influenced to install unstable or inaccurate switchgear, 
or good switchgear but wholly unsuitable for our 
purpose, or serviceable gear without giving it either 
proper attention or maintenance, then we are surely 
weakening the link on the strength of which the successful 
operation of our whole system depends. 

In providing for the requirements of the larger power- 
generating plants in operation and under construction 
to-day, it has been found necessary to develop switch- 


gear of a very much more reliable and heavier type than 
heretofore, so as to satisfy the demands of the much 


heavier duties to be performed while maintaining 
` continuity of supply. 


Transmission pressures for public supplies have been 
greatly increased since the year 1919, when the highest 


_ Pressure in use in this country was 22 kV. “Within the 
following five years the maximum pressure in use had 


risen to 33 kV, which was again followed in 12 months” 


time by 66 kV, a value three times greater ‘than’ ‘the 
` maximum pressure used in 1919. 


We are, in the near future, to experience a il 
increase in transmission pressure when the Government 
transmission scheme at a working pressure of ‘132'kV 
is put into commission, and at these pressures such 
high outputs as will be experienced when we employ 
generating units of large capacities, require, in our 
pursuance of continuity of supply, switchgear of a very 
high standard of design and manufacture. 

This switchgear must be as simple as possible, and 
embody accuracy, a high degree of safety, easy and quick 
accessibility to and interchangeability of all important 
parts, and efficient and strong interlocking devices. 
Our switchgear should also be arranged to cccupy a 
minimum of space, and there seems little doubt that, 
whether for use in the switchhouse or out in the open, 
it should, if at all possible, be of the wholly metal-clad 
type. Experience has proved so far that this armoured 
type of gear gives more reliable service than other types 
of switchgear in use and, by virtue of its being entirely 
metal-clad, its installation is simpler and less expensive 
for equal service compared with other types-of switch- 
gear. 

There seems to exist in the minds of many supply and 
consulting engineers a great desire to expose to the atmo- 
sphere as much as possible of the whole supply system, 
but it is diffcult to conceive the reason for this. One 
point which may be made with confidence in this matter 
is that if our designers can be the means of building 
apparatus which excludes all outside interference, 
shields other important services from interference by 
our service, and at the same time performs its ordinary 
duties faithfully, in the interests of continuity of supply 
it seems unreasonable to allow their efforts to be side- 
tracked by open-type schemes of less merit from the 
point of view of reliability and maintenance. Safety 
and continuity of supply are to be found only in the use 
of robust and reliable switch and control gear embodying 
perfect mechanical operation, stability in protection 
and a high standard of insulation. 

The difficulties which have always to be overcome 
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in the transmission and distribution of electrical energy 
are mainly twofold, viz. technical and commercial, and 
it frequently happens that in meeting the technical 
difficulties we introduce difficulties of a commercial 
nature, or vice versa. 

Transmission and distribution are at present carried 
out by means of overhead lines, underground cables, or 
in some cases a combination of overhead lines and 
underground cables, each system being quite successful 
in the particular sphere best suited to its characteristics. 

In the design of a mains system for the supply to a 
township, village or rural area, however, the risks of 
failure of supply and the consequences of such failures 
should be carefully considered, and points such as the 
carrying out of routine maintenance without affecting 
the service and the restoration of supply in the shortest 
possible time, in the event of an interruption, should 
be factors of primary importance. 

At the present time there seems to be a great tendency 
to favour overhead lines in most cases for transmission 
over long distances, and in many cases for distribution, 
on the grounds that in certain circumstances the initial 
cost of the overhead system has been found to be less 
than the initial cost of underground cables, laid possibly 
to serve the same purpose, but under entirely different 
circumstances. These unfair comparisons have recently 
been made in a very general manner. An immediate 
reduction of the standard and a wholesale relaxation of 
regulations are demanded for overhead lines, and we 
can only deduce that in the minds of those calling for 
these easements it has been finally settled that methods 
of transmission and distribution by underground cables 
have little justification, especially in rural areas. Some 
of the arguments brought forward in favour of overhead 
lines are :— 


(a) Transmission is more easily carried out by over- 
head lines than by cables, as the former are 
more suitable for cross-country work. 

(b) Overhead lines will, when modified, be erected 
at a cost much less than that for which we can 
lay cables. 

(c) Overhead lines are simple to erect and are 
cheaper and easier to maintain. 


Such arguments will surely not convince us that 
underground cables which have been used for the 
transmission of electrical energy for so many years with 
great success are shortly to be superseded by overhead 
lines of very questionable performance. 

There is no reason whatever why underground cables 
should not be laid in agricultural lands, and for cross- 
country transmission the cable routes are usually the 
shorter when arable land has to be negotiated. As 
compared with underground cables, overhead lines are 
usually from 10 to 25 per cent longer in route length. 
Underground cables can be cheaply and quickly laid 
in agricultural land. In the process of laying, little 
damage is done and compensation for constructional 
damage is therefore much less than with overhead lines. 

Easement of regulations and reduction of standards 
are called for only in the case of overhead lines, which 
seems rather singular, as with underground cables 


manufactured to B.E.S.A. standards we have the 
highest standard of cables in the world. 

It must be admitted that cables of much cheaper 
construction could be adopted with perfect confidence, 
and there is nothing to prevent engineers from using 
cables of a lower standard, provided they do not wish 
for such a high factor of safety as has hitherto been 
demanded—in many cases quite unwarrantably. Also 
it should not be taken for granted that the laying of 
cables for either high-or-low-tension transmission will 
always be associated with navvies, picks and shovels. 
We already can, with the assistance of a thrust borer 
and six labourers, completely lay from 60 to 70 yards 
of cable per day of 84 hours’ duration at a total cost of 
113d. per yard, as compared with 2s. 6d. to 3s. per yard 
by the usual methods, and there is no reason to believe 
that this method of laying cables will not be superseded 
shortly by some other improved and cheaper system. 

Under similar conditions along a route of soft soil 
there is no doubt that the underground cable is the 
more easily constructed system, and so long as many of 
the initial charges, due to be allocated to overhead lines 
in position, are conveniently forgotten when calculating 
the cost of line per mile, just so long will the overhead 
line appear to the supply engineer inexperienced in this 
work to be the better initial proposition. 

With regard to the argument recently published that 
overhead lines are easier and cheaper to maintain than 
underground cables, we must either agree that these 
lines can be maintained at an infinitely small cost, or 
that such a statement is prompted by prejudice and 
lack of general experience. 

In many instances the estimated return on capital 
invested justifies the laying of high-grade cables, which 
are called upon to perform heavy duties in cases of 
densely populated or highly important industrial areas. 
There does not seem to be any reason in such cases to 
modify the present-day high standards, as these systems 
require all the guarantee of continuity of supply we 
can afford to give. On the other hand, we have to 
consider the supplies to small towns and villages and 
these country demands are likely to take a much longer 
time to develop than would be the case in the city. 
Even when fully developed they will require cables of 
heavier section for a given voltage-drop, due to the 
lower load density per unit length, and our pursuance 
of a much cheaper but reasonably reliable underground 
system is perfectly justifiable. 

It does not even then follow that our cheaper under- 
ground system will be the system of lowest initial cost, 
but it would be well to remember that the present 
striving for the lowest initial cost of a supply system 
can be overdone. The potential country consumer is 
to be, so far, allowed a free choice when deciding whether 
he will purchase electricity from the public supply 
system or one or other of its competitors. Competition 
is, as we all know, a great stimulant, and the chief 
competition with which we have to contend is the 
transmission of energy in a form other than electricity. 

Up to the present time little, if any, reduction in the 
present standard of insulation of underground cables 
has been made, but such modifications as reducing the 
wire armouring to a single layer in cases of e.h.t. cables 
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for direct laying, and dispensing entirely with wire or 
steel-tape armouring in cables for 1,t. systems, have 
been successfully adopted. Single-wire-armoured e.h.t. 
cables laid direct in the ground have proved to be quite 
successful and have recently been laid in large quantities 
in industrial areas as well as in agricultural ones. Also 
many miles of lead-covered and hessian-taped Lt. 
cables have been laid direct in the ground and have 
given highly satisfactory service in one particular case 
throughout the past six years. $ 

The reduction in cost effected in the case of e.h.t 
cables by employing only a single layer of wire armouring 
is from 20 to 27 per cent, and by dispensing with steel- 
tape armouring entirely in the case of our 1.t. cables the 
reduction in cost is anything from 15 to 25 per cent. 
Further economies, such as the reduction of the present 
standard of insulation in the case of small e.h.t. cables, 
are possible, and it might also be suggested that in the 
manufacture of these small e.h.t. cables stranded cores 
should be replaced by cores of solid wire of, say, Nos. 6 
to 8 S.W.G. Cables of this size and type operating at 
11 kV to 22 kV could be conveniently employed in the 
development of country areas, and would comfortably 
carry general loads of 400 kW at 11 kV, or 800 kW 
at 22 kV, for distances of 10 to 20 miles respectively. 

The present high grade of insulation of our cables 
could also for many purposes be reduced with perfect 
safety, and it is estimated that the total reduction in 
cost would be approximately 25 to 38 per cent for cables 
generally. These lower costs, with the further assistance 
of cheaper methods of laying, might in many cases turn 
the balance in favour of underground cables, the relative 
advantages of which as against overhead lines may be 
summarized as follows :— 


(1) Underground cables allow greater freedom of 
choice of transmission routes and of sites for 
substations, as, owing to topographical arrange- 
ments, it is almost impossible to arrange for a 
straight overhead line. Substations fed by 
overhead lines cannot be built in the most 
advantageous spots, owing to the great diffi- 
culties met with in negotiating buildings and 

- main thoroughfares. 

(2) Underground cables can be laid in much less 
time and with much less damage to land and 
crops. 

(3) There is a much greater guarantee of continuity 
of supply with underground cables, because few 
faults other than these due to subsidence and 
mechanical injury are experienced. Frequent 
interruptions are experienced with overhead 
lines, owing to their exposure to all atmospheric 
and many other forms of extraneous inter- 

- ference. 

(4) Faults in underground cables take some consider- 
able time to develop and in most cases shut- 
downs without warning can be avoided, whereas 
overhead-line faults generally develop without 
warning and thus cause cessation of supplies, 
frequently when the service is most essential. 

(5) Underground-cable ring mains provided with suit- 
able protective apparatus are highly reliable, 


as it is very improbable that both sides of such 
ring mains will develop faults simultaneously. 
On the contrary, overhead lines used in a 
similar manner give little guarantee of con- 
tinuous service as they are liable to break down 
due to atmospheric disturbances which will 
probably affect both sides of the ring system. 
(6) Underground cables, being free from atmospheric 
interference and allowing high-voltage static 
charges to pass readily to earth, safeguard the 
apparatus used in their circuits from the damage 
and sometimes total destruction experienced 
when overhead lines are employed—notably 
with 1.t. overhead circuits, in which case the 
insulation of the apparatus is of a comparatively 
lower value than that employed for h.t. circuits. 
(7) The inductive voltage-drop is much less in under- 
ground cables, and this drop can be further 
reduced by using wire in place of steel-tape 
armouring or by using lead-covered cables only. 
(8) Underground cables tend to raise the power 
factor of the system as a whole and improve 
regulation, whereas overhead lines tend to 
lower the system power factor and thereby 
burden the system with poor regulation. 
(9) For equal service, underground cable maintenance 
charges are generally lower. 

(10) Interference with other important public services 
is mostly avoided by the employment of under- 
ground systems, due to the fact that the 
harmonics rarely pass the lead covering. 

(11) The security of the underground supply system 
is not reduced by laying e.h.t. and 1.t. cables 
in the same cable trench where required, but, 
even were such a system recognized in this 
country, there is no sense of security in sup- 
porting e.h.t. and 1.t. lines on the same poles. 

(12) For esthetic reasons underground cables are 
preferable. 


In pursuance of reliable and continuous service, 
underground cables are more and more superseding 
aerial lines for telegraph and telephone service—notably 
for the telephone service—and it is also found that in 
various other instances, where continuous service is 
recognized as being highly important, insulated aerial 
lines are used until such time as underground cables can 
be employed. 

Underground cables up to 60 kV are now in common 
use and it would be well to remember when considering 
their use that e.h.t. cables are only modifications of 
designs originally developed for cables for much lower 
working voltages. There are, in fact, in operation 
to-day underground cables working at 132 kV, and 
although the general application of such cables for 
transmission over long distances may be prohibitive 
commercially at the present time, we may depend on 
our cable makers finding some means of providing us 
with a reliable and commercially sound underground 
transmission suitable for these and the possibly higher 
working voltages likely to be employed in the near 
future. 

In comparing underground and overhead systems of 
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transmission and distribution it is very difficult to 
express a general opinion as to the respective costs of 
the two systems, and, before generalizing, a careful study 
of the particular requirements is highly essential. 

When considering the various methods of high- 
voltage distribution at present in operation with a view 
to arriving at some standard arrangement suitable for 
use in most cases of country distribution, it appears 
that voltages of 11 kV to 22 kV are most convenient 
for this class of work. Transformers, switchgear and 
other apparatus, and materials employed in making 
connections to systems working at these voltages, are 
highly reliable and comparatively low in cost and 
allow reliable and cheap connections to be made at 
the 1.t. feeding point. When designing our trans- 
forming stations, however, 1t is just possible that we are 
apt to overburden these substations or transformer 
pillars with an excess of protective and isolating equip- 
ment, thereby incurring an appreciable extra capital 
expenditure and a considerable amount of unnecessary 
expense for maintenance. Any such superfluous 
apparatus in most cases adds more to the likelihood of 
breakdown than to the guarantee of good service. In 
performance the transformer is comparable with the 
underground cable and surpasses the overhead line in 
reliability, and it is questionable whether we should 
continue to provide many of our cables and lines with 
protection against transformer breakdowns which are 
as unlikely as faults in other apparatus not usually 
protected. 

The present custom of providing each transforming 
point with e.h.t. protection has therefore in some cases 
been entirely dispensed with and has been replaced by 
a modified arrangement taking the form of what might 
be termed e.h.t. sub-circuits. Such sub-circuits are 
connected to the main feeders through automatic oil- 
immersed circuit breakers or oil-immersed switch-fuses 
as required, and are laid along highways or across 
country, as may be required, to provide for convenient 
connections where transforming stations are most likely 
to be built. At the transforming points a single trans- 
forming unit is tee-connected direct to the e.h.t. sub- 
circuit, and the connection to the transformer is made 


by means of a cable-end box which also serves as a 


support for the transformer terminals and which is 
fixed to one side of the transformer tank. Fixed to the 
opposite or 1.t. side of the tank in a similar manner is a 
combined 1.t. cable-sealing box and ironclad fuse panel 
arranged for the connection of a 5-core 1.t. feeder of a 
size suitable to the transformer output. The 1l.t. fuse 
panel is provided with four main fuse carriers and one 
neutral link, and this arrangement serves for the fusing 
of the outgoing three-phase four-wire system and also 
for the fusing of the street-lighting switch-core which is 
embodied in most of the 1.t. cables now laid in country 
areas, To facilitate the examination and renewal of 
fuses or the taking of readings of current each 1.t. fuse 
base is fitted with two sets of contact clips connected 
in parallel so that while one fuse carrier occupies one 
set of contacts a spare plug carrying either a new fuse 
or ammeter connections may be inserted in parallel 
with it and the working fuse withdrawn without dis- 
turbing the service. The fourth fuse with its spare 


contact clips is so arranged that the public lighting load 
with which it is in circuit may be transferred from one 
phase connection to another when required to assist 
load-balancing processes. The complete transforming 
unit is entirely metal-clad and may be mounted in the 
open, although by the provision of a sheet-steel cover 
the unit can be kept in a clean condition and all parts 
can be securely locked by a single lock. A sheet-steel 
cover of the hat-box type is usually employed and is of 
simple design and construction comprising two parts, 
body and lid, of approximately equal weight. Provision 


is made for ample ventilation and in case it is found . 


necessary to replace the transformer with a spare unit 
the complete housing is so arranged that it may be easily 
removed in quite a short time. In replacing a trans- 
former unit, after removing the sheet-steel cover, it is 
only necessary to unfasten the e.h.t. and 1.t. connections 
inside the transformer and the cable boxes which are 
bolted to the transformer tank, when the transformer 
can be drawn aside and replaced with a spare unit 
without any disturbance of the cable connections. 
Arrangements have been made to build the trans- 


. formers for these units in sizes of 5 kVA to 100 kVA, 


three standard sizes of transformer tanks being provided 
to cover conveniently the complete range of outputs. 
In the case of the lowest range—5 kVA to 25 kVA—the 
transformer tank is designed to accommodate trans- 
formers of either the three-phase or single-phase type, 
so that in cases of supplies to large country houses or 
a number of small houses where heavy current demands 
for domestic heating and cooking have to be dealt with, 
single-phase supplies up to 25 kVA may be given. As 
all connections between the e.h.t. sub-circuit and the 
transforming units are arranged for three-phase supplies, 
any out-of-balance of the e.h.t. three-phase system due 
to the use of a number of these single-phase units may 
be easily adjusted. 

The erection on site of these transforming units is 
simple and quick, as the complete unit, including its 
concrete foundation, can be transported to a chosen 
site by road wagon and laid down in a few hours’ time. 
The outside dimensions of a unit of 75 kVA capacity 
are 4 ft. x 4ft. x 4 ft. 6in. high and little trouble is 
experienced in acquiring suitable sites for these units. 
The sites required for the e.h.t. circuit breaker or oil- 
break fuse at the feeding end of the e.h.t. sub-circuit 
are similarly easy to acquire, as these pieces of apparatus 
take up even less space than the transforming units 
themselves. 

In generally applying this system of distribution 
at pressures of either 11 kV or 22 kV to the country 
areas, it is hoped that in most cases it will be possible 
when supplies are required for country towns so to 
arrange matters that the e.h.t. cable trench can accom- 
modate a considerable length of the 1.t. cable system, 
in which case the total cost of cable-laying will be 
appreciably reduced. The site chosen for the initial 
transforming unit for a small town supply will be as near 
as possible to the centre of the area in which the initial 
demand is made, and as the load builds up throughout 
the town further transforming units may be installed 
at suitable points until the system is complete, when it 
will comprise a number of separate 1.t. networks, each 
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fed by its own transforming unit. These small networks 
may have a number of distributors of small section 
radially arranged and possibly extending not further 
than 440 yards away from the point of feed. For 
supplies to small villages a single transforming unit of 
50 kVA will in most cases serve the purpose, and for 
supplies to farms and country houses units of 25 kVA 
will generally meet requirements. In arranging to give 
supplies to farms and large country houses where such 
supplies are required some distance away from the 
track of the e.h.t. cable the applicant will be required 
to provide the necessary connection between his pre- 
mises and the point of supply, which connection may 
be of either the underground or overhead type maintained 
by the consumer and therefore arranged with some 
form of 1.t. isolating gear under his control. Many farm 
and country-house supplies are given at present on 
similar lines and it is interesting to note that the farmer 
and country resident in our part of the country in 
erecting their overhead lines over their own land, pay 
little attention to overhead line regulations but a great 
deal of attention to avoiding the planting of poles in 
arable land, which seems to signify that such obstacles 
are a real nuisance to the agriculturalist. 

Compared with a system of distribution embodying 
a centralized substation or kiosk built and installed 
with plant suitable for an estimated final demand 
unlikely to materialize for a considerable period of time, 
and feeding an overhead distribution system of fairly 
large section or heavy final voltage-drop, the e.h.t. 
sub-circuit system with its separate transforming units, 
installed when and where required, feeding its light- 
section short networks has much to commend its adoption 
for supplies in the rural areas. With the former system 
practically the whole capital expenditure of a trans- 


forming station necessary for the total estimated load . 


will require to be borne from the outset, and the distri- 
butors, even if only erected in short lengths as required, 
will in most cases require to be of a cross-sectional area 
suitable for final demands. | 

It will also be observed that although the factor of 
reliability in most designs of suitable substations and 
kiosks is very high, the factor of reliability of the 
proposed cheap overhéad lines to be used in connection 
therewith will be low, and therefore continuity of supply 
to the area served will be of a doubtful character, due 
to an unevenly distributed factor of stability. 

In the larger country towns also, a spare transforming 
unit will be necessary to ensure good service, and such 
an arrangement - will further increase the substation 
capital cost and thereby add to the capital cost of the 
system. ; 

With the employment of the e.h.t. sub-circuit system 
embodying adequate e.h.t. protection and underground 
distributing systems the overall factor of reliability 
will be high. 

In cases of supplies operated on this system to the 
larger country towns as the loads build up and the 
distributing systems from each transforming unit meet, 
suitable 1.t. network link connecting boxes may be 
connected into the system at these points and used to 


interconnect the separate 1.t. systems in the event of 
a transformer interruption. This arrangement ensures 
good service and, in doing so, obviates the extra expendi- 
ture incurred in providing a spare transformer for each 
area supplied. It is also worthy of note that under 
normal working conditions 1.t. fuse or cable failures 
experienced on a system comprising more than one unit 
will not affect the whole system, as is usually the case 
in schemes supplying small towns and villages through 
a central substation. E.H.T. sub-circuits working 
at 11 kV are at present installed and operating, 
and arrangements have in some cases already been 
made for feeding six points of 1.t. supply from a 
single sub-circuit. By careful lay-out of the small 
e.h.t. circuit cables serving different areas it is hoped 
to enhance further the utility and reliability of the 
schemes by gradual interconnection of these e.h.t. 
circuits which will be tapped off different main feeders 
or the same main feeder at widely spaced points. Also, 
as demands grow, gradual elaboration of the protective 
apparatus will be effected, and in this manner the pioneer 
units will ultimately become sections of a highly stable 
system of supply after having performed reliable and 
therefore highly commendable pioneer service. The 
gradual building up of a good-class supply service at a 
relatively low capital cost seems preferable to the 
investment of funds in a temporary pioneering over- 
head system of low class, which may not even in its 
pioneering period embody sufficient reliability to recom- 
mend its own service, far less the service of its under- 
ground successor. 

In countries abroad we find that distribution experts 
recommend transmission by underground cables to be 
a safer, less expensive, and less disturbing means of 
transmission of electrical energy, and recent reports 
reaching this country tell us that it is obvious that 
Continental engineers are taking far more interest in 
underground cables for e.h.t. transmission than was the 
case some years ago. The prestige held by our employ- 
ment of the underground system is certainly more than 
worth the difference in initial costs between a reliable 
cable and a doubtful line. In cases of 1.t. distribution, 
therefore, if we are in search of reductions of standards, 
or easements of regulations, or both, we should seek 
them in the best interests of our service, other important 
public services, and public safety, and it is improbable 
that we shall ever attain the ideal system of distribution 
by starting where others of greater experience have 
left off. 

In making the supply of electricity sufficiently 
attractive to build up these demands, which will neces- 
sitate the much talked-of abundant supply, economy 
and continuity of supply are the factors which must be 
observed in eyery process of the production of the 
electricity and its safe delivery to the consumer. 

On the other hand, unreliable production and delivery 
will only defeat our whole object, and to employ the 
help of the British Electrical Development Association 
or other kindred methods of propaganda is useless if 
at the same time we fail to provide a reasonably cheap 
and reliable service. 
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1716014 ORDINARY MEETING, 20TH OCTOBER, 1927. 


Dr. W. H. Eccles, F.R.S., Past-President, took the 
chair at 6 p.m. 

The minutes of the Annual General Meeting held on 
the 5th May, 1927, were taken as read and were con- 
firmed and signed. 

A list of candidates for election and transfer, approved 
by the Council for ballot, was taken as read and was 
ordered to be suspended in the Hall. 

Lists of donations to the Benevolent Fund (see 
vol. 65, pages 651, 731, 828, 910 and 976), were taken 
as read and the thanks of the meeting were accorded to 
the donors. 

The Premiums and Scholarships (see vol. 65, pages 649 
and 827) awarded during the session 1926-27 were 
presented by the Chairman to such of the recipients as 
were present. The Chairman also presented to Mr. 
W. R. Cox, B.E., the Coopers Hill War Memorial Medal. 

The chair was then vacated by Dr. Eccles and taken 
by Mr. Archibald Page, President, amid applause. 

Mr. Roger T. Smith : Dr. Eccles is the forty-fifth 
President who has passed the chair of the Institution, 
and it is interesting to contemplate the variety of 
electrical work represented by these forty-five. Among 
Dr. Eccles's activities he has taught electrical engineering 
and advised the Government on wireless. It is amazing 
to think in how short a time the engineering of great 
stations for wireless transmission and reception has 
become one of the important works of engineering, 
both in this and in other countries. One domestic 
event of great importance has occurred during Dr. 
Eccles's presidency—the rearrangement, I sincerely 
hope for the last time, of the grades in the Institution 
to suit the fact that we represent a great industry and 
wish to consider and encourage all aspects of it. That 
rearrangement will, in due course, be submitted to a 
General Meeting of the members. The conduct of the 
affairs of this great Institution demands an amount of 
time, thought and hard work on the part of the 
President which does not diminish as the Institution 
grows. For his very successful handling of his multi- 
farious duties it is my pleasure and privilege to propose 
the following resolution: “ That the best thanks of the 
Institution be accorded to Dr. W. H. Eccles, F.R.S., 
for the very able manner in which he has filled the 
office of President during the past year.” 

Mr. F. Gill: I feel it a great honour to be associated 
with this vote of thanks, and it is a greater pleasure 
in that.I have been fortunate to be associated with 
Dr. Eccles in some joint work during which I have 
had the opportunity and the privilege of appreciating 
some, at least, of his qualities. I think the Institution 
has been very fortunate in its choice of a President. 
We already knew Dr. Eccles as an eminent authority, 
particularly in radio work, and as a teacher of electrical 
engineering. But during the past year he has demon- 
strated that he is also a capable man of affairs, a leader 


of men, one able to plan and to perform, and the 
Institution has had the benefit of all those qualities 
which he has given unstintingly. The office of President 
of the Institution is not a light affair. It demands a 
great deal of personal sacrifice, labour and responsi- 
bility. On the other hand, it is, of course, a tremendous 
privilege to be called upon to fill the office, and I feel 
sure that Dr. Eccles will always be glad that he has had 
this opportunity of serving his profession. All classes 
of members of the Institution must feel a great debt of 
gratitude to him for the work which he has done for 
the Institution, for the way in which he has represented 
it, for the manner in which he has presided over 
Ordinary Meetings and Council Meetings, and for the 
inspiration which he has given to us all. For these 
services, which I have so inadequately described, I 
have the greatest pleasure in seconding the vote of 
thanks moved by Mr. Roger Smith. 

The resolution was then put to the meeting by the 
President and was carried with acclamation. 

Dr. W. H. Eccles: I have, of course, the very 
greatest pleasure in thanking the mover and seconder 
of this resolution for the kind words they have used 
in speaking of my term of office, and I thank the 
members present also for the cordial way in which 
they have endorsed those expressions of feeling. If I 
have done anything to help and strengthen the Insti- 
tution during the past year, if I have done anything to 
uphold its prestige and influence in the world in general, 
I ought to be very happy, for is it not the ardent 
ambition of every member of every grade of this Insti- 
tution to give the utmost service he can render to the 
Institution ? This whole-hearted loyalty of all ranks is 
one of the most pleasing revelations that meet a 
President as he goes from meeting to meeting. All the 
gatherings he attends show that the rank and file have 
the greatest enthusiasm for the welfare of the Institu- 
tion, and that they wish in every way possible to 
support the President. This solidarity, I think, augurs 
very well for the future of the Institution, and in 
addition it enables the President to do his best for the 
Institution cheerfully and with an easy mind. I must 
not forget to add that the burden of the President is 
very greatly lightened by the fact that we have a very 
efficient secretariat. The kindness and thoughtfulness 
of Mr. Rowell and his staff during a President’s year of 
office make comparatively light a task that might 
otherwise be impossible. I think I may close my 
remarks and my year of office by repeating what I 
said at the beginning of my year of office, namely, 
that it is really my part to thank the Institution for 
doing me the honour of making me President and 
trusting me in the high position in which they placed me. 

The President then delivered his Inaugural Address 
(see page 1). 

Mr. LI. B. Atkinson: The pleasant task has been 
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placed in my hands of asking those present to pass a 
resolution of thanks to our President for the splendid 
Address to which we have just listened. Before doing 
that I should like to read a few paragraphs from a 
letter addressed by one of our Past-Presidents, Sir 
John Snell, Chief Electrical Commissioner, to Mr. 
Rowell. [Mr. Atkinson then read extracts from the 
letter which will be found below at the end of his 
remarks.] I am sure we shall all endorse the state- 
ment which Sir John makes as to our friendly feelings 
for our new President. We have listened to an extra- 
ordinarily interesting and instructive Address—an 
Address which, when it appears in the Journal, will, I 
am sure, be read with interest over and over again, 
not only by those who have listened to it to-night, but 
by the whole body of the members. Our President has 
given us a brief history of the past steps in the growth 
of the electrical supply industry; he has touched on 
the present; but, what is much more important, he 
has dealt in a very clear way with the programme 
realizable, and even now being realized, for the future. 
Removing from the programme all those fantastic 
ideas which were founded rather on political necessities 
than on economic facts, he has given us the beacon 
stars from which all of us may take our own bearings 
and guide our own course, whatever our interests or 
whatever our position in the industry may be. With an 
experience of the past which is the equal of that of 
anyone else in the industry, and with a knowledge of 
what may be done in the present, because he knows 
the lines on which everything is being laid down, he 
has placed before us a very simple, but very clear, 
picture of what we may expect to achieve in the future. 
The concluding paragraph of his Address called for 
co-operation. I feel quite sure that, the situation being 
what it is, we shall all accord that co-operation one to 
another which will enable us to give to the public a 
great service in the best possible way, and which will 
enable those of us who have waited in uncertainty for 
many years to go forward with a perfectly clear 
objective and reap the harvest which lies ready for us. 
I have, therefore, very great pleasure in proposing the 
following resolution: “That the best thanks of the 
Institution be accorded to Mr. Archibald Page for his 
interesting and instructive Presidential Address and 
that, with his permission, the Address be printed in the 
Journal of the Institution.” 

[The letter referred to by Mr. Atkinson is the follow- 
ing:— 


“ HILLSIDE, 
FowEyY, CORNWALL, 
Oct. 16th, 1927. 
“ DEAR MR. ROWELL, 

“I am greatly disappointed at being prevented 
from attending the meeting on the 20th inst., as I am 
having a rest in Cornwall after a specially strenuous 
time. I wished particularly to be present for the 
Address, not only because the new President is a much 
esteemed former colleague on the Electricity Commis- 
sion, but also because he is a friend for whom there 
has grown up a great affection engendered by his own 
high personal characteristics and qualities. 


VoL. 66. 


THE INSTITUTION. SI 


“ I am grateful for having had the special opportunity 
of reading the Address a few days in advance of its 
delivery. J have read it with absorbed interest, for it 
is a sane and well-considered pronouncement on the 
present position of the electric supply industry and on 
the great developments which, we believe, lie ahead 
of us. 

“ The Address will, in my view, become historic. It 
certainly comes at an opportune time. It will, on the | 
one hand, help to give a right perspective in place of 
the exaggerations which have been uttered from time 
to time of.the results expected to come from the most 
recent Electricity Supply Act. On the other hand it 
will, I believe, bring home to some of our members the 
truth that though they may lose a generating station 
they will gain a larger and more influential sphere of 
work in concerning themselves with the technical and 
business problems arising from well-planned distribution 
systems and with the better commercial development 
of their undertakings. 

“I am in complete accord with the President’s 
remarks and have noted with special interest the 
emphasis he lays on the need for better distribution 
and the development of local load factor. 

“It is well known that the Commissioners have had, 
and still have, a very heavy task—or succession of 
tasks—to perform and they cannot do everything at 
once. We believe that the problems of generation 
and main transmission are now in the way of being 
satisfactorily solved and set along the right lines to 
cope with the great expansion which lies before us, 
and also that the way has been opened to afford supplies 
in hitherto untouched areas. 

“ The Commissioners are steadily proceeding towards . 
the establishment of standard systems and declared 
pressures of supply—they are fully alive to the need 
for better facilities for overhead lines and the encourage- 
ment of research in, for example, the use of higher 
pressures in cables and so forth. Steps are, in fact, 
being taken by the Commissioners to deal with these 
matters. The supply industry, with its customary 
fairness, will, however, recognize that the tasks which 
fall to the Commissioners are really very heavy and 
unceasing in the new demands continually arising, and 
these things take time. 

“I am glad to see the President speaks of the 
assistance we can obtain from developing such water 
power as we possess in Great Britain. I have long been 
an advocate of this policy and have been specially 
interested in the utilization of our water-power resources. 
Already this work progresses in the Lochaber scheme 
now under construction, in the Falls of Clyde already 
nearing completion, and in the Grampians scheme for 
which Parliamentary powers have already been granted: 
That these and other large sources of power in Scotland 
and in North Wales will be fully utilized in the future, 
I have no doubt, and the advent of the Central 
Electricity Board .will materially affect and accelerate 
that development. . 

““ The Central Board has been auspiciously set up 
with the right man in the right place as Chairman, 
Sir Andrew Duncan, and it is an honour both to the 
Institution and to the Board that the new. President 
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should also hold the office of engineer-in-chief of that 
most responsible body. 

“I repeat how keenly disappointed I feel at my 
enforced absence from next Thursday's meeting. I 
most heartily wish the new President good health and 
strength during his year of office, and that during the 
ensuing 12 months a notable advance may be made to 
the evergrowing influence and prestige of the Institution, 
which our new President's personal qualities will certainly 
assure. 

“ Yours very sincerely, 
(Signed) JOHN SNELL.””] 


Mr. C. P. Sparks: I have very much pleasure in 
seconding the vote of thanks to the President for his 
able Address. The Address emphasizes the wisdom of 
our selection of a man for our President who has an 
exceptional knowledge of electricity supply from both 
a company and a municipal point of view, tempered 
by five years’ special experience as an Electricity 
Commissioner. 

The resolution was then put to the meeting by Dr. 
Eccles, Past-President, and was carried with acclama- 
tion. After the President had briefly replied, the 
meeting terminated at 7.30 p.m. 


761sT ORDINARY MEETING, 3RD NOVEMBER, 1927. 


Mr. Archibald Page, President, took the chair at 
6 p.m. 

The minutes of the Ordinary Meeting held on the 
20th October, 1927, were taken as read and were 
confirmed and signed. 

Messrs. Albert Page and R. N. Pegg were appointed 
scrutineers of the ballot for the election and transfer of 
members and, at the end of the meeting, the result of 
the ballot was declared as follows :— 


ELECTIONS. 


Members. 


Pink, Ernest Alfred. Simmance, James Herbert. 


Associate Members. 


Mountain, Reginald Wil- 
Bertram, Charles. liam, B.Sc.(Eng.). 

Best, Frederic Lafargue. Murdoch, Percy Male. 
Bindloss, Edward Chris- Place, William Illingworth, 
. topher, Lieut. -Comdr., M.Sc. 

R.N. Riley, Edgar Strettell. 
Cock, Charles Matthew. Roberts, RichardThomas C. 
Deem, John Stanley L. Steel, William Arthur, 
Greenstreet, Robert. B.A.Sc. 

Greig, Alexander. Towers, Robert. 

Lambkin, James William.  Wellings, John Gale. 

McHatton, George Terence. Weston, Wilson Francis. 
Wilcox, Leonard, M.Sc. 


Bastow, Frederick. 


Graduates. 


Buckell, Victor Charles H. Hill, Wilfred. 

Chaplin, Walter Richard. Huggett, William Henry. 

Cottier, John Percival. Hughes, Alfred. 

Cowen, Arnold Benjamin. Jones, Rupert Leonard. 

Dallison, Philip Henry. King, George Herbert. 

Drew, Gwerfyl Emrys. Macdonald, JohnRoughead. 

Dustan, John Clifton. McKay, Hugh Stewart. 

Evans, Rhydwyn Harding, Matthews, Percy Ira S., 
B.Sc. B.Sc. 

Gardiner, Robert, B.Sc. Milton, Arthur Victor. 


Tech. Minister, John William. 
Ghadiali, Manchersha Munro, George Hector. 
Edulji. Nicholson, James Shepherd. 


Hayman, William George O'Brien, John Andrew. 
I., B.Sc., B.E, Ord, Thomas Charles. 


Graduates—continued. 


Peers, James Henry R. 
Phillips, Russel Vernon. 
Pryer, Francis Joseph M., 
B.Sc.(Eng.). 
Ramsay, William George. 
Rimmer, Ernest James. 
Sale, Arthur Jack. 
Sargent, John Alexander. 
Sinha, Abani Kumar. 


Stewart, Arthur Hay. 
Swainsbury, Horace. 
Symonds, John. 
Taylor, Conway, B.Sc. 
Waite, Frederick James G. 
Webster, Horace Bernard. 
Williams, Osmond. 
Williams, Robert Vernon 
C. 


Students. 


Arte, Dattatraya Bhaskar, 
B.Sc. 

Barton, Charles Henry. 

Bhandari, Raghbir Chand, 
B.Sc. 

Boyce, Eric Raymonde W. 

Braddell, Henry Norman. 

Buckley, Sidney Ernest, 
B.Sc. 

Chappell, Albert WilliamT. 

Conway, Cyril Downing. 

Cross, Edward Alfred G. 

Davies, Kenneth Silvanus. 

Drabble, Colin. 

Dwyer, Colin Henry. 

Evans, Ivor Griffith. 

Firth, Percy Arnold. 

Foden, George Emil G., 
B.Sc. 

Galea, Joseph Patrick. 

Gaskell, John Leonard. 

Hanlon, Frederick Alex- 
ander. 

Haque, Mohammad Abdul. 

Harrison, Thomas. 

Hay, John Herbert R. 

Hibbert, John Warren. 

Holt, Leonard. 

Horley, Frank Albert. 

Innocent, HaroldFrederick. 

King, James McEwen. 

Lambert, John Douglas. 

Leach, Fred. 

Lewis, Victor Alfred. 


McGregor, Archibald 
Andrew D. 

McKeich, Colin Harrie. 

McNeil, Hector. 

Maffett, Edward Hamilton 
B. 

Maynard, Reginald David. 

Nathan, Maurice Elias. 

Newman, Percy Laurence. 

Ogston, William Graeme. 

Pearce, Arthur Cecil. 

Pearce, Frank Bryan P. 

Phillips, Ambrose Robert 
C 


Proudfoot, Thomas. 

Prowse, Reginald Morley. 

Rao, Kotty Venkat. 

Risbee, Frank Carrington. 

Rudd, Charles Henry. 

Samarasekara, John Vin- 
cent R. 

Saville, John. 

Sen, Mani Kanta. 

Singh, Tirath. 

Skuse, Cyril Edwin C. 

Smith, Frederick Albert. 

Smith, Leslie Arthur. 

Snelling, Charles Arthur. 

Steel, Walter Scott, 
B.Sc.(Eng.). 

Sutton, Richard’ Thomas. 

Swindall, Reginald William, 

Tabb, Cecil Stanley. 

Tandan, Jai Jai R. 
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Students—continued. 


Thorpe, Frederick 
Alexander. 

Topham, Harry Bradley. 

Townrow, John. 

Veitch, Robert Davidson. 

Waters, Malcolm. 

Watson, Michael Bower. 


Watson, Struan Robertson. 
Webster, Charles Thomas. 
Williams, Lewis Wilton. 
Wood, John Lind. 


Woodroffe, Daniel Norman. 


Woods, Stuart Alexander. 
Wrigley, William George. 


Associate. 
Anderson, Frederick William M. 


TRANSFERS. 


Associate Member to Member. 


Annett, Harold Edwin. 

Brent, Herbert Cyril, B.Sc. 

Bright, Victor Atkinson. 

Cockshott, William Joseph. 

MacAlister, Alexander 
Percy. 


Mortimer, Harold Edward. 
Preston, Ernest Bloxsidge. 
Riley, Thomas Nixon. 
Romero, Leopold. 

Shaw, Frank, B.Sc.(Eng.). 
Stamp, William Frederick. 


Graduate to Associate Member. 


Angier, John Ralph T. 
Bamber, Leonard John. 
Batty, Harry. : 
Beckett, Thomas Rumbold, 
B.Sc.(Eng.). 
Birtwistle, Frank. 
Campbell, Frank Woodliffe. 
Coombs, Kenneth. 
Griffiths, William HenryF. 
Halle, Charles Richard. 
Jordan, William Stewart. 


Mitchell, George William. 
Mount, Arthur Edward. 
Mukherji, Debkinker. 
Philip, Archibald, B.Sc. 
Rankin, John Teasdale. 
Roots, Albert Ernest. 
Smith, Dorothy (Miss). 
Spring-Smyth, Harold 
William. | 


Townend, Wilfred Thomas. 


Walsh, Joseph Anthony. 


Student to Associate Member. 


McCracken, Stanley. 

Macdonald, Hector Ather- 
ton, B.Sc.(Eng.) 

Mitchell, Arthur Patrick, 


Damsell, Raymond 
Frederic, B.Sc. 

Dann, Thomas Walter, 
M.Eng. 


Everett, Arthur George. B.Sc. 
Gibbons, Arthur John, Pilgrim, George Jack, 
B.Sc.Tech. B.Sc.(Eng.). 
Hailey, Guy. Shannon, James Arthur, 
Hemsley, Sydney Henrick, B.Sc. 
B.Sc. Thomson, Harold Leslie. 


Student to Graduate. 


Branwell, Eric Benjamin. Nixon, William Geoffrey J. 
Cochran, Robert Jack. Renwick, William John. 
Dalman, Frederick. Roberts, David Harold. 
Narborough, B.Sc. Shrivastava, Hari Nara- 
Doel, Henry Ernest. yanlal, B.Sc. 
Dytt, Sukumar. Tanner, Herbert Douglas. 
Jordan, Reginald John. Thomas, Edward Arthur. 
Lambert, William John. Watkins-Ball, Mervyn 
Moores, Frederick Ronald. James. 


A list of donations to the Benevolent Fund (see 
vol. 65, page 1016) was taken as read and the thanks 
of the meeting were accorded to the donors. 

A paper by Messrs. A. H. Law, Member, and J. P. 
Chittenden, entitled ‘‘ Higher Steam Pressures, and 
their Application to the Steam Turbine ” (see page 89), 
was read and discussed. 

On the motion of the President a vote of thanks to 
the authors was carried with acclamation, and the 
meeting terminated at 7.35 p.m. 


INSTITUTION NOTES. 


Honorary Member. 

At the Ordinary Meeting of the Institution on the 
3rd November, the President announced that the 
- Council had that day elected Mr. T. A. Edison an 
Honorary Member of the Institution. 


Scholarships. 
The Council have awarded the following Scholarships 


for 1927-28 :— 


Salomons Scholarships (value £50 each). 


R. J. P. Green (Bristol University). 
H. F. Innocent (Heriot Watt College, Edinburgh). 


David Hughes Scholarship (value £50). 
K. S. Davies (University College, Cardiff). 


War Thanksgiving Education and Research 
Fund (No. 1). 
The Council have made the following grants from 
the above Fund for research purposes :— 


Grants (value £50 each). 


A. P. Jarvis (Birmingham University). 
D. M. Robinson (King's College, London). 
M. Waters (Armstrong College, Newcastle-on-Tyne). 


Grant (value £30). 
L. H. Daniel (East London College). 


National Certificates and Diplomas in 
Electrical Engineering. 

The following institutions have been approved under 
the scheme drawn up by the Board of Education and the ' 
Institution :— 

Approved for Ordinary Grade Certificates (Senior Part- 
time Course). 


Kingston-on-Thames Technical Institute. 
Shrewsbury Technical College. 
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Approved for Higher Grade Certificates (Advanced Part- 
time Course). 


Merchant Venturers’ Technical College, Bristol. 
Swansea Technical College. 


Meeting of the Wireless Section. 
64TH MEETING (2ND NOVEMBER, 1927). 


Mr. Archibald Page, President, took the chair at 
6 p.m. 

The minutes of the meeting of the Wireless Section 
held on the 18th May, 1927, were taken as read and 
were confirmed and signed. 

The President mentioned that the members would be 
glad to know that Prof. Fortescue was well on the 
way to a complete recovery of his health and was 
able to be present. l 

A vote of thanks to Prof. Fortescue for his 
services as Chairman of the Wireless Section during 
the session 1926-27, proposed by Major B. Binyon, 
O.B.E., M.A., and seconded by Dr. R. V. Hansford, 
was carried with acclamation. 

Lieut.-Col. A. G. Lee, O.B.E., M.C., B.Sc., Chairman 
of the Wireless Section, then delivered his Address 
(see page 12). 

A vote of thanks to Lieut.-Col. Lee for his Address 
was proposed by the President and, after being put to 
the meeting, was carried with acclamation. 

The meeting terminated at 7.10 p.m. 


Committees 1927-28. 
Among the Committees appointed by the Council for 
1927-28 are the following :— 
INFORMAL MEETINGS COMMITTEE. 
The President (ex officio). 


Mr. J. R. Bedford. Mr. F. Pooley. 
Mr. W. E. Highfield. Mr. E. S. Ritter. 
Mr. W. Lang. Mr. W. Riggs. 


Mr. C. L. Lipman. Mr. J. F. Shipley. 


Mr. M. Whitgift. 
Lt.-Col. K. Edgcumbe, R.E. (T.A.) (representing the 
General Purposes Committee). 
The Chairman of the Papers Committee. 
The Chairman of the London Students’ Section. 


LIBRARY AND MUSEUM COMMITTEE. 


The President (ex officio). 


Col, R. E. Crompton, C.B. Mr. W. M. Mordey. 
Major E. O, Henrici, R.E. Mr. R. W. Paul. 


(Ret.). Col. T. F. Purves, O.B.E, 
Mr. A. J. Stubbs. 
LocAL CENTRES COMMITTEE. 
The President (ex officio). 
Mr. J. R. Beard. Col. T. F. Purves, O.B.E. 
Lt.-Col. K. Edgcumbe, Mr. J. Rosen. 
R.E. (T.A.). Prof. S. P. Smith, D.Sc. 


Mr. J. S. Highfield. Mr. S. J. Watson. 
And the Chairman of each Centre and Sub-Centre. 


. Mr. A. W. Stewart 


n SCIENCE ABSTRACTS ”” COMMITTEE, 
The President (ex oficio). 
Mr. LI. B. Atkinson. Mr. W. M. Mordey. 
Major E. O, Henrici, R.E. Mr. C.C. Paterson, O.B.E. 


(Ret.). 
Mr. J. Guild ns Representing the Physical Society 
Dr. D. Owen of London. 


SHIP ELECTRICAL EQUIPMENT COMMITTEE. 
The President (ex officio). 


Mr. A. G. S. Barnard. Col. J. F. Lister, C.M.G. 
Major B. Binyon, O.B.E. Mr. J. F. Nielson. 


"Mr. J. H. Collie. Mr. N. W. Prangnell | 
Mr. B. M. Drake. Lt.-Col. A. P. Pyne | 
Mr. R. Grierson. Mr. S. G. C. Russell 
Mr. A. Henderson. Mr. T. A. Sedgwick 
Mr. J. W. Kempster. Mr. H. D. Wight. 

And Representing 
Sir W. S. Abell, 
K.B.E. .. preva s Register of Shipping. 
Mr. H. Ruck Keene 
Mr, T. Carlton Board of Trade. 
Mr. W. Cross Electrical Contractors’ Associa- 
tion. 


Mr. J. Foster King British Corporation for the Sur- 
vey and Registry of Shipping. 

Institution of Engineers and 
Shipbuilders in Scotland. 

Electrical Contractors’ Associa- 
tion of Scotland. 

Institution of Naval Architects. 

N.E. Coast Institution of Engi- 
neers and Shipbuilders. 


Mr. J. Lowson 


Mr. H. Walker, 
OBE. .... 


WIRING REGULATIONS COMMITTEE. 


The President (ex oficio). 


Mr. Ll. B. Atkinson, Mr. R. Grierson. 
Mr. H. J. Cash. Mr. P. V. Hunter, C.B.E, 
Mr. A. C. Cockburn. Mr. S. W. Melsom. 
Mr. J. R. Cowie. Lt.-Col. A. P. Pyne. 
Col. R. E. Crompton, C.B. Mr. E. Ridley. 
Dr. C. C. Garrard. Mr. S. G. C. Russell. 
Mr. J. E. Storr. 
And Representing 
Mr. B. M. Drake Contractors (unofficially). 
Mr. J. F. W. Hooper Cable Makers (unofficially). 
Mr. J. Howard Blood 
Mr. E. B. Hunter .. >Fire Offices Committee. 
Mr. W. B. Trafford 
Mr. E. G. Batt oe 
Mr. H. H. Berry 
Me A Everest | British Electrical and Allied 
Mr. C. Rodgers, Manufacturers” Association, 
O.B.E., B.Sc., 
B.Eng. .. T 
Mr. W. F. Bishop .. Cable Makers’ Association. 
Mr. F. R. Bal- | Independent Cable Makers’ As- 
dock k $ sociation. 
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| WIRING RULES COMMITTEE—conitinued. 
Mr. W. R. Rawlings Y Electrical Contractors’ Associa- 


Mr. S. H. Webb : tion. 

Electrical Contractors’ Associa- 
Ree Tee Ure tion of Scotland. 
Mr. J. Christie Incorporated Municipal Electri- 
Mr. F. W. Purse cal Association. 
Mr. A. Kirk Association of Supervising Elec- 


trical Engineers. 


WIRELESS SECTION. 


The Committee of the Wireless Section for 1927-28 is 
constituted as follows :— 


Lt.-Col. A. G. Lee, O.B.E., M.C., B.Sc. (Chairman). 
The President (ex officio). 


Major B. Binyon, O.B.E., Mr. E. B. Moullin, M.A. 
M.A. Mr. S. R. Mullard, M.B.E. 

Mr. P. R. Coursey, B.Sc. Mr. G. H. Nash, C.B.E. 

Captain P. P. Eckersley. Mr. C. E. Rickard, O.B.E. 

Dr. R. V. Hansford. Mr. E. H. Shaughnessy, 

Mr. J. Hollingworth. O.B.E. 

Professor E. Mallett, D.Sc. Mr. G. Shearing, B.Sc. 


Mr. A. J. Stubbs (representing the Council). 

Colonel T. F. Purves, O.B.E. (representing the 
General Purposes Committee), 

The Chairman of the Papers Committee (ex officio). 


And Representing 
Captain C. E. Kennedy-Purvis, R.N... Admiralty. 
Lt.-Col. A. S. Angwin, D.S.O., M.C. .. Post Office. 
Mr. F. S. Barton, M.A., B.Sc. .. Air Ministry. 
Lt.-Col. A. C. Fuller, O.B.E., R.C.S. .. War Office. 


Representatives of the Institution on Other 
Bodies. 
The following is a list of representatives of the 
Institution on other bodies, and the dates on which 
they were appointed :— 


Bristol University : 
Mr. H. F. Proctor (8 Jan., 1925). 


British Cast Iron Research Association : 
Mr. E. B. Wedmore (25 Sept., 1924). 


British Electrical and Allied Industries Research Associa- 
tion : 
Lt.-Col. K. Edgcumbe, R.E. (T.A.) (16 Dec., 1926). 
Mr. A. Page (16 Dec., 1926). ; 
Mr. R. W. Paul (21 Jan., 1926). 
Mr. R. T. Smith (30 Oct., 1919). 
Mr. C. P. Sparks, C.B.E. (20 Nov., 1924). 


Sectional Committee on Electric Control Apparatus 
Research : 
Major H. C. Gunton (2 Feb., 1921). 
Mr. W. E. Highfield (19 Mar., 1925). 


British Electrical Development Association : 
Mr. R. A. Chattock (5 Feb., 1925). 
Captain J. M. Donaldson, M.C. (4 Feb., 1926), 
- R. Grierson (17 Feb., 1927). 


Advisory Exhibition Committee : 
Mr. Ll. B. Atkinson (30 Sept., 1926). 


Electric Vehicle Committee : 
Col. R. E. Crompton, C.B. (22 Oct., 1925). 
Mr. W. R. Rawlings (22 Oct., 1925). 


Sub-Committee on Constitution : 
Capt. J. M. Donaldson, M.C. (4 Dec., 1924). 


Sub-Committee on Rural Electrical Development : 
Capt. J. M. Donaldson, M.C. (20 Oct., 1927). 
Mr. R. Grierson (20 Oct., 1927).  ' 

British Engineering Standards Association : 

Main Committee : 
Mr. LI. B. Atkinson (21 Jan., 1926). 
Col. R. E. Crompton, C.B. (21 Jan., 1926). 
Mr. C. P. Sparks, C.B.E. (21 Jan., 1926). 


Sectional Electrical Committee . 
Dr. W. H. Eccles, F.R.S. (17 Feb., 1927). 
Lt.-Col. K. Edgcumbe, R.E. (T.A.) (5 Mar., 1925). 
Mr. F. Gill, O.B.E. (21 May, 1914). 
Mr. J. S. Highfield (21 May, 1914). 
Mr. R. T. Smith (21 May, 1914). 
Mr. W. B. Woodhouse (19 Dec., 1918). 
Sectional Committee on Ball and Roller Bearings : 
Mr. W. M. Selvey (26 July, 1921). 
Sectional Committee on British Standards in Colonial 
and Foreign Trade: 
The President (ex-officio). 


Sectional Commiitee on Colliery Requisites : 
Mr. C. T. Allan (3 July, 1924). 


Birmingham Regional Committee . 
Mr. C. Jones. 


Glasgow Regional Committee : 
Mr. F. Anslow. 


Manchester Regional Committee : 
Mr. W. T. Anderson. 


Newcastle Regional Committee : 
Mr. S. A. Simon. 


Sheffield Regional Committee : 
Mr. M. Wadeson. 


Sectional Committee on Illumination : 
Lt.-Col. K. Edgcumbe, R.E. (T.A.) (28 Feb., 1924). 
Mr. P. Good (28 Feb., 1924). 
Mr. H. T. Harrison (28 Feb., 1924). 
Prof. J. T. MacGregor-Morris (28 Feb., 1924). 
Mr. J. M. G. Trezise (19 Mar., 1925). 


Sectional Committee on Petroleum Products : 
Mr. H. W. Clothier (1 Feb., 1923). 
Sectional Committee on Pipe Flanges: 
Mr, W. M. Selvey (14 April, 1921). 


Sub-Committee on Electrical Accessories : 


Mr. H. J. Cash (31 Mar., 1925). 
Mr. F. W. Purse (31 Mar., 1925). 
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Sub-Committee on Electrical I nstruments : 

Lt.-Col. K. Edgcumbe, R.E. (T.A.) (15 Feb., 1923). 
Sub-Commiitee on Electrical Nomenclature and Sym- 

bols : 

Mr. C. C. Paterson, O.B.E. (8 Jan., 1920). 
Sub-Committee on Electricity Meters : 

Mr. S. W. Melsom (21 Jan., 1926). 
Sub-Committee on Mining Electrical Plant : 

Mr. C. P. Sparks, C.B.E. (23 April, 1925). 


Sub-Committee 
Material: 


Mr. P. Rosling (5 Mar., 1925). 


on Overhead Transmission Lines 


Sub-Committee on Rating of Rivers : 
G. K. Paton (20 Oct., 1927). 


Sub-Committee on Standardization of Wireless Appara- 
tus and Components : 


Mr. E. H. Shaughnessy, O.B.E. (30 Sept., 1925). 


Sub-Committee on Tubular Tramway Poles : 
Mr. T. L. Horn (4 Feb., 1926). 


Panel on Conduit Fittings : 
Mr. H. J. Cash (18 May, 1927). 


Panel on Prime Movers for Electrical Plant - 
Mr. J. Rosen (20 Oct., 1927). 


Panel on Switches, Ceiling Roses and Wall-plug Sockets : 
Mr. H. J. Cash (23 Jan., 1924). 
Mr. F. W. Purse (23 Jan., 1924). 


Sub-Panel on Graphical ana for Interior In- 
stallations : 


Mr. J. R. Cowie (13 Nov., 1924). 


Engineering Joint Council : 


Mr. R. A. Chattock (18 Feb., 1926). 
Mr. J. S. Highfield (5 Mar., 1925). 


sar! eto College of Science and Technology, Governing 
ody: 
Mr. W. M. Mordey (12 April, 1923). 


Imperial Minerals Resources Bureau Conference : 
Copper Committee : 
Mr. B. Welbourn (18 Sept., 1919). 


Institute of Metals, Corrosion Research Committee : 
Mr. W. M. Selvey (19 July, 1923). 


Institution of Civil Engineers, Engine and Boiler Testing 
Committee ; 
Mr. R. A. Chattock (19 Oct., 1922). 
Mr. C. P. Sparks, C.B.E, (19 Oct., 1922). 


Internatlonal Illumination Commission, British National 
Illumination Committee: 
Lt.-Col. K. Edgcumbe, R.E. (T.A.) (27 Nov., 1913). 
Mr. P. Good (18 Sept., 1919). 
Mr. H. T. Harrison (27 Nov., 1913). 
Prof. J. T. MacGregor-Morris (27 Nov., 1913). 
Mr. J. M. G. Trezise (19 Mar., 1926). 


International Scientific Unions ; 
Committee on International Union in Physics : 
Dr. A. Russell, F.R.S. (18 Mar., 1920). 


Committee on International Union in Radio-Tele- 
graphy: 
Dr. W. H. Eccles, F.R.S. (18 Mar., 1920). 
Prof. G. W. O. Howe, D.Sc. (18 Mar., 1920). 
Prof. E. W. Marchant, D.Sc. (18 Mar., 1920). 


Leeds Municipal Technical Library Committee ; 
Mr. W. B. Woodhouse (19 Dec., 1918). 


Loughborough Technical College, Advisory Committee : 
Mr. R. B. Leach (27 Mar., 1919). 


Metalliferous Mining (Cornwall) School, Governing Body : 
Mr. L. A. Hards (1 Dec., 1927). 


Middlesbrough Technical College, Governing Body : 


Mr, E. Edwards (1 Oct., 1925). 
Mr. J. M. Gibson (1 Oct., 1925). 


National Physical Laboratory, General Board : 
Dr. W. H. Eccles, F.R.S. (21 Oct., 1926). 
Dr. A. Russell, F.R.S. (22 Nov., 1923). 


National Register of Electrical Contractors : 
Col. R. E. Crompton, C.B. (18 Feb., 1926). 
Mr. P. V. Hunter, C.B.E. (18 Feb., 1926). 
Mr. W. R. Rawlings (18 Feb., 1926). 
Mr. W. M. Selvey (18 Feb., 1926). 


Professional Classes Aid Council : 
Sir James Devonshire, K.B.E. (28 April, 1925). 


Royal Engineer Board : 
Mr. W. B. Woodhouse (19 Mar., 1925). 


Royal Society : 
Alloys of Iron Research Committee : 
Mr. J. Swinburne, F.R.S. (15 Feb., 1923). 


National Committee on Physics : 
Dr. A. Russell, F.R.S. (16 Dec., 1920). 


National Committee on Radto-Telegraphy : 
Col. A. S. Angwin, D.S.O., M.C. (7 April, 1927). 
Prof. C. L. Fortescue, O.B.E. (20 Oct., 1927). 


Smoke Abatement League of Great Britain : 
Mr. H. C. Lamb (8 April, 1926). 
Mr. S. J. Watson (8 April, 1926). 


Union of Lancashire and Cheshire Institutes (Panel for 
Engineering) : 


Mr. A. P. M. Fleming, C.B.E., M.Sc. (28 Feb., 1924). 
Prof. Miles Walker, D.Sc. (28 Feb., 1924). 


Women’s Electrical Association : 
Mr, A. P. M. Fleming, C.B.E., M.Sc. dë Dec., 1924). 


Women’s Engineering ociety ; 
Mr. A. P. M. Fleming, C.B.E., M.Sc. (25 Sept., 1924). 
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The Benevolent Fund. 


The following is a list of the Donations and Annual 
Subscriptions received during the period 26 October- 
25 November, 1927 :— 

£ s. 


a 


Sooooo: 


Aiken, L. J. (Manchester) "i eh 
Anonymous... z so l 
Bellerby, R. J. (Monkseaton) D be 1 
Bond, R., Jun. (Morecambe) 
Briggs, J. C. (Coventry) 
Clifford, A. (Nottingham) 
Coward, A. C. (Swansea) 
Dunn, S. W. (Portsmouth) .. 
Everett, A. G. (Hong-Kong) 
Gresham, S. R. (Calcutta) 
Keast, N. R. (Lowestoft) 
McLachlan, D. S. (Wallasey) 
Marsh, F. R. (Hong-Kong) .. . 101 
North Midland Centre si a vo 0 
Pollack, L. A. (Glasgow) — ans gà 
Porte, F. C. (Cork) .. + si se A 
Rankin, J. T. (Rangoon) .. TOE 
Rogers, H. I. ar T ie. 2 
Rowbotham, J.L . (London) _ 
Stewart, J. M. (Canterbury, N. Z.) . 
The “ 25 Club ” a E a .. 26 
Thomson, D. C. (Madras) 
Williams, A. (Manchester) ` 

* Annual Subscription. 


fanal 


* 


pai 


SE e m SOWA AS yan o 


ooooooooo00o00opbO 000 


Accessions to the Lending Library. 


Copp, M. A. Electric wiring diagrams for motor 
vehicles; embracing all the leading systems of 
lighting, starting and ignition for British, American 
and European motor vehicles. 3rd ed. 

8vo. 245 pp. London, 1927 

Compton, A. H. X-rays and electrons: an outline of 
recent X-ray theory. 8vo. 418 pp. London, 1927 

Coombs, R. D. Pole and tower lines for electric power 
transmission. 8vo. 280 pp. New York, 1916 

CoursEy, P. R. Electrical condensers: their construc- 
tion, design and industrial uses. 


8vo. 661 pp. London, 1927 
CREAGER, W. P., and Justin, J. D. Hydro-electric 
handbook. 8vo. 921 pp. New York, 1927 


Darron, J. C. The Electricity (Supply) Act, 1926. 

_Annotated and explained with an introduction. 

(Being a supplement to “ Will’s Electric lighting.” 

5th ed.) 8vo. 169 pp. London, 1927 

DINSDALE, A. Television. sm. 8vo. 62 pp. London, 1926 
DROVER, F. J. Coal and oil fired boilers. 

8vo. 364 pp. London, 1924 

DupGEon, E. C. Growing crops and plants by elec- 

tricity. ~ 8vo. 45 pp. London, n.d. 

ENFIELD CABLE Works, LTD. “ H” type cables for 

super-tension power transmission. 

sm. 8vo. 48 pp. London, 1926 

FLEMING, J. A., M.A., D.Sc., F.R.S. The propagation 

of electric currents in telephone and telegraph con- 

ductors. 4th ed. Svo. 437 pp. London, 1927 

GARRARD, C. C., Ph.D. Electric switch and controlling 

gear. 3rd ed. 8vo. 797 pp. London, 1927 


GEBHARDT, G. F. Steam power plant engineering. 
6th ed. 8vo. 1041 pp. New York, 1925 
GODDARD, F. The Four-electrode valve. 


sm. 8vo. 105 pp. London, [1927] 
—— The thermionic valve: its construction, action 
and control. sm. 8vo. 192 pp. London, [19271 


GoLDINGHAM, A. H. Diesel engines, marine and 
stationary, described and illustrated with numerous 
formule for their design, and instructions for 
_ installation and operation. 3rd ed. 

8vo. 263 pp. London, 1927 

GoopMAN, J. Mechanics applied to engineering. 9th 


ed. 2vol. (vol. 2: Chiefly worked examples.) 
sm. 8vo. London, 1926 
HARRISON, H. H. The elements of telephone trans- 


mission. sm. 8vo. 154 pp. London, 1927 
HENDERSON, J., and MARSHALL, C. W. A.C. protective 
systems and gear. 
sm. 8vo. 120 pp. London, 1923 
Hitt, E. P. Rotary converters: their principles, 
construction and operation. 
la. 8vo. 342 pp. London, 1927 


Hupson, W. E. The director system of automatic 


telephony. sm. 8vo. 167 pp. London, 1927 

HUTCHINSON, R. W. Advanced text-book of magnetism 
and electricity. 2nded. 2vol. 

sm. 8vo. London, 1927 


vol. 1, Magnetism and electrostatics. vol, 2, Electrodynamics. 

—— Junior technical electricity. 2nd ed. 
sm. 8vo. 393 pp. London, 1926 
IBBETSON, W. S. Electricity for marine engineers: for 
second-class, first-class and extra first-class en- 
gineers. sm. 8vo. 171 pp. London, 1927 
James, H. D. Controllers for electric motors. 2nd ed. 
8vo. 528 pp. London, 1927 

JOHNSON, G. Electricity supply accounts. 3rd ed. 

8vo. 201 pp. London, 1927 

Kemp, P. The alternating current circuit. 
sm. 8vo. 95pp. London, 1923 
KENNEDY, W. S. The new Electricity Act; a popular 


exposition. sm. 8vo. 142 pp. London, 1927 
LANGMAN, H. R. The magneto manual. . 
sm. 8vo. 231 pp. London, 1927 


LAscHE, O. Materials and design in turbo-generator 
plant. 3rd enlarged and re-written edition by W. 
Kieser. English edition by A. L. Mellanby and 
W. Roylands Cooper. 

4to. 215 pp. Edinburgh, 1927 

a study of industrial organiza- 

8vo. 132 pp. London, 1921 

Navigational wireless. 

8vo. 175 pp. London, 1927 

McLachLaANn, N. W., D.Sc. Wireless loud-speakers: a 
practical manual describing the principles of opera- 
tion, performance and design. 

sm. 8vo. 147 pp. London, n.d. 

MARTIN, M, J. The electrical transmission of photo- 
graphs. sm. 8vo. 147 pp. London, 1921 

Maycock, W. P. Electric circuit theory and calcula- 
tions. . With a part on arithmetic. 3rd ed., 
revised by P. Kemp. 

sm. 8vo. 369 pp. London, 1927 


LEE, J. Management; 
tion. 
Lone, S. H., D.Sc. 
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MEARES, J. W., C.I.E., and Neare, R. E. Electrical 
engineering practice. A practical treatise for 
electrical, civil, and mechanical engincers with many 
tables and illustrations. 4thed. vol. 2. 

8vo. 544 pp. London, 1927 

Moore, A. D. Fundamentals of electrical design. 

8vo. 374 pp. New York, 1927 
Morrow, L. W. W. Electric power stations. 
8vo. 334 pp. New York, 1927 

MUNRO, J. M. M. The divine mechanism : the Christian 
creed reconsidered in terms of a theory of mechanistic 
universal mind. 8vo. 72 pp. Edinburgh, 1926 

NATIONAL ELECTRIC LIGHT ASSOCIATION. Overhead 
systems reference book. Prepared by a special 
committee of the Overhead Systems Committee, 
Engineering National Section, N.E.L.A. 

4to. 583 pp. New York, 1927 

Relay handbook. 

sm. 8vo. 1014 pp. New York, 1926 
OLLIVER, C. W. The a.c. commutator motor. 
la. 8vo. 292 pp. London, 1927 
PERRY, J., D.Sc., F.R.S. The calculus for engineers. 
sm. 8vo. 388 pp. London, [1897] 

PooLE, J. The practical telephone handbook and 
guide to the telephonic exchange. 7th ed. By 
J. P. and others. sm. 8vo. 895 pp. London, 1927 

PRESTON, T. The theory of light. 4th ed. Edited by 
W. E. Thrift. 8vo. 641 pp. London, 1924 

PRINCE, D. C., and VocpEs, F. B. Principles of mercury 
arc rectifiers and their circuits. : 

8vo. 242 pp. New York, 1927 

PULLIN, V. E., and WILTSHIRE, W. J. X-rays past and 
present. 8vo. 229 pp. London, 1927 

RANDALL, O. R. Elementary electrical engineering : 
a lecture and laboratory course intended for students 
preparing for the First National Certificate Exami- 
nation in Electrical Engineering. 

sm. 8vo. 239 pp. London, 1926 

REED, E. G. The essentials of transformer practice : 

theory, design and operation. 2nd ed. 
8vo. 413 pp. London, 1927 
= RipcGe, C. H. Stage-lighting for “little” theatres. 
With a foreword by Basil Dean and an introduction 
by T. Gray. 8vo. 98 pp. Cambridge, 1925 

RimMER, E. J., and ALLEN, G. R. The Electricity 
(Supply) Act, 1926, explained and annotated. 
With the text of the Electricity Supply Acts, 1919 
and 1922 (as amended). 

8vo. 214 pp. London, 1927 

RUHLING, T. C. Underground systems for electric 
light and power. 8vo. 354 pp. New York, 1927 

SHELDON, O. The philosophy of management. 

8vo. 312 pp. London, 1924 


SoLomon, H. G. Domestic electric heating ; an elemen- 
tary handbook on the electric heating of residences 
and public buildings, domestic electric hot water 
supply and domestic electric cooking. 

sm. 8vo. 123 pp. London, 1927 

SPOONER, T. Properties and testing of magnetic 
materials. 8vo. 399 pp. New York, 1927 

STODOLA, A. Steam and gas turbines. With a supple- 
ment on the prospects of the thermal prime mover. 
Transl. from the 6th German ed. by Dr. L. C. 
Loewenstein. 2 vol. la. 8vo. New York, 1927 

SULLIVAN, J. W. N. Atoms and electrons. 

-~ sm. 8vo. 188 pp. London, n.d. 

SYLVESTER, C., and Ritcuie, T. E. Modern electrical 
illumination. la. 8vo. 427 pp. London, 1927 

TARBOUX, J. G. Electric power equipment. 

8vo. 466 pp. New York, 1927 

TayLor, W. T. Overhead electric power transmission 
engineering. A treatise on design, construction, 
operation, protection, and maintenance of overhead 
electric transmission lines. 

8vo. 539 pp. London, 1927 

WALL, T. F., D.Sc. Applied magnetism. 

la. 8vo. 262 pp. London, 1927 
Watson, C. G. The art and craft of cable jointing. 
sm. 8vo. 108 pp. London, 1927 

WHITEHEAD, J. B., Ph.D. Lectures on dielectric theory 
and insulation. 8vo. 161 pp. New York, 1927 

WHITEHEAD, S. Dielectric phenomena: electrical dis- 
charges in gases. Edited with a preface by E. B. 
Wedmore. Publ. for the British Electrical and 
Allied Industries Research Association, being Ref. 
L/T22. 8vo. 176 pp. London, 1927 

WILKINS, F. G. R. Elementary heat and heat engines. 

sm. 8vo. 319 pp. London, 1926 

WiLLiams, H. Mechanical refrigeration; being a 
practical introduction to the study of cold storage, 
ice-making and other purposes to which refrigeration 
is being applied. 3rd ed. 

8vo. 525 pp. London, 1927 

WILLOUGHBY, G. A. House wiring : prepared especially 
for trade preparatory and trade extension classes 
in the all-day, part-time and evening vocational 
schools. 8vo. 230 pp. New York, 1925 

WILMAN, C. W. A manual of automatic telephony. 

sm. 8vo. 230 pp. London, 1927 

Wooprvrr, L. F. Principles of electric power trans- 

mission and distribution. 
8vo. 345 pp. New York, 1925 

WRIGHT, A. R. Modern practice in steam condensing 
plants. la. 8vo. 324 pp. London, 1925 

Wynne, W. E., and SPRARAGEN, W. Handbook of 
engineering mathematics. 2nd ed. 

sm. 8vo. 290 pp. New York, 1925 
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HIGHER STEAM PRESSURES, AND. THEIR APPLICATION TO THE 
STEAM TURBINE. 
By A. H. Law, Member, and J. P. CHITTENDEN, 


(Paper first received 11h May, and in final form 13th October, 1927; read before THE INSTITUTION 3rd November, before 
the NORTH-EASTERN CENTRE l4th November, before the SHEFFIELD SUB-CENTRE 16h November, and before the NORTH- 


WESTERN CENTRE 29th November, 1927.) 


| SUMMARY. 

The subject of higher steam pressures and their applica- 
tion to the steam turbine has already been dealt with 
on several occasions during the last few years, and when 
the authors were asked to prepare a paper it was a question 
whether at the moment there were any additional facts 
which could usefully be brought before the engineering public. 

The purposes of this paper, therefore, are, in the first 
place, to set out in as simple a form as possible the theoretical 
and practical gains which may be expected from any 
increases in pressure over as wide a range as possible, 
at the same time taking into consideration other improve- 
ments which in recent years have been introduced into 
power station operation. Then an account—partly his- 
torical—is given of the work which has so far been done 
in the actual employment in steam turbines of pressures 
higher than those which we have come to regard as normal, 
and, in passing, reference is made to the design of high- 
pressure boilers. Many examples of high-pressure steam 
turbines are described and classified and the effect of 
high pressures on the details of design is noted. 
the question of reliability of high-pressure installations 
in operation is discussed and comparison made with plants 
operating with more normal pressures. 
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(1) IMPROVEMENTS IN POWER STATIUN OPERATION 
OTHER THAN HIGHER STEAM PRESSURES. 


In order to deal with the: effects and advantages of 
higher pressures, the authors have found it necessary to 
deal with the improvements which have been introduced 
in power station operation other than an abnormal in- 
crease in initial steam pressure, and to compare the 
resulting gains in efficiency with the gains which may 
be expected from the employment of higher pressures 
both with and without these other improvements. 

The latter may be tabulated as follows :— 


(a) Improved vacuum Within the Rankine 
(6) Higher steam amen cycle. 
(c) Regenerative feed-heating `} Outside the Rankine 
(d) Reheating between stages } cycle. 


Finally, . 


(a) and (b).—These increase the range of the Rankine 
cycle, and during the last 20 years great advances have 
been made in station economy by improving the vacuum 
and raising the initial temperature of the steam, and, 
no doubt, progress in this direction will be steadily 
maintained in the future. The vacuum which can be 
realized under given conditions to-day is very near the 
maximum theoretically obtainable, so that improve- 
ments in this direction must be mainly dependent on 
local conditions. 

Higher steam temperatures are also being freely 
discussed. Knowledge of the properties of various 
qualities of steel at high temperatures has largely 
increased, but there is evidently still a good deal of in- 
vestigation to be done in this direction before it can 
be considered safe to go very much higher than present 
limits. It is, of course, realized that special alloy 
steels with higher creep limits are now being produced, 
but at present these alloys are expensive and a full 
knowledge of their behaviour under working conditions 
is not available. As will be gathered from reference to 
various power stations in a later section of this paper, 
an initial temperature of 750° F. is now fairly common 
practice, and in a few cases steam at 800° F. is employed. 


(2) IMPROVEMENTS IN POWER STATION EFFICIENCY 
DUE TO HIGHER PRESSURES. 


Considering first a power station working on the 
Rankine cycle, and disregarding for the moment the 
effect of items (c) and (d), that is, regenerative feed- 
heating and reheating, the maximum theoretical 
thermal efficiency y, of such a station is given by 
dividing the adiabatic heat available by the total heat 
put into the steam. 

Fig. 1 (based on Callendar’s enlarged steam tables) 
has been prepared to give readily the value of this 
maximum theoretical efficiency, and illustrates clearly 
the changes of this theoretical efficiency due to changes 
in pressure, temperature and vacuum. The upper set 
of curves gives the theoretical thermal efficiency when 
employing saturated steam at pressures up to 1 300 lb. 
per sq. in., and separate curves are given for vacua 
from 27 in. to 29-1 in. For superheated steam, a 
correction is made by the lower curves ; this percentage 


_ correction is to be added to the percentage given by the 


upper curve. 

This method of correction for initial temperature 
has been adopted to reduce the number of curves other- 
wise necessary; the slight error introduced is of a 
negligible order and, in the authors’ opinion, the chart 
will be found to be of sufficient accuracy for all practical 
work, 
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From the chart it will be seen that, employing a 
normal pressure of, say, 250 lb. per sq. in. absolute 
boiler pressure with a total temperature of 750° F., the 
maximum theoretical efficiency on the Rankine cycle 
when working with a vacuum of 28 in. (such as would 
be obtained in a power station with a restricted supply 
of cooling water) is 32-98 per cent. Under the same 
initial conditions, but with a plentiful supply of cold 
water and, consequently, a vacuum of, say, 29-1 in., 
the theoretical efficiency is 35.42 per cent. 

It will be remembered that these are maximum 
theoretical efficiencies and, in order to obtain the actual 
overall plant efficiency Na, it is necessary to multiply 
them by the plant efficiency ratio. 

The plant efficiency ratio is the result of combining 
the efficiencies of the steam-generating plant, prime 
mover, and electrical generating plant, with due allow- 
ances for losses in their attendant auxiliaries as detailed 
in the table in Fig. 1. 

The plant efficiency ratio depends, of course, upon 
the size, load factor, and other conditions of the station 
in question, and from an examination it would seem 
that a turbo-generating plant designed for normal 
pressures, working under good conditions at 100 per 
cent load factor, would average about 60 per cent. 

Table 1 shows in some detail how this is obtained. 


' TABLE 1. 
Efficiency Factors. 


100 per cent load factor, 250 Ib. per sq. in. abs. pressure, 
750° F. and 28 in. vacuum. 


(1) Test (2) Operating 
conditions conditions 


Boiler efficiency factor, B = 0-865 0-82 
Boiler feed-pump factor, b, = 0-994 0:992 
Boiler auxiliaries factor, by = 0:985 0:982 
Condenser auxiliaries factor, C = 0-983 0-981 
Make-up and radiation factor, m = 0-985 0-98 
Pipe loss factor, = 0-985 0-98 
Turbine efficiency factor, T = 0:825 0-81 
Alternator efficiency factor, A = 0-96 0-955 
Per cent Per cent 
Then Plant Efficiency Ratio = 64:0 58-2 


If we assume for the present a station having a plant 
efficiency ratio of about 60 per cent, then, with cooling 
towers and initial conditions as mentioned above, such 
a station cannot hope to obtain an overall plant efficiency 
greater than about 19:8 per cent or, in the case where 
there is an unlimited supply of cold water, 21-2 per gent. 

Now, if the pressure be increased to 1000 lb. per 
sq. in. absolute, with the same initial temperature of 
753° F., the theoretical efficiencies for the two vacua 
become 38-81 per cent and 40-88 per cent respectively, 
and, assuming the same plant efficiency ratio, the overall 
plant efficiencies are 23-3 per cent and 24-5 per cent 
respectively. 

These results are summarized later in Table 2, together 
with similar figures for pressures of 500 Ib, and 750 Ib. per 
sq. in. absolute. 

Considering now improvements under headings (c) 


and (d), it will be realized that these involve a funda- 
mental alteration in the steam cycle, and thus are to 
be distinguished from improvements (a) and (b), which 
really only increase the range of operation of the cycle. 

(c) Regenerative feed-heating, as it is generally 
known, is accomplished by extracting steam from a 
number of points along the turbine before its expansion 
is completed, and using this steam for raising the 
temperature of the feed water before it enters the boiler. 

Theoretically, the number of extraction points is 
limited only by the number of pressure stages in the 
turbine, but in general practice this is not usually carried 
beyond three stages. For this reason the authors have 
considered only the case of three stages of extraction 
and also a feed-water temperature limit of 250° F. 

Applying, then, the three-stage feed-heating to the 
station efficiencies obtainable when working only on the 
Rankine cycle, it will be found that an improvement 
of from 7 per cent to 9-1 per cent takes place over the 
range of pressures under consideration, as shown in 
Figs. 2 and 2a. 

(d) Reheating, or, as it is sometimes termed, inter- 
stage heating, consists in supplying additional heat to 
the steam during its expansion through the turbine, 
and for practical reasons it is usually confined to one- 
stage reheating. Figs. 3 and 3a indicate that for a 
given set of steam conditions, and assuming a single ~ 
reheat, there is one distinct pressure at which the 
steam should be reheated in order to give the maximum 
gain in thermal efficiency. Thus, with initial conditions 
of 250 lb. per sq. in., 750% F. and 28 in. vacuum, the 
most economical point at which to reheat would be 
approximately 60 lb. per sq.in. absolute. The maximum 
gain in thermal efficiency in the case of this pressure is 
about 6: 4 per cent, whereas with the higher pressure of 
1 000 Ib. the gain is slightly over 7:2 per cent. 

The next step is naturally to consider the effect of 
the combined application of both feed-heating and 
reheating. The total gain in thermal efficiency of 
this combination varies from 92 per cent to 94 per cent 
oí the sum of the gains if feed-heating and reheating 
are used separately, and gives a total gain of 12-60 per 
cent at 250 Ib. per sq. in. absolute, to 14-35 per cent 
at 1 000 1b. per sq. in. absolute, with 28 in. vacuum. 

The percentage gain which may be expected from 
these alterations to the Rankine cycle is greater at the 
higher pressures than at the lower ones, and a reference 
to Table 2 shows the effect of these at various pressures. 

It will be noted that all the figures given in Table 2 
have been based on a plant efficiency ratio of 60 per 
cent. The question now to be considered is whether at 
the higher pressures the efficiencies of these various 
parts can be maintained or, if not, what falling off in 
efficiency is likely to be expected. 

A glance at the efficiency factors in Table 1 will show 
that most of them are entirely, or almost entirely, 
independent of the steam pressure. There are two 
which will be seriously affected by pressure: (1) the 
factor expressing the boiler feed-pump loss, and (2) the 
turbine efficiency. . 

The power taken by the boiler feed pump varies 
of course almost directly as the pressure, provided that 
the combined pump and motor efficiency is constant, 
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mperature = 


APPLICATION TO THE STEAM TURBINE. 


but for the purpose of this paper it has been assumed 
that the efficiency of the pump falls off at the higher 
pressures, and the resulting feed-pump correction factor 
is given in Fig. 4. 

As regards the turbine, the authors have prepared 
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ment and area of the heating surfaces provided; and 
none of these considerations is affected by steam pressure. 

In considering the boiler efficiency, 86-5 per cent was 
assumed and might be considered to be rather high, 
especially when taken in conjunction with high inlet 


TABLE 2. 


Overall Plant Efficiency, assuming 60 Per Cent Plant Efficiency Ratio. 


Absolute pressure, Ib. per sq. in. 250 500 750 1000 
Vacuum 28in. | 20-1in. | 28in. | 29-1in. | 28in, | 29-1in. | 28in. | 29-1in. 

Max. thermal efficiency (Rankine) 32-98 | 35-42 | 35-97 | 38-18 | 37-66 | 39-75 | 38-81 | 40-88 
Plant efficiency with Rankine cycle 19-8 | 21-2 | 21-6 | 22-9 | 22-6 | 23-8 | 23-3 | 24-5 
Plant efficiency with 3-stage regenerative 

heating, feed temperature 250° F. .. 21-2 | 22-9 | 23-2 | 24-8 | 24-4 | 26-0 | 25-2 | 26-8 
Plant id with 1-stage reheating to | 

750° F. ca 6 a .. | 21-1 | 22-6 | 23-1 | 24-6 | 24-2 | 25-6 | 25-0 | 26-4 
Plant efficiency with both regenerative feed- 

heating and interheating š .. | 22-3 | 24-0 | 24-5 | 26-2 | 25-8 | 27-3 | 26-6 | 28-3 


curves A and B in Fig. 5. These, in their opinion, 
show with fair accuracy the manner in which the turbine 
efficiency is likely to vary with the steam pressure. It 
is assumed that in any particular case the turbine output 
is reasonably large in relation to the speed at which it 


Condenser 
auxiliaries 


Correction factor 


5d 


Total correction factor 


feed temperatures, but practice in regard to boiler- 
house design and operation has advanced so rapidly 
during recent years that the authors feel justified in 
suggesting this figure as a “* commercial ” efficiency. 

Of the remaining factors, the boiler and condenser 


Make-up a 
tant = 0 285 e 


5 Pipe loss ieee = 0'985 


0:91 
EA E EN 
200 100 200 600 1000 
Absolute pressure, Ib. per sq. in. 


Fic. 4.—Boiler and condenser auxiliaries. 


runs, and that the design throughout is up to date and 
well proportioned to the results sought. 

With regard to the effect of steam pressure on boiler 
efficiency, there is no evidence to show that any correction 
need be made. Boiler efficiency is dependent at the 
furnace end of the boiler on combustion efficiency, and, 
from there onwards to the smoke stack, on the arrange- 


auxiliaries are unaffected by increased initial pressure, 
except to a slight extent on account of decreased steam 
consumption for a given output. Also, for the purpose 
of this paper, it has been assumed that the “ make-up 
and radiation ’’ and pipe loss factors remain constant, 
while the alternator efficiency of 96 per cent is, of course, 
unaffected. 
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With the aid of Figs. 4 and 5, the overall plant effi- 
ciencies given for 250 lb. per sq. in. in Table 1 can be 
corrected for any desired pressure up to 1 200 lb. per 


Efficiencies, per cent 


7 
, 200 400 600 800 1000 1200 
' Initial pressure lb. per sq.in.absolute, constant temperature TOE 


Fic. 5.—Turbine efficiency curve for various pressures, 
without reheating. 


sq. in., and Fig. 6 (for 28 in. vacuum) and Fig. 7 (for 
29-1 in. vacuum) show the theoretical thermal efficiency 
(curve A) and the overall plant efficiency (curve B). 
Both curves are for a steam temperature of 750° F. 
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Fics, 6 and 7.—Rankine cycle efficiency and overall efficiency with and without feed-heating and reheating, for 28 in. and 
29:1 in, vacuum respectively. 


The maximum gain obtainable in increasing the 
initial pressure from 250 lb. to 1000 lb. per sq. in. is 
thus 10-3 per cent with 28 in. vacuum, and 8-5 per 
cent with 29-1 in. vacuum, and it will now be of interest 
to note the effect if the Rankine cycle is departed from 
and both feed-heating and reheating are introduced. 


The use of reheating under suitable conditions results 
in a gain from two sources. In the first place, the 
theoretical efficiency of the cycle itself is increased, and 


- secondly the turbine efficiency is improved owing to the 


wetness loss being diminished. This is, of course, of 
greater importance at the higher pressures where, without 
reheating, a greater portion of the low-pressure stages of 
the turbine is in the wetness area. 

Curves C in Figs. 6 and 7 show the efficiencies which 
can be expected when both feed-heating and reheating 
are used. Allowance has been made, as explained, for 
the improvement in turbine efficiency due to reheating, 
and also for pressure loss in the reheater, the latter 
being based on actual operating results. 

The curves show that gains of 12-05 per cent and 
10:7 per cent for 28 in. and 29-1 in. vacuum respectively 
can reasonably be expected for an increase in steam 
pressure from 250 Ib. per sq. in. to 1 000 Ib. per sq. in. 

As previously stated, a feed temperature of 250° F. for 
all pressures has been assumed in these calculations, 
but, since the steam saturation temperature increases 
as the pressure increases, it follows that regenerative 
feed-heating can be employed to still higher tempera- 
tures at the highest pressures under consideration. 
Thus there are many instances of boiler plant having 
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inlet feed temperatures between 300°F. and 350° F. 
which have given test efficiencies between 85 per cent. 
and 87 per cent. These high efficiencies have, of course, 
been obtained by the development of the air pre-heater 
and the suitable use of water-cooled and air-cooled 


combustion-chamber walls. 
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From the curves given in Figs. 2 and 2a, the gain 
due to feed-heating to temperatures other than 250° F. 
can readily be obtained for both 28 in. and 29:1 in. 
vacuum. If now it is assumed that in combination 
with reheating to 750°F., feed-heating to 350°F. is 
employed at 1000 lb. per sq. in. absolute pressure, 
while still maintaining it at 250° F. at 250 lb. per sq. in. 
absolute, a further gain of from 2-0 per cent to 2-5 per 
cent on the overall plant efficiency may be expected. 
In other words, the gain that may reasonably be expected 
for an increase of steam pressure from 250 lb. per sq. in. 
absolute to 1 000 lb. per sq. in. absolute becomes about 
14-6 per cent for a vacuum of 28 in., and 12-6 per cent 
for one of 29- 1 in. 

In addition to the improvement which is obtained 
at the higher pressures, particularly when working with 
feed-heating and reheating, it would appear from test 
figures available that the efficiency curve is considerably 
flatter with these higher pressures, i.e. the heat con- 
sumption of the station when running at the lower loads 
is relatively better than with the more normal pres- 
sures and temperatures. 


(3) DEVELOPMENTS IN THE USE OF HIGH STEAM 
PRESSURES IN POWER STATIONS. 


The authors now propose to consider the amount of 
work that has already been done in this direction and the 
possibilities of still further work, together with the 
difficulties and troubles which may arise from the use of 
= higher steam pressures and temperatures. 

In the first place, however, the employment of high- 
pressure steam is not so recent as might be imagined, 
because between 1820 and 1830 Jacob Perkins advocated 
the use of high-pressure steam from 1000 to 3 000 Ib. 
per sq. in. in steam engines, and invented a compound 
uniflow steam engine to work with steam at 1 400 lb. 
per sq. in. and 1 000° F. His grandson carried on his 
work and, in 1859, built a yacht driven by a triple- 
expansion steam engine designed to work with 600 Ib. 
per sq. in. steam pressure with re-superheating between 
the cylinders. 

Again, in about 1880 another steam yacht was built 
by Messrs. R. Steel and Co. of Greenock to operate 
with a boiler pressure of 500 lb. per sq. in., the steam, 
of course, being again utilized in reciprocating engines. 

After a lapse of nearly 50 years we have a return 
to the high steam pressures in the T.S.S. “ King 
George V” built for service on the Clyde. This ship, 
the machinery for which was designed by Sir Charles 
Parsons, was built by Messrs. Wm. Denny and Brothers, 
Ltd., of Dumbarton, and was launched in 1925. She 
has two Yarrow water-tube boilers and turbines built 
by the Parsons Marine Steam Turbine Co. designed for 
a steam pressure of 550 Ib. per sq. in. superheated to 
750° F. This ship has recently passed successfully 
through her trials. 

The first power station plant operating with high- 
pressure steam was, however, at the Stockholm Exhibition 
in 1897, with superheated steam at 1700 lb. per 
sq. in. Six De Laval single-stage turbo-generators, 
four of 100 kW and two of 50 kW, each with its own 
high-pressure boiler, generated all the electric power 
required for lighting the Exhibition. 


For the next 20 years, however, work on these very 
high pressures seems to have lapsed and only a very 
gradual increase in pressure took place until, in about 
1917, the North Tees station of the Newcastle Electric 
Supply Co. was designed to work with a boiler pressure 
of 475 Ib. per sq. in. gauge at 700° F. 

From this time onwards much work has been done 
with the higher steam pressures of the order of 1 200 lb. 
per sq. in., as used in several American plants, and up 
to 3 250 lb. per sq. in. as employed in the Benson boiler 
experiments begun in 1924. There are also a number of 
instances with more moderate pressures of 500-600 Ib. 
per sq. in., both in America and on the Continent, so 
that at present, to the authors’ knowledge, there are 
about 30 power stations and industrial plants working— 
and working satisfactorily—with much higher pressures 
and temperatures than are normally employed. Par- 
ticulars of the tubine plant in these stations are given 
in Tables 3, 4, 5, 6 and 7, reference to which will be 
made later. 


(4) HIGH-PRESSURE BOILERS. 


Before doing so, however, attention may be drawn 
to the effect of higher steam pressures on the question 
of boiler design, in itself a very important subject and 
one which, in the authors’ opinion, is worthy of a paper 
to itself. It is not proposed, therefore, to deal very 
thoroughly with this subject, but, just as a matter of 
interest, to note one or two new features and departures 
from ordinary boiler design. Particular reference will 
be made to the experimental Benson boiler plant at 
Rugby, in view of the fact that it was the first instance 
in the history of steam generation that steam was pro- 
duced in large quantities at the critical point. 

In a number of stations in which steam is used at 
extra high pressures the boilers do not differ at all in 
principle from the ordinary design of water-tube boilers 
for lower pressures. The difference is merely in the 
strength of the parts, notably the drums, in order to 
withstand the higher pressures. 

In some instances, as, for example, the Pangerbruges 
station, this extra strength is obtained by employing 
thicker steel plates, in this case 13 in. thick, but the 
method of construction is that standardized for lower 
pressures. In many other cases, however, notably in 
some American stations, the use of high pressures has 
led to the introduction of forged steel drums. Thus 
the 1200 lb. per sq. in. boiler constructed for the 
Edgar station at Boston by Messrs. Babcock and Wilcox 
has drums of forged steel 34 ft. 4 in. long, 4 ft. outside 
diameter, and with walls 4 in. thick. It will be realized 
that such a construction is, of necessity, rather expensive. 

Turning now to what may be termed the innovations 
in boiler design, there are four types which may be 
mentioned. 

An interesting variation in design for steam pressures 
of the order of 1600 lb. per sq. in. is exhibited in a 
boiler constructed and erected by Messrs. Sulzer Brothers 
at their Winterthur works. A full description of this 
plant and the system under which it operates has 
already been published,* and it may be briefly sum- 
marized as a low-pressure boiler acting as a feed-water 

® Engineer, 1926, vol. 112 p. 706, 


96 LAW AND CHITTENDEN: HIGHER STEAM PRESSURES, AND THEIR 


heater ancillary to a high-pressure boiler where all the 
high-temperature heat-transfer takes place. 

Prof. A. G. Léffler of Vienna has developed a method 
of high-pressure steam generation by which it is claimed 
that steel cylinders which in the ordinary way would 
be suitable for pressures of about 450 Ib. per sq. in. can 
be used to generate steam at 1500 to 1800 lb. per 
sq.in. A description and diagram of the scheme were 
given in a paper * read before the Institute of Marine 
Engineers in March 1926. No heat transfer occurs 
across the metal of the drum,-but all to high-pressure 
saturated steam through superheater tubes. The 
high-temperature steam so produced is partly used for 
outside consumption and the major part passed into 
the drum, where it evaporates feed water as saturated 
steam, which is, in its turn, superheated, the cycle then 
being repeated. Thus the boiler parts are not subjected 
to any stresses or strains from external heating, owing 
to defective circulation and irregular heat transmission 
across the metal to the water. 

A 1-000 kW plant on this principle is being erected 
at the Vienna Locomotive Manufacturing Co. Steam 
is generated at 1470 to 1 760 lb. per sq. in. and 750° to 
930° F., and is used in a verticalsteam engine. Further, 
an 18000-kW plant running on three large boilers 
of this type giving 130 000 lb. of steam per hour at 
1700 lb. per sq. in. and 900° F. is being installed for 
the Witkowitz Coal Mining Co. in Czecho-Slovakia. 

Details of an interesting departure in boiler design 
for high steam pressures, the Atmos boiler, have been 
already published in Engineering.t For the purposes 
of this paper it may be sufficient to remark that this 
design has for its main objective the elimination of the 
costly drums necessary in the ordinary type of high- 
pressure water-tube boiler. This result is arrived at 
- by employing a number of large-bore tubes each arranged 
to revolve about its axis at some 330 r.p.m. The water 
enters the tubes at 1500 lb. per sq. in., after being 
heated in a two-stage economizer to 600% F. The rota- 
tion of the tubes causes the water also torotate and cling 
to the inner surface of the tubes so that steam is pro- 
duced steadily and passes away down the centre of the 
tubes. Each tube, of which there may be from two to 
eight in a boiler, is rated at about 2100 lb. per hour. 

Two boilers built on this principle have been installed 
at the Carnegie Sugar Refinery, Gothenburg, and more 
recently several others working in conjunction with De 
Laval steam turbines in Sweden and Germany. 

In the Benson generator also the drums are eliminated, 
but quite a different method is employed to overcome 
troubles due to irregular ebullition in comparatively 
small-bore tubes under high pressure. In fact, it 
can be said that no boiling, in the usual sense, occurs at 
all, The steam is all generated at the critical point, 
where water changes into steam without change of 
volume or addition of latent heat. The sudden expan- 
sion of water into bubbles of steam, which is the cause 
of trouble, is thus entirely eliminated. This critical 
point for steam is at 3 200 Ib. per sq. in. absolute and 
706° F. total temperature. 

The principle of the Benson generator is as follows. 


* D, Brownie: “ Super- Pressure hea Genegation.” 
- + Engineering: 1926, vol, 120. p. 5 


Water is pumped at 3 200 Ib. per sq. in. along a small- 
bore tube and gradually heated up to a temperature of 
706° E. Saturated steam leaves the tube at the other 
end and this can then be superheated and throttled down 
to any desired pressure for use in a prime mover. 

In the event of a fracture of the tube, very little 
damage is likely, as the total quantity of steam in the 
boiler at any one time is small. Moreover, as the 
tube is quite small in bore, it can be made to withstand 
easily the high pressure employed. 

The first boiler of this type was installed and tested 
at Rugby in 1924 and 1925 in conjunction with an 
experimental turbine running at high speed. Long 
coils of steel tubing, + in. bore and 1 in. thick, are wound 
round a vertical cylinder of refractory material about 
8 ft. high and 7 ft. in diameter. The whole is surrounded 
by another wall, and the space between the two, con- 
taining the tubes, is also the combustion chamber. 
Above the boiler is another coil acting as a superheater, 
making a total height of 17 ft. 

Distilled water is pumped continuously into the 
bottom of the coils by a motor-driven force pump. 
This five-throw pump was constructed by Messrs. 
Fielding and Platt for a normal capacity of 10000 lb. 
per hour with a maximum discharge pressure of 4 000 lb. 
per sq. in. The pump was driven by the motor through 
gearing. With the above output the motor was designed 
for 68 b.h.p. at 770 r.p.m., while the pump crankshaft 
ran at 71 r.p.m. The pump was provided with a relief 
valve to operate when the delivery pressure exceeded 
4 000 Ib. per sq. in., but was tested up to 6 000 Ib. per 
sq. in. Owing to the extremely high pressure the 
usual air chamber for absorbing inequalities in the 
delivery pressure could not be used, and in its place an 
alleviator consisting of a spring-loaded piston and 
dash-pot was fitted. 

The water at a normal pressure of 3200 Ib. per sq. 
in. passes up through the coils, being gradually raised in 
temperature. After traversing about 90 per cent of the 
length of the coils, the water changes quietly into steam 
at about 706” F. and is then slightly superheated to 
about 720° F. while passing through the remainder of 
the coils. After being passed through a reducing valve, 
it passes at 1500 lb. per sq. in. into the superheater 
coils mentioned previously, and leaves at a temperature 
rather over 850° F. This steam is then ready to be 
utilized in the special experimental] high-pressure turbine, 
which expands it to a back pressure of about 200 Ib. 
per sq. in. 

This boiler passed its tests very satisfactorily, steam 
being continuously generated at the critical pressure at 
the rate of 8 000 lb. per hour, which was the limit im- 
posed by the condenser available at the time. . The safety 
point of view referred to previously was very well illus- 
trated when a superheater coil burst without any damage 
being done to the boiler or the plant generally. 

Another boiler based on the same principle, but of 
slightly different design, has been undergoing trials at 
the works of Messrs. Siemens Schuckert at Siemensstadt 
near Berlin.* Instead of using coiled tubes as in the 
Rugby boiler, the tubes are in the form of short horizontal 
lengths connected at the ends by bends. The boiler 

* Zeitschrift des Vereines Deutscher Ingenieure, 1927, vol. 71, p. 657. 
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has a greater capacity than the one at Rugby, and 
delivers 20000 lb. of steam per hour. The steam, 
which, of course, is generated at critical pressure, is 
reduced to 1420 lb. per sq. in. gauge and used in a 
1 000 kW Escher, Wyss turbine. 

A second boiler of still greater capacity is also now in 
course of construction at the same works. This will 
burn pulverized coal and is designed to deliver 50 000 lb. 
of steam per hour. 

In spite of these new designs and principles in high- 
pressure steam generation, the tendency at present, 
however, seems to be still in favour of the ordinary water- 
tube types with such modifications as the higher pres- 
sures may entail. 


(5) STEAM TURBINES FOR HIGH PRESSURES. 


In the design of modern steam turbines where high 
efficiencies are to be realized, it would appear that the 
general tendency is to use, particularly at the high- 
pressure end, many stages of small diameter; and with 
the increase in steam pressures this becomes still more 
necessary owing to the greater density of the steam 
and the greater available adiabatic heat-drop. 

The introduction of the machine having a large 
number of stages has led in many cases, owing to both 
theoretical and practical considerations, to its division 
into two separate cylinders; and with higher pressures 
a multi-cylinder design becomes even more necessary. 
In cases where reheating is adopted, the multi-cylinder 
design will often be found more suitable, as it gives a 
simpler and more reliable construction than is possible 
where the steam to be reheated is extracted and 
returned to the same cylinder. 

If, as is generally accepted, the multi-cylinder 
design is necessary for these higher pressures, it will 
then be appreciated that a still further reduction in 
stage diameters at the high-pressure end can be obtained 
by the introduction of gearing, thus enabling the high- 
pressure portion to be run at the speed best suited to 
its output. This is of great value with the highest 
working pressure and machines of comparatively small 
output. 

Where a geared turbine for the high-pressure portion 
is used, the further alternative arises of providing a 
separate generator forit. In this way the high-pressure 
portion of the plant is a distinct unit separate from 
the normal-pressure portion. 

High-pressure steam turbines may be divided into 
two main sections, as shown in Tables 3, 4, 5, 6 and 7. 
They are :— 


(A) Turbines designed to expand the steam completely 
to vacuum :— 


(i) Single cylinder with or without provision 
for interheating. 

(it) Multi-cylinder (extra-high-pressure cylinder. 
coupled to normal-pressure cylinder). 


(B) Turbines designed to exhaust against back 
pressure :— 
(i) Direct drive. 
(ii) Geared. drive. 


~ 


The latter group naturally consists of instances of 
superposed high-pressure plant, and included with it are 
some experimental machines and back-pressure turbines, 
the exhaust of which is being used for process work. 

Many large generating stations at present working 
with low pressures and temperatures are faced with a 
serious problem when the question of extension comes 
to be considered. To replace the whole plant (boilers, 
turbines, etc.) with plant working at high pressures 
and temperatures may, for many considerations, be 
out of the question, and in such cases the adoption of ' 
the superposed high-pressure system offers great. 
attractions. By this system it becomes necessary to 
replace only part of the low-pressure boilers by boilers 
working at much higher pressures and temperatures. 
The high-pressure steam is used in a special high- 
pressure turbine exhausting into the existing main 
steam range, and thence, if necessary after re-super- 
heating, into the existing turbo-generator sets. 

The high-pressure boiler and turbine are then run as 
a base-load unit, the other existing low-pressure plant 
being brought into operation as needed. In this way 
the capacity of the station is increased by the output 
of the high-pressure turbine and a considerable gain in 
the station thermal efficiency is obtained. 

Group (A) (3). (See Table 3.)—The single-cylinder 
type of machine is represented by a number of machines 
built by the General Electric Co. of America. A good 
example is shown in section in Fig. 8. It is one of 
two 40000-kW (max. continuous rating) 1 800-r.p.m. 
machines installed in the Philo station of the Ohio 
Power Co. | 

The steam conditions are 550 lb. per sq. in. gauge at 
725° F. at the stop valve and a vacuum of 29in. The 
turbine is of normal design and consists of 19 simple im- 
pulse stages with the blading mounted on discs separate 
from the shaft. Between stages 7 and 8 provision is 
made for extracting the steam at 143 Ib. per sq. in. abs. in 
order to re-superheat it to 725° F. before expansion is 
complete. The pressure-drop in the heater in actual 
operation appears to be about 5 lb. per sq. in. Provision 
is also made for extracting steam from before stage 6 
for use in the condenser air ejector, and before stages 13 
and 17 for heating the feed water to 314” F. at the 
boiler. 

Group (A) (tt). (See Table 4.) —There are quite a 
number of examples of this second group, namely, 
multi-cylinder machines, where the extra-high-pressure 
portion is not entirely separate from the normal-pressure 
portion. Reference to Table 4 will show that in one 
only of the machines in this large section is the pressure 
at the turbine stop-valve greater than 600 1b. per sq. in. 

Where the aim is to increase the efficiency of an 
existing station by introducing high-pressure plant, the 
pressures chosen are, as will be realized later, rather of 
the order of 1000 Ib. per sq. in., but in the case of a 
new station or section of a station the tendency seems 
to be to adopt a limit of about 600 Ib. per sq. in. 

It is not intended to give a detailed description of 
all the machines tabulated in this group but just to 


' draw attention to some of their main features. 


The first section of the North Tees station was 
designed for interheating to 500° F., and for this purpose 
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‘the steam is extracted between the cylinders of the 


Metropolitan-Vickers turbines. In the event of a’ 
sudden drop in load, provision is made to bypass the 
exhaust steam from the high-pressure cylinder direct to 
the condenser, on account of the large amount of steam 
which may be stored in the interheater. This, it will 
be appreciated, is one of the serious problems to be 
faced where such methods of interheating are employed, 
and it is found necessary in most cases to introduce a 
somewhat complicated valve system to avoid this 
trouble, and a second complication of damper devices 
in the reheat boiler to avoid excessive temperatures on 
the low-pressure turbines also at the lighter loads. 

Quite a number of the turbines of this group are 
intended to operate with interheating between cylinders, 
as will be observed from Table 4. In most cases this 
is accomplished in the manner already referred to, 
that is by special ‘‘ reheat boilers,” but in two instances, 
viz. the 208000-kW machine to be installed in the 
State Line station and the G.E.C. No. 5 set at Crawford 
Avenue, live boiler steam is to be the medium by which 
re-superheating is effected. This naturally means a 
rather lower reheating temperature, but it is claimed 
that this disadvantage is offset by the saving in cost 
of the plant. 

The six machines which have been installed in, or 
are under construction for, the Crawford Avenue station 
at Chicago are all excellent examples of this group. 

A very full description of the first set, that con- 
structed by Messrs. C. A. Parsons, has been published * 
and it is not proposed to touch on more than one or 
two points here. In the first place, however, the 
employment of the “end tightened ” type of reaction 
blading for the high-pressure end is to be noted. This 
enables the blade clearance and consequently the 
leakage losses to be kept to a minimum—a very import- 
ant point with such small blades as the employment 
of higher pressures entails—whilst the radial clearances 
can be made ample. | 

The method of connecting the steam chest to the 
high-pressure cylinder is one that is being adopted in 
many instances by designers of high-pressure turbo- 
generating plant. Any liability to distortion due to 
the high temperature and pressure is avoided by 
employing four U-shaped pipes of 8 in. diameter in place 
of one large pipe. Other examples of this construction 
are to be found in the case of the Westinghouse Crawford- 
Avenue No. 3 machine, the Allis-Chalmers 50 000-kW 
turbine at Waukegan, and the Brown-Boveri high- 
pressure machine at Langerbrugge. 

The General Electric Co. of America will ultimately 
have three machines in the Crawford Avenue station, 
and sections of the first to be installed, one of 60 000 
kW, are given in Figs. 9 and 10. 

A section of the high-pressure cylinder of the first of 
the two Westinghouse turbines in this station is given 
in Fig. 11. 

Ultimately a 104 000-kW set by the same maker will 
be installed in this station. This will be characterized 
by an interesting means of increasing the available 
exhaust area. There are three cylinders, and both the 
intermediate and low-pressure cylinders are of the 


* Engineering, 1926, vol. 121, p. 283, 
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Fic. 11.—52 000-kW American Westinghouse turbine (H.P. cylinder only). 
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Fic. 14,—20 000-kW Stork turbine for Utrecht (H.P. and 1.P. cylinders). 
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double-flow type. After leaving..the high-pressure unit 
and having passed through a reheater, one-third of the 
steam is completely expanded in the intermediate- 
pressure cylinder, the other two-thirds partially expanded 
and then carried over to the double-fiow low-pressure 
cylinder where expansion is completed. The effect is 
thus a triple exhaust served by six condensers. 

The new Klingenburg power station near Berlin is to 
contain six turbines operating at a stop-valve pressure of 


_ 463 Ib. persq.in. Three sets will each normally develop 


70 000 kW, and each of the other three 9000 kW. All 
six turbines are of the impulse-reaction type constructed 
by the A.E.G., and a section of the main sets is given 
in Figs. 12 and 13. The noteworthy point about this 
installation is that, in order to keep the turbine plant 
as simple as possible, no interheating is employed and 
no steam for feed heating is extracted from the 70 000-kW 
sets, but the 9 000-kW sets are used for this purpose. 
The latter are two-cylinder back-pressure machines. 
Steam is extracted at 57 lb. per sq. in. abs. at the high- 
pressure cylinder exhaust, and the low-pressure cylinder 
exhausts at 6-4 Ib. per sq. in. abs., 50 that the whole of 
the steam from these sets is used for regenerative feed- 
heating. 

In the Merwedekanal station at Utrecht is another 
good example of group (A) (ii), illustrating, as it does, 
the modern tendency to employ impulse blading for the 
high-pressure portion and reaction blading for the low- 
pressure portion of the turbine. It is a 16000-kW 


(economical) 3000-r.p.m. set built by Stork Brothers 


of Hengelo to the Erste-Briinner design. A section of 
the machine is given in Fig. 14, and a noticeable feature 
of the design is the small diameter, particularly at the 
high-pressure end. Stages 2-10 of the first cylinder are 
only 600 mm (23-6 in.) in diameter. 

Of similar design is a turbine constructed by Erste- 
Briinner for the Witkowitz Coal Mining Co. in Czecho- 
Slovakia. This is to operate in connection with three 
Léffier boilers with an admission pressure of 1470 
lb. per sq. in. It is a quadruple-expansion tandem set 
running at 3000 r.p.m. The high-pressure element is 
particularly interesting in that it consists of 30 Rateau 
stages of very small diameter and exhausts at about 
700 1b. per sq. in. 

Group (B) (+). (See Table 5.) —This interesting group 
consists chiefly of turbines installed in connection with 
“ superposed high-pressure” schemes. The first sec- 
tion of the group comprises direct-driven generating sets. 

Perhaps the best-known example is to be found in 
the Edgar station of the Edison Electric Illuminating 
Co., Boston. This turbine, constructed by the General 
Electric Co. of America, is designed to expand steam 
from 1200 lb. per sq. in. gauge at 700° F. to a back 
pressure of 360 lb. per sq” in. gauge. With a steam 
quantity of 133 000 lb. per hour, the designed output 
was 3 150 kW at 3 600 r.p.m. 

Since it was the first machine of its type, it may 
be worth, while to draw attention in some detail to 
some of its chief features. The whole machine is of 
quite small dimensions and contains 20 simple impulse 


stages having a constant mean diameter of about 


163 in. The mean blade speed is thus only about 
250 ft. per sec., and with: the heat-drop available 


VOL. 66, 


indicates a mean ratio of blade speed to steam speed 
(ufco) of about 0-45. The clear blade heights, on 
account of the density of the steam, are quite small 
and range from about 0-6 in. at the steam end to 
1-2 in. at the exhaust end. A section of the machine 
is shown in Fig. 15 and indicates that the rotor is a 
solid steel forging having the discs integral with the 
shaft. The casing is of a particularly strong con- 
struction consisting of two solid steel castings rigidly 
bolted together, with the inlet and exhaust pipes cast 
integral with the bottom half. The glands are of the 
radial-clearance labyrinth type, both at the steam and 
exhaust ends, and while originally carbon rings were 
also fitted to seal against the atmosphere, they were 
finally replaced by standard labyrinth packing. 

The exhaust steam from this turbine at 375 lb. per 
sq. in. develops, after being reheated, about 12 000 kW 
in the main low-pressure turbines. This plant has now 
been in successful operation for some time and it is 
stated that no difficulties attributable to the high 
pressure have developed. 

A very similar plant constructed by the same company 
has also been operating successfully in the Lakeside 
station of the Milwaukee Electric Railway, Light and 
Power Co. This is rather a bigger machine and is 
designed to develop 7000 kW at 3 600 r.p.m. with the 
same initial conditions but a slightly lower back 
pressure. 

From the experience gained in the succesful operation 
of these two sets the General Electric Co. have now 
under construction a 10000-kW 3 600-r.p.m. machine 
of the same general design for the Edgar station (Fig. 16). 
The initial steam pressure is again 1 200 Ib. per sq. in., 
and the exhaust from this machine will be utilized, 
together with additional normal-pressure steam, in a 
new 65 000-kW unit. 

The Westinghouse Electrical and Manufacturing Co. 
have also constructed a 1 200 lb. per sq. in. back-pressure 
turbine. It is of the impulse reaction type designed to 
give 3 200 kW at 3 600 r.p.m. 

A high-pressure single-cylinder back-pressure turbine 
built by Stork Brothers has been installed in the 
Amsterdam power station. Thesteam pressure is lower 
than in the case of the American machines, being only 
585 lb. per sq. in., but in this case also the exhaust 
is reheated and used in existing machines. In dimen- 
sions it is very similar. There are 13 simple impulse 
stages, the first five of which are 400 mm (about 
153 in.) and the last eight 600 mm (23-6 in.) mean 


diameter. The designed output is 3 200 kW at 3 000 


r.p.m. 

Group (B) (ii). (See Table 6.) —Of the geared high- 
pressure machines, one of the first was the turbine 
designed and constructed by the English Electric Co. 
to work with steam supplied by the experimental 
Benson boiler previously described. 

The turbine was of the simplest possible design, no 
attempt being made to attain very high efficiencies. 
A sectional view of the turbine is shown in Fig. 17. 
It was designed for a pressure at the stop-valve of 
1 422 lb. per sq. in. abs. at a temperature of 842° F. and 
to exhaust at a back pressure of 213 lb. per sq. in. abs., 
with a view to utilizing the exhaust steam in a normal- 
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Fic. 15.—3 150-kW G.E.C. turbine for the Edgar station. 
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Fic. 16 —10 000-kW G.E.C. turbine for the Edgar station. 
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pressure turbine. There is only one simple impulse 
stage of 9-65 in. mean diameter, so that when running 
at 25000 r.p.m.—the designed speed—the ratio of 
blade speed to steam speed (ufc) is about 0-33. The 
disc is made solid with the shaft, the material being 
nickel steel of high tensile strength. On account of the 
small size of the blades and the high speed, an improved 
type of De Laval blade fixing was employed. The 
slots in the disc rim into which the blade roots are 
pressed were made at an angle instead of axially as in 
the standard De Laval practice. In this way a better 
overlap of the discharge edges of the blades is obtained 
than is possible with the original De Laval fixing. 
Further, an increased shoulder area is possible, with a 
consequent reduction in stress. 
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it may be noted that the steam conditions (see Table 6) 
were chosen with reference to the existing main steam 
range conditions, namely, 285 lb. per sq. in. and 625° F. 
It was not thought desirable at the time to incur the 
complications which would be involved in reheating the 
steam, but the new high-pressure plant was required 
to exhaust into the existing plant, so that the conditions 
at the exhaust had to approximate to the figures stated. 

A full description of this turbine, together with its 
tests, has already been published.* It would therefore 
seem unnecessary to draw attention to any of the 
details of construction except to note that by the em- 
ployment of the two overhung wheels a high-pressure 
gland has been avoided, and also that an ingenious 
method has been adopted for cooling the shaft and pre- 
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Fic. 17.—360-kW English Electric Co.’s turbine for Benson boiler at Rugby. 


The glands were of the axial clearance type with 
adjustable clearances. 
The small thrust on the blades was carried by a 


Michell thrust block. The casing was of cast steel and 


the valve spindles, etc., of Monel metal in order to 
withstand the high temperatures and pressures. Special 
windage plates were employed to reduce to a minimum 
disc and blade friction losses. 


The normal running speed of the turbine was to be. 


25 000 r.p.m. and the output 360 kW. For the purposes 

of testing, the turbine was coupled through reduction 

gearing to a Froude dynamometer running at 6 000r.p.m. 

This machine was run during tests on the boiler at speeds 

ranging from 10000 to 30 000 r.p.m., with a maximum 
¡Steam quantity of about 8 000 Ib. per hour. 


Next in point of time is the Brown-Boveri turbine 


at the Langerbrugge station (Fig. 18). In the first place 


venting. steam from blowing into the pedestals, by 
supplying the gland on the exhaust side with water 
under pressure. 

It may also be noted that between the cylinders 
and the valve gear a number of small-bore flexible pipes : 
are arranged in parallel, thus carrying still further 
the arrangement adopted on the Parsons machine at 
Crawford Avenue. ` 

Due to the success of this machine in operation, 
further additions to the high-pressure plant in this 
station are to be made in the form of three new boilers, 
each of 99 000 lb. per hour normal evaporation, working 
in conjunction with an 8 000-kW high-pressure turbine 
with the same steam conditions. When this plant is 
installed the station will have been completely com- 
pounded. . 


*: Engineer, 1926, vol. 141, p. 570, and 1927, vol, 143, p. 550. 
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The 20000 lb. per hour Benson steam generator 
previously mentioned delivers steam to a high-pressure 
turbine constructed by Messrs. Escher, Wyss for the 
works of Messrs. Siemens-Schuckert at Siemensstadt. 
. It is designed for an output of 1000 kW, runs at 
10 000 r.p.m., and is coupled through reduction gearing 
to an alternator running at 3000 r.p.m. A section of 
the machine is given in Fig. 19, from which it will be 
seen that there are nine single-row impulse stages of 
small diameter. Owing to the high inlet steam pressure 
(1 420 lb. per sq. in. gauge) the blade and nozzle heights 
throughout are very small. 

The casing is made in one piece from a solid steel 
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The steam is expanded in nine simple impulse stages 
of small diameter. The rotor, similar to other instances 
previously described, is machined from a solid forging. 
The method of blade fixing is substantially the same as 
in the Benson turbine described above, namely, a 
modified form of the De Laval fixing. The diaphragms 
are all of a “ built-up” type milled from the solid, as 
by this means accuracy of manufacture, a better finish 
and an improved path for the steam are obtained. The 
U-pipe method of connecting the steam chest to the 
turbine, already mentioned, has also been adopted in 
this instance. 


Group (B) (it). (See Table 7.)—A description of a 
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Fic. 19.—Escher-Wyss single-cylinder turbine for Siemensstadt Benson boiler. 


forging, and owing to the coned steam path it is possible 
to drop the whole rotor together with the diaphragms 
into the casing in one operation. The exhaust end of 
the casing, including the exhaust pipe, is afterwards 
bolted on to the main body. 

This plant has undergone intensive tests, and as a 
result a larger high-pressure plant has been installed 
by the same firm. 

The latest plant of this type to be under construction 
is one for the Valley Road power station of the Bradford 
Corporation. When completed, this will be the first 
example of the “superposed high-pressure” system in 
this country. 

The turbine is designed for steam inlet conditions of 
1100 lb. persq.in. at 800° F. It will run at 6000 r.p.m. 
and will drive a 2 500-kW alternator through reduction 
gearing (Fig. 20). 
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De Laval turbine installed at Fors Aktiebolaget appeared 
in a recent issue of Engineering * and this may be 
taken to be fairly typical of other high-pressure machines 
constructed by this company. The turbine, which 
consists of only two single-row impulse stages of a 
little over 114 in. mean diameter, runs at 15 000 r.p.m. 
and drives a generator at 3 000 r.p.m. through reduction 
gearing (Fig. 21). The rotor is machined from a solid 
forging and, like the Brown-Boveri machine at Langer- 
brugge, is of the overhung shaft construction. 

Finally, mention may be made of a. second high- 
pressure turbine built by Messrs. Escher; Wyss for the 
cable works of Messrs. Siemens-Schuckert at Siemens- 
stadt. This is a two-cylinder tandem back-pressure 
machine, designed for double-extraction for industrial 
purposes. Steam is supplied to this machine by the 

* 1927, vol. 124, p. 164, 
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50 000 1b. per hour boiler previously noted, and provision 


is made for reheating the steam between the cylinders, 
which contain 1 Curtis plus 3 simple impulse stages, 
and 8 simple impulse stages respectively. 


(6) INFLUENCE or HIGH PRESSURES ON TURBINE 
DESIGN. 


When discussing the various systems of high-pressure 
steam-turbine installations, the authors drew attention 
to the general tendency of modern designs towards the 
multi-stage, multi-cylinder type, and a brief outline 
was given of the reasons for the adoption of such a 
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abs., the quantity being corrected at the higher pressures 
for greater available heat and somewhat lower turbine 
efficiency. A constant ratio of blade speed to steam 
speed of 0-45 is assumed. From this it will be realized 
that a very considerable decrease in stage mean diameter 
is necessary if reasonable nozzle and blade heights are 
to be obtained at the higher pressures. 

This is important since the influence of nozzle and 
blade heights on stage efficiency is very considerable. 
In a paper read at a meeting of the Schiffbautechnischen 
Gesellschaft, on ‘‘ The Modern Steam Turbine and its 
application to Ship Propulsion,” * Professor Dr. E. A. 


Fic. 20.—2 500-kW English Electric Co.’s turbine for Bradford. 


construction. Descriptions of the chief features of 
many examples of this design were then given, and in 
the light of these it may now be of.interest to consider 
this matter still further. | 

In the first place, the adoption of a larger number of 
stages implies small diameters, which in turn enable 
the machine to be designed with greater nozzle and 
blade heights. This is of particular importance at the 
high-pressure end, and to a large extent counteracts 
the effect of the increased density of the steam at the 
higher pressures. 

Fig. 22 shows the reduction in the nozzle height of 
the first stage of-a turbine as the initial pressure increases 
at constant temperature. It is assumed that the steam 
quantity is 100 000 Ib. per hour at 200 lb. per sq. in. 


Kraft referred to American tests which indicate that 
there is a falling off in efficiency from 97-5 per cent to 
89 per cent as the height decreases from 100 mm 
(4 in. approx.) to 5 mm (0:2 in. approx.). Whilst care 
in the design and finish of the nozzles will minimize ' 
this falling off to a certain: degree, the experience of the 
authors and other investigators shows that the shorter 
nozzles.and blades are undoubtedly less efficient at both 
normal and higher pressures. The results of experi- 
ments with varying heights, for both reaction and 
impulse blading, are shown in Fig. 23. 

The fact that greater blade heights are possible when 
using small stage diameters renders it unnecessary in 
many instances to design the high-pressure turbine with 


* Engineer, 1926, vol. 142, p. 608 
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Fic. 21.—480-kW De Laval turbine for Fors Aktiebolaget. 
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partial admission to the first stage, and hence an increase 
in turbine efficiency, due to a decreased ‘‘ windage ” or 
circulating loss, is possible. 

The employment of smaller diameters has also had 
a considerable effect on the design of the rotor, and has 
led to the introduction of a rotor machined from the 
solid. This design has been adopted in several instances, 
as may be seen from Figs. 12, 14, 15, 16, 19, 20 and 21. 


1%! stage nozzle height (inches) 


200 400 600 800 1000 
, Pressure in front of 1* stage nozzles (Ib per sq. in.abs.) 


Fic, 22.—Nozzle heights for first stage at various steam 
pressures. 


For a given number of stages this design results in a 
reduction of weight and overall length, and, since the 
discs also add to the strength of the rotor instead of 
being merely dead weight, is a more rigid construction. 
Further, for a given blade loading and peripheral 
speed the maximum disc stress is less than in the case 
of discs mounted separately on the shaft, as is well 
shown in Fig. 24. The two types of discs A and B 


Percentage loss 


1 2 3 
Active blade or nozzle height, in inches 
Fic. 23.—Effect of stage height on efficiency. 


for the “ solid ”” and “ separate ” constructions respec- 
tively are shown approximately to scale, and the 
corresponding stresses are represented by curves A 
and B. The third disc C to dotted lines shows the 
increased scanting necessary to reduce the maximum 
stress in the * separate ” disc to that of disc A. 

Apart from these advantages, this construction lends 
itself to a gain in efficiency owing to a reduction in the 


diameter of the glands and, consequently, a reduction 
in the gland leakage. l 

With regard to the method of blade attachment, 
designers do not seem to have found it necessary to 
depart to any great extent from standard practice, 
especially since blade heights and, consequently, root 
stresses tend to decrease with higher pressures. When 
working with high temperatures, however, to minimize 
the possibility of expansion troubles, there is a tendency 
to employ a type of fixing in which each of the blades 
can be fitted independently, and it is for this or other 
reasons already stated that the English Electric Co., 
for example, employ a modified form of De Laval 
fixing similar to that used in the Benson experimental 


_ plant at Rugby and illustrated in Fig. 25. 


No great departure in nozzle design can be ascribed 
to the use of higher pressures, but, since nozzle heights 
tend to diminish with increased pressure, the refinements 
introduced recently in normal-pressure machines are of 
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Fig. 24.—Disc stress curves. 


even more importance in high-pressure construction. 
Thus, various types of ‘ built-up ” diaphragms were 
employed in several of the machines already described. 
With moderately small stage diameters, a type of 
built-up diaphragm similar to that which was described 
in the Engineer (1927, vol. 143, p. 56) as employed on 
an English Electric back-pressure turbine, is in general 
use on high-efficiency machines working with both high 
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and more normal pressures. It consists of separate 
nozzle blocks each cut from the solid and held in 
position on a mild-steel centre. With this construction 
greater accuracy of manufacture and a better finish of. 
the nozzle blade surfaces are possible. Itis also possible. 
to pay greater attention to the shape of the steam 
passage so as to eliminate any losses due to shock and 
turbulence. 

The combination of high pressure and temperature, 
especially where this extends over a considerable 
number of stages as in many of the machines included 
in group (B) (i), necessitates a particularly strong and 
rigid construction for the casing. Various departures 
from the normal design are to be noted from the 
descriptions and sections which have been given of 
different machines. For extra-high pressures the ten- 
dency in design is, however, to try to avoid high- 
pressure joints, both horizontal and vertical, wherever 
possible. A good idea of the construction used by the 
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Fig. 25.—English Electric Co.’s blade fixing for high 
temperatures. 


General Electric Co. in their 1 200 lb. per sq. in. turbines 
can be obtained from Fig. 15. In this instance the 
casing was made in two halves rigidly bolted together, 
each half being a separate casting. The inlet and 


exhaust steam pipes were also cast integral with the | 
bottom half of the casing. In this example it will be | 


noted that the horizontal joint only is subject to the 
highest pressures, and it has been stated that this has 
remained perfectly tight and has presented no sign of 
leakage. In this connection it may be noted that 
extremely deep flanges are used on all body joints so 


as to reduce so far as possible the bending stress in * 


the flange and, by the use of long bolts, make sufficient 
allowance for expansion under high temperatures. 

In the case:of an experimental machine of similar 
size built by the Westinghouse Electrical and Manu- 
facturing Co., it is understood that the casing has been 
made from solid rectangular blocks of steel bored and 
otherwise machined to the necessary shape. 

In some instances, notably in the high-pressure 


- (1927, vol. 71, p. 437). 


cylinder of the Erste-Briinner machine at Witkowitz 
and the Escher, Wyss 1 000-kW machine at Siemens- 
stadt, the horizontal joint has been eliminated altogether, 
and the only joint is a vertical one at the exhaust end. 
In these cases the casing, with the exception of the 
exhaust pipes, is forged from a single piece of steel. 
In the first of these machines the diaphragms are held 
in an inner casing consisting of two steel castings, and 
the whole is then enclosed in the outer casing of forged 
steel. Fig. 26 shows a preliminary design of the steam 
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Fic. 26.—Casing construction by Erste-Brinner. 
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end of the casing for this machine, and further details 
were given in Zeitschrift des Vereines Deutscher Ingenieure 
It will be noted that the 
employment of an inner casing to carry the diaphragms 


has also been used in other Continental machines, 
notably that installed at Utrecht (Fig. 14) and the 
A.E.G. turbine at Klingenburg (Fig. 12), but there is a 
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Fig. 27.—Casing construction by General Electric Co. 


tendency to abandon the use of this inner casing wherever 
possible. 

The use of smaller stage diameters often introduces 
difficulties in providing a steam belt of sufficient size. 
One method of accomplishing this, adopted by the 
General Electric Co. of America, is shown in Fig. 27. 

In order to facilitate the tightening and slackening 
back of the bolts used on these high-pressure joints, an 
ingenious method has been adopted both in the United 
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States and in this country. This consists of drilling 
a small hole up the centre of the bolt and then heating 
up and expanding the bolt either by an electric heater 
coil or the flame from a blowpipe when it is desired 
to make or break the joint. In the United States also 
there is a tendency to use double-nutted studs in place 
oí the usual standard form, as it is understood that a 
certain amount of trouble has been experienced on the 
latter owing to the heads breaking off. The material used 
for these bolts is of high tensile strength, usually chrome- 
vanadium steel. 

With regard to the high-pressure machines built in 
this country, at least one manufacturer is using material 
for bolts to the following specification :— 


Per cent 
Carbon .. 0-3 to 0-4 
Nickel .. | 2°75 to 3-25 . 
Manganese 0-5 to 0-8 
Silicon .. is ie 0-3 max. 
Sulphur and phosphorus 0-03 max. 


Ultimate tensile not less than 45 tons per sq. in. 
Yield point not less than 30 tons per sq. in. 
Elongation not less than 25 per cent 

Reduction in area not less than 50 per cent 


Several designs of pipe joints, three of which are 
illustrated in Figs. 28, 29 and 30, are in successful use 
with high pressures. The first is what is generally 
known gs the Navy ring type, and consists of a thin 
sheet of mild steel with concentric grooves machined 


Fic. 28.—Navy ring type of pipe joint. 


on each face. As far as can be ascertained, this joint 
has not been used for pressures much above 450 
Ib. per sq. in. (see Fig. 28). 

For the higher pressures a modification of this 
joint, details of which are shown in Fig. 29, has been 


used by Messrs. Babcock and Wilcox at Langerbrugge 


with considerable success. 

A third type of joint, which is of American design 
and is known as the Sargol, is shown in Fig. 30 and has 
been most extensively used with very satisfactory 


results in the United States. From an examination of 
the design it would appear to be a development of the 
older Van Stone joint, the principal difference being 
that fine edges are provided for electric welding when 
the final jointing is made. 


Fic. 29.—Babcock and Wilcox pipe joint. 


A fourth type of joint, particulars of which are 
given in connection with the valve in Fig. 31, was 
developed by the English Electric Co. for use with the 
Benson plant, and was used for joint pressures up to 
3 250 Ib. per sq. in. with complete success. 

No great departures from the systems of governing 
employed on normal-pressure sets are to be noted, 
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Fic. 30.—Sargol type of joint. 
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| 
except that many of the, parts such as throttle valves, 
cages, etc., are in some cases machined from solid steel 
forgings, instead of being steel castings. © 
Fig. 31, which illustrates the stop valve used for the 
high-pressure experimental plant at Rugby, may be of 


interest. 1t will be noted that the packing consisted 
of a labyrinth in series with a metallic packing, with 
‘a leak-off pipe between the two. While the metallic 


packing was working efficiently, a valve kept this 
leak-off closed, but in the event of its failing the valve 
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would be opened and, while the leakage of high-pressure 
steam was restricted by the labyrinth, the metallic 
packing could be replaced. 

The various designs of valves are, perhaps, rather 
outside the scope of this paper, but attention might be 
drawn to one difficulty, namely, the cutting of the valve 
and seats when throttling takes place. To overcome 
this, two methods have been adopted. One is to make 
the valve in such a manner that the throttling is done 
on that portion which does not form the actual place 
of sealing, as will be seen in the case of the Benson 
valve (Fig. 31), and the other method is to place two 
valves in series with a bypass between the two. With 
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Fic. 31.—Stop valve for Benson turbine. 
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this arrangement, the first valve is so arranged that it 
is either full open or closed, and any throttling is done 
on the second valve. 

It will be appreciated that one of the difficulties in 
connection with high-pressure turbines is that gland 
troubles are intensified, and the problem of a very 
efficient gland is one which, in the authors’ opinion, 
has yet to be solved. This problem can of course be 
avoided by the employment of an overhung shaft, but 
this arrangement is naturally confined to machines 
where the number of stages is small and the overall 
length short. Since high pressures usually involve 
high temperatures, the carbon type of gland, which is 
satisfactory under lower conditions, is generally out 
of the question. A glance at the various sections given 
of high-pressure turbines will show that in each case 
the high-pressure gland is some form of the “‘ labyrinth ” 


type, the great aim being to introduce as many con- 
strictions as possible into the space available, and to 
reduce the clearances to a minimum. The type of 
gland in which the clearances can be adjusted in an 
axial direction, similar to those which are employed 
for glands and balance-pistons in reaction machines, 
is too well known to require many illustrations, but 
several high-pressure machines are fitted with variations 
of this type. Another method of obtaining an increased 
number of restrictions is to adopt a gland similar in 
principle to the Ljungstrém gland. One example of 
this type is that fitted on the General Electric Company’s 
machine at the Edgar station (see Fig. 15), in which 
the baffles are carried on a number of sleeves. 

The selection of material for the baffles, in view of 
the severe pressure and temperature conditions, is one 
that also requires consideration, as the soft bronze 
alloys that are usually employed for labyrinth glands 
are not suitable. Other non-ferrous alloys, such as 
cupro-nickel, have been tried, but most manufacturers 
appear to be of opinion that steel baffles (of 0-35 per 
cent carbon) are the most satisfactory, providing that 
the surfaces liable to come in contact are reduced to 
an absolute minimum. 


(7) RELIABILITY OF HIGH-PRESSURE INSTALLATIONS. 


Finally, it is desirable to make some reference to the 
reliability of those high-pressure installations which 
have already been put to work. 

It is only to be expected that the steadily increasing 
pressures which have been used during the last two or 
three years will have brought to light new difficulties 
for which solutions have to be found. It is not an 
easy matter to obtain detailed information on a matter 
of this sort, but, since a good deal of progress towards 
the use of higher pressures has been made in the United 
States, a certain amount of information is available 
owing to the great frankness which exists in that 
country in discussing technical difficulties. 

The General Electric Co. has stated that on nine 
machines, all working with a steam pressure of about 
550 to 600 Ib. persq. in., no troubles which could directly 
or indirectly be attributed to the employment of these 
higher steam pressures have developed during periods of 
operation ranging from 6 months to 24 years. 

It is understood that the 3 150-kW turbine at the 
Edgar station did give a certain amount of trouble in 
the early days of its history. The machine was the 
first of its type and it has been stated that certain 
difficulties were experienced in the design of the 
high-pressure gland, but judging from the fact that a 
10 000-kW machine is now' being built to a similar 
design it is evident that the troubles have been success- 
fully overcome. 

In the Report of the National Electric Light Asso- 
ciation of America issued in July, 1927, there. is a 
statement to the effect that the general percentage of 
“ outage ” due to troubles on the high-pressure turbines 
during 1925 was 14-75 per cent, as compared with 
about 7:3 per cent on more normal-pressure machines 
for the same period. Taking into account the fact that 
included in this percentage are machines which must 
be considered. to be purely of an experimental nature, 
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it does not appear that the percentage is a high one, 
and there is no doubt at all that within the next year 
or two the comparison will be much more favourable 
to high-pressure turbines. | 

Not very much information has been available on 
the running of Continental machines. In the case of 
one super-pressure machine it is understood that in its 
early days vibration troubles were experienced, but that 
these were cured by an alteration to the supporting 
and driving of the turbine shaft. Reports on the other 
high-pressure turbines at present running on the Con- 
tinent indicate that they have given excellent results 
and have shown a high degree of reliability. 

The Parsons machine at Crawford Avenue power 
station has given excellent service and, according to 
the information given to the authors, the troubles that 
could be attributed to high-pressure steam conditions 
have been very slight and consist mainly of leaking of 
steam joints in the interconnecting pipes between the 
steam chest and turbine casing, and also a slight leak 
at one of the transverse body joints between the cast- 
iron and cast-steel portions. Both of these leaks 
developed after some 12 months’ service, and the 
former trouble was cured by means of altering the 
jointing rings and the latter by the addition of dumb- 
bell shrink keys. 

On the small experimental high-pressure turbine 
installed at Rugby it was found more difficult to get 
satisfactory operation of the gear box than of the 
turbine itself; the gear-box troubles were, however, 
finally overcome. The high-pressure glands, which are 
shown in Fig. 17, passed through the whole of the 
trials with only minor adjustments, and the turbine 
ran remarkably steadily up to its maximum speed of 
25 000 r.p.m. 


(8) Cost oF HIGH-PRESSURE INSTALLATIONS. 


It will be noted that throughout the whole of this 
paper the question of cost has not been considered. 
This point has been purposely avoided, as it is so often 
the case that engineering projects are proposed or set 
aside entirely from financial considerations, and figures 
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are always difficult to refute. Although for the time 
being it may be possible to show that with increased 
boiler pressures the cost of certain portions of the 
generating plant is considerably increased, at the same 
time it must be remembered that certain other portions 
of the plant are decreased. 

The size of buildings and, consequently, their cost for 
a given kW output are obviously less, and likewise there 
is a saving in the condensing plant, pumping plant, 
and cooling towers where employed. Finally there is 
the consideration that must always be kept before one, 
namely, that if the introduction of higher pressures 
means greater economy, then the ultimate cost of high- 
pressure plant will adjust itself to meet such conditions. 
Otherwise no progress whatever would have been made 
in this direction, and this progress has been steadily 
going on for many years. 


(9) CONCLUSION. 


In conclusion the authors would like to thank Messrs. 
Babcock and Wilcox and others for information and 
for opportunities to inspect a number of high-pressure 
plants. Much information was also gathered for them 
by Mr. W. S. Burge of the English Electric Co., on the 
occasion of his recent visit to the United States of 
Ámerica. 

Also they wish to thank the editors of Engineering, 
The Engineer, Power and Zeitschrift des Vereines Deutscher 
Ingenieure, for permission to publish and make references 
to certain articles which have appeared in those papers; 
the English Electric Co., Ltd., Messrs. C. A. Parsons 
and Co., Ltd., the British Thomson-Houston Co., Ltd., 
the General Electric Co. of America, the A.E.G. of 
Berlin, Messrs. Escher, Wyss and Co., the De Laval 
Steam Turbine Co. of Sweden, Messrs. Brown, Boveri 
and Co., of Baden, the Société Alsacienne de Construc- 
tions Mécaniques, etc., for furnishing particulars of their 
high-pressure turbines ; and Mr. R. Digweed, M.Sc., and 
other members of the steam turbine department at the 
Rugby works of the English Electric Co., Ltd., for 
assistance in preparing the curves and other details in 
connection with this paper. 


DISCUSSION BEFORE THE INSTITUTION, 3RD NOVEMBER, 1927. 


Mr. T. Roles : The remark of the authors on page 89— 
“ The vacuum which can be realized under given con- 
ditions to-day is very near the maximum theoretically 
obtainable, so that improvements in this direction must 
be mainly dependent on local conditions ’’—reminds 
me of a chance meeting I had with Sir Charles Parsons 
a year or two ago. Talking to him on the subject of 
turbines, I remarked on the very high efficiency of 
turbines at that day, and asked him in what direction 
we had to go to improve that efficiency. Sir Charles 
replied, ‘‘ There is only one thing for you to do. You 
cannot go down; you must go up,” and he also ventured 
the opinion that we could safely employ very much 
higher pressures than we were then using. I was 
extremely glad to have that remark from so eminent 
an engineer, as for a number of years in Bradford we 
have been dabbling with this question of high-pressure 


steam. The matter first came up in 1913, when we 
thought that we should soon be requiring a new power 
station; and at my request my staff went into the 
question of the steam pressure for which the new plant 
should be designed. Unfortunately the War stopped 
the development which we then hoped would go forward, 
and we had to take other means to extend our plant. 
Those investigations, however, have been of great use 

to us. As a result of them Mr. J. H. Shaw, who was © 
then my chief assistant, at my suggestion in 1917 wrote 
a paper on “The Use of High-Pressure and High- 


Temperature Steam in Large Power Stations,” which 


was read before the Institution in 1918.* I have read 

that paper through on one or two occasions during the 

last two years since we in Bradford have come into 

actual touch with this high-pressure work, and I have 
| ' © Journal I.E.E., 1919, vol, 57, p. 78. — 
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been very much struck with the prescience shown by 
Mr. Shaw in the conclusions to which he came in that 
paper. He pointed out possible modifications in the 
then existing designs of boilers, turbines, valve and steam 
pipes needed to render them suitable for high-pressure 
. working, and he forecast the development of the multi- 
cylinder turbine, such as we have just seen on several 
of the lantern slides exhibited by the authors. Mr. 
Shaw also showed how, where very large turbines and 
high pressures were necessary, it was possible that one 
portion of the turbine would have to run at a higher 
speed than another, and that development has taken 
place. The question of the quality of feed water 
needed for high-pressure boilers was touched upon, 
and it was shown that it would be very necessary to 
expel air, carbonic oxide gas and oxygen from the feed 
water, otherwise trouble was likely to be experienced. 
One opinion given in Mr. Shaw’s paper, however, has 
not materialized. Hesaid, ‘‘ Before pressures of 500 lb. 
or 600 Ib. per sq. in. are adopted a radical departure 
will have to be made in present boiler construction. 
All square boxes and headers will be eliminated... 
and the type of boiler will no doubt assume the appear- 
ance of a flash boiler, with practically no steam or water 
reserve, and fired by gas on the surface-combustion 
principle.” The actual fact is that boiler makers are 
now making boilers to work at pressures up to 1 400 Ib. 
per sq. in. on lines very similar to those employed in 
making boilers for pressures of 200 to 300 Ib. per sq. in. 
Such boilers are also being fired by chain-grate and other 
types of stokers in exactly the same manner as normal- 
pressure boilers or by means of pulverized fuel, which 
method of firing was not contemplated in Mr. Shaw’s 
paper. Few, if any, are being fired by gas. It is 
possible that in connection with high-pressure plants 
certain other methods of firing will be adopted— 
possibly more in connection with the superheater and 
the reheater than with the boiler, as in my opinion even 
with high pressures we shall before long be using con- 
siderably higher superheats than the properties of metals 
which we are using to-day will allow us to go to. The 
Bradford boiler will have a drum and, therefore, appre- 
ciable steam and water reserve, and also square headers, 
and on casual inspection of that boiler it will be very 
difficult for any one without observing the pressure 
gauge to know that it is designed to work at a pressure 
of 1 100 1b. per sq. in. In the paper already mentioned, 
Mr. Shaw also said, ‘‘ A good case can be made out for 
a jump to 600 lb. pressure witl a total temperature of 
700° to 800° F., but this will involve a considerable 
amount of development charges being borne by the 
undertaking or undertakings which are the first to adopt 
such a pressure.” The War, and the fear of develop- 
ment charges, have until now prevented engineers in 
this country from going ahead in adopting pressures 
of 600 lb. or more, but his remarks have been borne 
out by the experience of a number of undertakings in 
America, such as the Chicago and Columbia companies, 
which have adopted a pressure of about 600 Ib. per sq. in., 
and from what 1 could gather the engineers at both 
Boston and Milwaukee are quite satisfied with the 
results of adopting pressures of 1 200 lb. per sq. in. and 
over. With regard to boiler efficiency, the authors 
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have been daring enough to suggest a figure of 86-5 
per cent, and I think that in all probability that figure 
will be realized. As a matter of fact, boiler makers will 
now guarantee efficiencies of from 85 to 86 per cent 
with chain-grate stokers, and further improvements 
will possibly be made although we are getting very 
close to the limit. Ten years ago Mr. Shaw was criticized 
for suggesting that a boiler efficiency of 77-5 per cent 
could be obtained, and several engineers of repute 
thought that such a figure was practically impossible. 
With regard to turbine efficiencies, too, the figure of 
81 per cent for a 20 000-kW turbine at a pressure of 
200 or 350 lb. per sq. in. was criticized as being high, 
but we know that that figure has now been passed. 
The curves in Fig. 1 show that a very much greater 
increase of cycle efficiency can be obtained by increasing 
the pressure from 200 to 600 lb. per sq. in. than by 
increasing it from 600 to 1200 lb. per sq. in. The 
authors have stated definitely that the matter of cost 
has not been considered in connection with this paper. 


. From the point of view of a study of mechanical con- 


struction and increase of cycle efficiency the question 
of cost is not a matter into which they need enter to any 
great extent in a paper of this description; but on 
considering the subject as a whole the question of cost 
must be looked into, as these plants will not be purchased 
unless the purchaser can see that some definite gain 
will accrue to him by their being obtained. The duty 
of an engineer who is responsible for the running of an 
electricity supply system is to supply a unit of electricity 
at the lowest possible cost, having regard both to running 
charges and capital costs, and if the capital costs of a 
plant are so high that they more than counterbalance 
savings effected by it in connection with running costs 
it is obviously of no use to install such a plant. The 
curves in Fig. 1 are therefore of great value to those 
who are contemplating installing steam plants, as from 
such curves, and also taking the question of capital 
cost into account, they can ascertain the pressure at 
which it will pay them to operate. It will be quite 
clear that if the price of plant is high and the price of 
coal is low, it will not pay to adopt a very high pressure. 


- On the other hand, the more cheaply the plant can be 


obtained and the higher the price of coal the higher is 
the steam pressure which can usefully be adopted. 
The authors point out that two systems are being used 
in the utilization of higher steam pressures. In one 
case the high-pressure cylinder is attached to the low- 
pressure cylinder of the turbine. In the other the high- 
pressure cylinder is entirely separate, and the steam 
from that cylinder is exhausted into the main range 
of the station and used for existing plants. The general 
practice in America is to use a pressure of 500 to 650 1b.. 
per sq. in. in stations that have to run at a high load 
factor and in which high-pressure plant is to be used 
throughout. For a station with a poor load factor, or 
otherwise in connection with a station having existing 
low-pressure plant, they consider that they can usefully 
employ a pressure as high as 1 200 or 1 400 Ib. per sq. in. 
on a certain portion of the plant, because the pro- 
portion of high-pressure plant required is comparatively 
small in stations of that description; and therefore, 


| taking the mean cost of both high- and low-pressure 
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plant, the capital cost per kW will be less than in the 
case of a station run throughout at about 600 lb. per 
sq. in. The question of regenerative feed-heating and 
reheating is dealt with somewhat fully in the paper. 
There is no doubt that to obtain the best results from 
high-pressure steam plants regenerative feed-heating 
is absolutely necessary, and reheating is desirable. 
Reheating, however, so far as one can judge, has not 
been found an altogether practicable proposition in a 
number of stations in which it has been tried out. At 
North Tees, where reheating was first practised in this 
country, the plants which have been recently installed 
have no reheaters.. The same appears to be the case in 
connection with the Commonwealth Edison Co.’s 
station at Chicago, and there are rumours that other 
stations are none too satisfied with their experience of 
reheating. As, however, reheating seems to be essential 
if one is to get the best results from high-pressure plant 
and also keep the low-pressure end of the turbine in 
good condition, it is a matter which will have to be 
further looked into. I presume the difficulty is largely 
one of the volumes of steam which have to be dealt 
with and taken back to the boiler. If other means of 
reheating, such as are now being tried out in America, 
can be successfully applied, there is a possibility that 
reheating will become more popular. 

Mr. E. R. Wilkinson : On page 91 the authors give 
the relieating pressure for a power station having an 
initial steam pressure of 250 lb. per sq. in. and a tem- 
perature of 750° F. as 60 Ib. per sq. in. abs. I feel 
that this reheating pressure is rather high for those 
initial steam conditions, even assuming that reheating 
could be justified for 250 lb. per sq. in. initial steam 
pressure. At Barking, the reheating pressure is of that 
order where the initial pressure is 350 lb. per sq. in. 
In the paper it is shown that some improvement in 
efficiency takes place due to reheating as the initial 
pressure increases, but no mention is made of the large 
reduction in capital cost of reheating at higher pressures. 
If we take the initial steam pressure as, say, 600 lb. per 
sq. in., the reheating pressure would be of the order of 
120 lb. per sq. in. abs. At 120 Ib. per sq. in. the 
density of the steam is about twice what it is at 60 lb. 
per sq. in., and the important point is that the higher 
the initial steam pressure, and consequently the reheating 
pressure, the greater is the density of the steam. This 
results in a corresponding reduction in the size of the 
reheater piping to the reheaters, the reheating elements 
of the reheater boilers, and the reheater piping from the 
reheater boilers to the turbine. A very considerable 
saving can be made in capital cost, quite apart from the 
increased efficiency obtained by reheating at higher 
pressures. Several references are made to the difficulties 
of design and lower stage efficiencies due to high steam 
pressures necessitating very small blade heights and 
nozzle heights. The point is specifically dealt with on 
page 111, and Fig. 22 gives the nozzle height of the first 
stage for various initial steam pressures ranging from 
200 to 1 000 lb. per sq. in. The steam quantity assumed 
is 100000 lb. per hour at 200 lb. pressure, with the 
necessary corrections. up to 1000 lb. pressure. That 
represents, say, 9000 kW capacity, and I feel that 
9000 kW is not quite the criterion for considerations 


relating to high-pressure sets. The larger the capacity 
of a set the more steam will be consumed, and the greater 
the blade and nozzle heights required, so that the diff- 
culties attending small blade heights are largely over- 
come with large machines. In this respect the Elec- 
tricity (Supply) Act of 1926 will help turbine designers 
very considerably. The position hitherto has been that 
small sets have had to be installed for two reasons: (1) 
the small loads which have had to be dealt with by a 
great number of isolated undertakings, and (2) the fact 
that in nearly all cases the power stations have had to - 
carry their own spare plant. Under the new conditions 
when the “ grid ” is established, neither of these con- 
siderations will limit the size of set. The load to be 
dealt with will be the greater part of the load of the whole 
country, and the spare plant will be reduced to a mini- 
mum due to the fact that any breakdown at a station 
will be made up by a small increase of output from all 
the other interconnected stations. The factors govern- 
ing the choice of size of set have been materially altered. 
It is now a question simply of determining the most 
economical size of set. Generally speaking, the most 
economical size at any speed is the largest size which . 
can be constructed for that speed. This is about 
25000 kW (max. cont. rating) for a 3 000-r.p.m. 
machine and it is not likely that sets of less than 
25000 kW will be used in future. For larger 
capacities 1500-r.p.m. machines must be used and 
it is only when the capacity of machines running at 
that speed approaches 50000 kW that the lower 
capital charges and increased efficiency obtained make 
it more attractive than the 3000-r.p.m. machine. It 
is reasonable to assume that under the new conditions 
the minimum size of set should not be less than 50 000 
kW. For a set of this capacity the difficulties of design 
and low efficiency which are inherent with small blade 
and nozzle heights become a much less important factor 
in considering the adoption of high steam pressure. 
Whether a larger set than 50 000 kW may or may not 
be the most economical size is another matter. It is 
not so much a question of economics of steam pressure 
as of economics of arrangement. Beyond 50000 kW I 
think a double-exhaust machine must be installed. This 
would probably mean an increased capital cost per kW 
and it seems doubtful whether sets of this type are 
really justified as compared with the single-exhaust 
50 000-kW machine. For very much larger capacities 
an arrangement similar to that of which the authors 
have given some particulars, namely the 208 000-kW 
machine for the State Line power station of the: 
Commonwealth Edison Co. of Chicago, may be the 
most economical arrangement. In that machine there 
are three lines (i.e. one high-pressure and two low- 
pressure), each running at about the maximum speed 
for its output. The authors have dealt adequately 
with design but they point out that the question 
of cost has been purposely avoided. The adoption of 
high steam pressures has gone beyond the stage 
of experiment, and the authors state that about 
30 plants are to their knowledge working satisfac- 
torily. The question of. relative cost compared with 
the savings to be effected at high pressures will really 
decide the matter. Here again, the new conditions 
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imposed by the 1926 Act will be favourable to the 
adoption of high steam pressures. In the particulars 
already published the new base-load stations are shown 
as operating at 75 per cent load factor, and with such a 
load factor high steam pressures can be justified. In my 
opinion a good case can be made out for steam pressures 
of 600 Ib. per sq. in. at a station operating at a load 
factor of about 65 to 70 per cent, assuming that the 
station is equipped with sets.of 50000 kW capacity 
designed for one stage of reheating and three stages of 
bled-steam feed heating. To sum up, my conclusion is 
that the near future will necessitate radical amendment 
of our ideas of turbine design, involving much larger sets 
and high steam pressures. One of the most important 
features of the legislation of last year is the opportunity 
it gives to turbine designers. Generating plant similar 
to that in America may now be contemplated, and atten- 
tion should be given to the design of machines of 50 000 
kW and upwards (not downwards) operating at 600 Ib. 
per sq. in. or thereabouts. 

Mr. W. M. Selvey: Mr. Roles has referred to Mr. 
Shaw’s paper. In an address to the North Midland 
Centre * following on that paper I put forward certain 
calculations on a matter in which I was particularly 
interested, namely, the question of interheating, or 
reheating as it is now called, and I came to the conclusion 
at that time that it was not a line of progress which 
was likely to lead us very far. The history of the 
pioneer machines at North Tees should not be taken 
really as judging this question. Many other things 
have to be taken into consideration before merely 
paper gain can be translated into cheaper power. 
American engineers are not now in favour of schemes by 
which steam is fed back to a boiler for reheating, but are 
concentrating on the fact, for the moment at any rate, 
that the power of producing superheated steam in a 
superheater is certainly well in advance of the power of 
receiving and governing such steam in a modern governor 
valve. Provided that the governor valve and gear, and 
the like, can be made to deal efficiently with steam at as 
high a superheat as it is possible to produce, I think 
that would finally dispose of any question of reheating— 
except in the event of a power station becoming con- 
nected withsome form of coal-treatment works. In the 
address mentioned above I suggested that we should 
have to bring gas to the interheater at the turbine, and 
that probably connection with the coal-treatment 
scheme would make available a low-grade gas which it 
would be safe to apply to a direct superheater. That is, 
I think, still possible, and I was very interested to read 
Dr. Bergius's statement in his paper read last year, that 
even in his system he had to get rid of a purging gas which 
is probably at least 50 per cent fuel. Even in that form 
of coal treatment, which reduces waste heat or by- 
products to a minimum, there is a surplus gas which may 
be used for the purpose of interheating. The other 
desirable. effect in interheating, apart from cycle effici- 


ency, was presumably a gain of efficiency in the lower. 


stages due to the elimination of moisture and erosion 
on the blades. I have come to the conclusion, rather 
guardedly, that the gain in efficiency due to the elimina- 
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tion of that moisture is not so high as was anticipated, 
and, as regards erosion from water, we shall probably 
obtain a material which will not be eroded by water 
moving at the lower velocities which we hope to obtain 
in the more modern machines. The use of pulverized 
fuel has very nearly fulfilled Mr. Shaw’s definition of a 
flash boiler with surface combustion. The gasification 
takes place in the furnace, and the presence of ash as a 
radiating medium has almost the same effect as that 
which Mr. Shaw foresaw. 

Mr. I. V. Robinson: It is the experience of the 
power station engineer which will determine whether 
or not any machine will be a success. I was recently on 
the Continent and had an opportunity of visiting the 
Langerbrugge station, where there is now installed a 
1 600-kW high-pressure set working at 700 lb. per sq. in. 
and 840° F., and consisting of two cylinders placed side 
by side and about 30 inches in diameter. I also visited 
a high-pressure station which is not mentioned by the 
authors. That is a station put down by the Dutch 
State Mines Commission at the New Mauritz pit, near 
Heerlin. The Commission supplies electricity to the 
whole of the Province of Limburg, and is putting down 
a station which will ultimately have a capacity of 100 000 
kW, and also some compressors for use in the mines. A 
pressure of 36 atmospheres has been adopted, and there 
are to be 5 turbines each of 20000 kW manufactured 
by Stork Brothers, of Holland. The boiler house is 
practically a replica of that to be erected at the East 
River or 14th Street station in New York. A most 
interesting fact which I should like to mention is that 
Prof. Van Itersen, the Commissioner in charge of the 
surface work of the State Mines, will not use any special 
joint at all for his high-pressure steam pipes. The 
contractors were desirous of using either the Sargol 
joint or the corrugated-steel ring joint, but Prof. Van 
Itersen refused on the ground of expense. His method 
is simply to face the pipes up, scrape and set them 
accurately and bolt them together. He told me that 
he would have no hesitation is using this method for 
much higher pressures. 

Mr. J. W. J. Townley : Table 2 and the curves in 
Fig. 1 make it clear that the gain in thermal economy 
decreases very rapidly as the pressure increases. If the 
effect of capital charges is applied to the curves in Fig. 1, 
it will be found that the curve of overall gain flattens out 
rapidly after about 500 Ib. per sq. in., and a casual study 
of such a curve will lead one to believe that there is not 
much advantage in adopting pressures in excess of 500 
or 600 lb. per sq. in. It is, therefore, interesting that 
the authors have pointed out in the paper that repeat 
orders have been placed for plants working at pressures 
in excess of 800 lb. per sq. in. It would appear, therefore, 
that the higher capital and maintenance charges conse- 
quent upon the use of those higher pressures do not — 
entirely nullify the advantages to be derived. In 
considering the problem of cost, it must be remembered 
that the boiler heating-surface necessary is reduced as 
the pressure is increased. The point that has to be 
considered is the cost per kW and not, as we often think 
in regard to boiler plants, the cost per square foot of 
heating surface. A little information has been given 


. in the paper about the operation of high-pressure plants, 


I 


APPLICATION TO THE STEAM TURBINE: DISCUSSION. ` 121 


but in the case of the system in which a high-pressure 
unit is installed in an existing low-pressure station the 
question of operation is extremely complicated, and I 
am disappointed to find that that matter has not been 
dealt with in the paper. Mr. Roles, at Bradford, is at 
present dealing with that problem as a matter of neces- 
sity, and I hope that we shall soon hear the results of his 
experience. I had an opportunity of seeing the original 
1600-kW h.p. turbine at Langerbrugge. It was an 
extremely attractive-looking unit, consisting of two 
very small overhung turbines geared to the end of the 
alternator shaft. It would now appear that the company 
who built the plant have abandoned that design and have 
adopted a single-cylinder unit of standard design for the 
new machine. Can the authors say why the original design 
was dropped ; was it because of the overhanging wheels 
or the extremely small blade heights involved when using 
a two-cylinder design, or for some other reason ? 

Mr. Albert Page: In Fig. 5 the authors give the 
efficiencies of a turbine at various pressures. I should 
be glad if they would state the capacity of the machine 
under consideration, as capacity has a vital bearing on 
the question of efficiency. I am of the opinion that 
modern designers would be quite prepared to supply 
turbines, especially for the lower pressures, of a higher 
efficiency than that indicated in the paper. There would 
appear to be some mistake in Fig. 19, as the diaphragms 
are shown as being solid on the periphery, whereas in 
reality they are undercut, providing as it were a spring 
around the entire surface. If such a provision were not 
made, with the high temperatures employed there would 
be no clearance for the “ breathing ” of the diaphragms, 
which is absolutely necessary. Another point is that 
the gears of this machine are shown as being helical, and 
as such they would produce a thrust. The actual 
machine, which I saw in manufacture about 2 years 
ago, had a straight-cut gear. In one of the authors’ 
lantern slides a rotor was shown carved from a solid 
ingot. From a mechanical point of view I think that 
the rotor discs should be curved at the junction of the 
wheels and the shaft. With the high speeds involved, 
the sharp edges shown would naturally set up excessive 
stresses, and therefore the profile might beneficially be 
altered to include a radius. On another lantern slide 
there was an interesting reference to steel diaphragms. 
Was steel for the diaphragms adopted on account of 
growth of the cast iron at the high temperatures and 
pressures involved ? To deal with these circumstances, 
a new composition of cast iron is now being employed in 
turbine manufacture. It is interesting to note that, 
although it is cast iron, it can be turned almost as steel 
can be turned, and shavings several feet long are ob- 
tained. That composition of cast iron is stated to be 
non-growing and might be usefully employed in such 
circumstances, as a steel diaphragm is necessarily more 
expensive than a cast-iron one. Regarding the question 
of economical size, a previous speaker very rightly 
mentioned that the 1926 Act has altered entirely the 
aspect of turbine design, and it is now a question of 
the most economic size ot turbine to build in relation 
to cost per kW. I am of the opinion that the 
25 000-kW (max. cont. rating) set mentioned would not 
be the most economical, as it would involve the use of 
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a twin casing, which is not only expensive but would 
occupy greater floor space, and there would be the 
additional bearing losses, etc., to be considered. I would 


suggest, looking to the future, that a 20 000-kW (max. 


cont. rating) turbine in one casing would be a more 
economical proposition. I have followed the design, 
both in this country and on the Continent, and the 
trend of opinion appears to be reverting to the use of 
single-casing machines because we can secure the same 
efficiency with such machines, provided that the exhaust 
is correctly designed and that there are no excessive 
losses from the last runner wheel to the condenser. By 
employing single-casing machines we can manufacture 
much more cheaply and cut down the floor space and 
thereby the building costs, etc. In addition, a 25 000-kW 
turbine would require a double exhaust. Even with a 
20 000-kW set this is necessary, but such a condition is 
not prejudicial to the turbine as it can then be equipped 
with twin condensers and, in the case of an emergency, 
One condenser can be shut off and cleaned, which is a 
great point in power station operation. Finally, it is 
very interesting to know that last year Messrs. Krupp 
are reputed to have supplied 170 boilers for pressures of 
over 600 Ib. per sq. in. That alone is an indication of 
the great progress which is being made on the Continent, 
and it is well to know that we, too, are keeping pace with 
modern design. | 

Mr. R. W. Mountain (communicated): The various 
curves upon which Figs. 6 and 7 are based are of great 
value, but it would be interesting to know whether the 
gain due to three-stage bled-steam feed-heating, shown 
in Figs. 2 and 2a, and that due to one-stage reheating, 
shown in Figs. 3 and 3a, are the calculated gains or 
whether they are based upon operating results. 
Operating results tend to show that the gain from 
feed-heating is higher and the gain from reheating ` 
lower than those obtained by direct calculation from 
the Mollier diagram; the authors state, however, on 
page 94 that allowance has been made in the curves for 
the pressure loss in the reheater and that this allowance 
has been based on actual operating results. The turbine 
efficiencies given in Fig. 5 would appear to be lower 
than those which can be obtained at present, par- 
ticularly if the values are based on turbines having 
a capacity of the order of 25000 kW. It is presumed 
that the turbine efficiencies quoted are the efficiencies 
for a turbine designed for and operating ‘‘ non-bleeding,”’ 
as it is known that the efficiency of a turbine designed 
for and operating with the extraction of steam for feed- 
heating is higher than the above efficiencies, due to the 
greater quantity of steam passing through the high- 
pressure end and to the corresponding increase in blade 
height and also to the reduced quantity of steam passing 
through the low-pressure end of the turbine. Perhaps 
the authors would state whether any allowance for this 
difference in efficiency has been made. On page 99 the 
authors mention the application of live boiler steam for 
reheating. It would be interesting to know what results 
are obtained from this method, as it would appear at 
first sight that the comparatively low temperature to 
which the steam can be reheated (approximately the 
saturation temperature corresponding to the boiler 
pressure) would not justify this method. 
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Messrs. A. H. Law and J. P. Chittenden (in 
reply): Mr. Roles mentioned the question of the 
quality of feed water in high-pressure boiler operation. 
Our experience on the Benson plant at Rugby was to 
the effect that it was very essential that the water 
should be absolutely free from all impurities both solid 
and gaseous, and great care was taken to that end, 
particularly as the boiler tubes were of very small 
diameter. On the general subject of high-pressure 
boiler design we are in full agreement with Mr. Roles’s 
remarks; for, from all the information available and 
‘the high-pressure boilers that we have seen, practically 
the only departure from normal design has been an 
increased thickness of metal and the use of solid forged 
drums. As for boiler efficiency, we should say that the 
available evidence from actual tests goes to show that 
there is no difference between the efficiencies obtainable 
at high or more normal pressures. In a paper given by 
O. A. Wiberg on “ High Pressure Water-tube Boilers ” 
at the First World Power Conference, the test figure 
quoted for a 600 lb. per sq. in. boiler was 86-5 per 
cent. At Columbia the result is 88-2 per cent, at 
Langerbrugge about 87 per cent, and at Utrecht 
86:7 per cent. It would seem, therefore, that an 
efficiency of at least 86-5 per cent over a range from 
500 to 800 lb. per sq. in. is quite practicable. The 
question as to whether the extra expense and compli- 
cation due to the installation of ‘‘ reheating ” is justified 
by results, is rather a difficult one. There is, however, 
a rather interesting statement in “ An American Diary,” 
which appeared in a recent issue of the Engineer,* to 
the effect that reheating was not embodied in the 
fourth unit at the Crawford Avenue station at Chicago, 
“not because the benefits of reheating are not appre- 
ciated, but because the unit was to be used under 
conditions of very variable load and the expense of the 
reheating plant could not be justified.” 

In reply to Mr. Wilkinson, the reheating curves 
lave been worked out carefully in order to obtain the 
point of maximum efficiency, which, of course, varies 
with the initial pressure. With an initial pressure of 
250 lb. per sq. in. with a 28 in. vacuum, the most 
economical point at which to reheat is about 60 lb. 
per sq. in. abs., and at higher pressures may increase 
to 100 or 120 Ib. per sq. in. abs., as shown by the 
figures for Columbia, Crawford Avenue and other 
stations. There is, however, a considerable range of 
reheating pressure over which the gain due to reheating 
is practically constant. Thus with 250 lb. per sq. in. 
initial pressure, the gain between reheating pressures of 
45 to 70 lb. per sq. in. abs. does not vary more than 
0:2 per cent. Whenever possible, therefore, it is to the 
advantage of the designer to use the higher pressure in 
preference.to the lower one and, in this way, to minimize 
the difficulty and cost of dealing with large volumes of 
steam which Mr. Roles has already mentioned. Mr. 
Wilkinson also pointed out that the rather small 
Quantity of 100 000 Ib. of steam per hour has been used 
in obtaining the curves shown in Fig. 22. This quantity 
was intended only to be a basis from which the correct 
nozzle height for any other steam quantity could 
readily be obtained. As for the remarks made on the 


* 1937, vol. 144, p. 360, 


question of turbine economical output and speed, the 
subject is one which, in our opinion, is rather outside 
the scope of the paper, but we should like to point out 
that a 40 000-kW machine running at 1500 r.p.m. is 
not relatively so large a machine as a 20 000-kW turbine 
at 3 000 r.p.m. 

We thank Mr. Selvey for his remarks, and agree 
with him that the problem of reheating still requires 
much consideration and investigation as to the best 
method of accomplishing it in practice. As he suggests 
it may well be that under certain conditions the employ- 
ment of low-grade gas obtained from some coal treat- 
ment scheme would be one solution of the question. 
We do nct, however, quite agree with him that the loss 
in efficiency due to wetness is not so important as is 
usually believed. No doubt blades can be made to 
resist the cutting action of water in the steam, and this 
is indeed now being done in some instances by fitting 
the inlet edges of blades with a sheath of nickel-chrome 
steel. The fact remains, however, that, if high efh- 
ciencies are to be obtained, the wetness at the low- 
pressure end of the turbine must be reduced either by 
reheating or some such means as draining. 

We should also like to thank Mr. Robinson for the 
information as to the new high-pressure station in 
Holland, particulars of which were not included in the 
paper. On the subject of joints, it is quite possible to 
make a satisfactory high-pressure joint without going 
to the expense of welding. We were recently informed 
that there is in the United States of America at least © 
one station in which the Sargol joint is employed but in 
which the welding had never been accomplished and 
where the joints have remained perfectly tight. 

The question of the control of superposed high- 
pressure plants, which Mr. Townley raised, is well 
answered by a statement which appeared in a report of 
the Prime Movers Committee of the National Electric 
Light Association recently, to the effect that although 
tremendous precautions had been taken to ensure safe 
operation under various emergency conditions at Edgar 
station, all that had actually been required was a 
reducing valve and nozzle between the high-pressure and 
normal-pressure mains. 

We would say, replying to Mr. Page, that the 
efficiency figures given for the turbine in Fig. 6 are 
based on a machine bladed for an output of about 
30 000 kW, but, as has already been explained, they are 
comparative rather than absolute values. Therefore, 
if it is desired to raise the efficiency at the lower pres- 
sures, the efficiency at the higher pressures should be 
increased in proportion. We are quite aware that the 
diaphragms shown in Fig. 19 are really undercut at the 
periphery, but we considered this to be rather a minor 
detail of design, which, together with other details, was 
omitted so as to render the main design of the machine 
as distinct as possible. The diaphragms illustrated in 
the lantern slides were made of steel on account of 
high temperatures, and in our opinion this is a more 
satisfactory construction than any form of cast iron. 

Mr. Mountain questioned the gain fo be derived from 
steam reheating. With regard to this, as far as we 
are aware no actual test-figures are yet available, but it 
is understood that several stations in the United States 
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are now installing plant of this nature. 
and sections of the heater being installed with the 
fifth turbo-alternator unit at Crawford Avenue were 
recently published in Power,* and the designed reheat 
temperature was there stated to be about 470° F. It 
is claimed that the disadvantages of the comparatively 
low reheat temperature, which is nevertheless sufficient 
to keep the steam dry in all but.about the last stage of 
the turbine, are more than counterbalanced by the 
reduction in control difficulties, pressure loss and initial 
cost. Mr. A. D. Bailey, of the Commonwealth Edison 
Co., has stated that “ though the heat economy is a great 
deal less (i.e. than boiler reheating), only 3 per cent 
as compared with 5:5 per cent, the final economy will 
probably be as good, if not better.” ł Replying to 
Mr. Mountain’s queries as to the bases of the curves in 
Figs. 6 and 7, the values have actually been calculated 


* Vol. 66, p. 288. t Engineer, 1927, vol. 143, p. 635. 
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but are not purely theoretical since the calculations 
have been made with conditions and losses such as 
exist in practice. In the reheating calculations the 
usual “ wetness correction ” of 1 per cent decrease in 
stage efficiency for 1 per cent increase in mean wetness 
content has been employed, and the pressure loss in 
the heater piping based on operating results of stations 
where reheating has been employed. 

We fully appreciated that the design of a turbine can 
in many cases be improved by the use of feed-heating, 
since it increases the blade heights at the high-pressure 
end, to the importance of which attention has already 
been drawn in the paper, and it also results in a reduc- 
tion in leaving losses from the last stage. In obtaining 
the “ feed-heating ” curves, allowance has been made 
for losses in heat transfer from steam to feed water and 
for an improved turbine efficiency, due to the decreased - 
steam quantity in the low-pressure portion of the turbine. 


| DISCUSSION ON 
“RATING AND SERVICE CAPACITY OF TRACTION MOTORS.” * 


Dr. Edward Hughes (communicated): In the 
section dealing with the effect of armature reaction on 
the core loss, Dr. Carter puts forward. a method esti- 
mating the iron loss on load that is similar to one which 
I suggested in a paperj published in the Journal about 
three years ago; and I am very interested to find that 
the method is so well supported by actual tests on a 
large number of machines. In my own case, I was only 
able to check the calculated values against test results 
obtained by distorting the field artificially by means 
of a compensating winding; but the calculated and 
experimental results were in such good agreement over 
very great ranges of frequency and of distortion that it 
was impossible to avoid the conclusion that the method 
did account with reasonable accuracy for the incremental 
loss due to flux distortion. It was pointed out in my 
paper that the iron loss in the teeth due to the flux of 
the commutating poles is by no means negligible on full 
load, and that it can be estimated satisfactorily from the 
same expression as that used for calculating the iron lọss 


on no load. This is due partly to the hysteresis loss 


per cycle being dependent upon the maximum flux 
density and not upon the duration of magnetization, 
and partly to the transverse eddy-current loss in the 
teeth being dependent upon the rapidity with which a 
tooth passes into and out of a magnetic field, and not 
upon the length of the pole arc. I shall be interested to 
know to what extent an allowance for this interpolar 


* Paper by Dr. F. W. Carter (see vol. 65, p. 994). 
t” Losses in D.C. Machines,” Journal J.E.E;, 1925, vol, 63, p. 85. 


iron loss reduces the discrepancy between the curves of 
experimental and calculated core losses in Dr. Carter’s 
paper, especially in regard to their slope. It may also 
be stated that in my paper the method of estimating the 
iron loss on load is extended to cases of such large 
distortion that the polarity of one pole-tip is reversed 
by the cross flux. Even in the extreme case of cross 
flux only, the calculated values of the iron loss agree 
remarkably well with the experimental results. 

Dr. F. W. Carter (in reply): In the course of pre- 
paring my paper for publication, I examined Dr. Hughes’s 
valuable paper, with others of like object, in order to 
discover whether the method that I proposed had been 
anticipated. I concluded that Dr. Hughes was inter- 
ested in a different matter altogether, viz. that of the 
computation of no-load core loss. By the ingenious use 
of a compensating winding to distort the field, he ob- 
tained a flux distribution more nearly approximating to 
that of a loaded machine and found his methods of 
calculation still applicable. I, however, dealing with 
machines in esse, had no thought of a computed core 
loss, but proposed to make new use of the measured 
core loss. As it is not practicable to distort the field 
for the measurement, I proposed to take the open-circuit 
core loss corresponding to the maximum magnetization 
occurring under a particular condition of load, and to 
use this as the core loss of the motor when actually 
carrying the load. The suggested method does not 
rank higher than an empirical rule, which calls for 
further substantiation. 
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ELECTRICITY IN MINES.* 


By J. A. BERNARD HorsLey, Member. 


DEVELOPMENT IN COAL MINES. 


Development in the application of electric power in 
the mines of Great Britain can be indicated most 
readily by excerpts from the statistics that are published 
annually by the Mines Department. Detailed par- 
ticulars of the horse-power of electric motors installed 
for various purposes, in all mines that are governed by 
the Coal Mines Act, 1911, became available first for the 
year 1912. In Table 1 these particulars are compared 
for the years 1912 and 1926. 


TABLE 1. 


Horse-Power of Electric Motors installed for Various 
Purposes in all Mines governed by the Coal Mines 


Act, 1911. 
H.P. of electric motors installed 
Purpose 
1912 1926 Increase 
Above ground : 
Winding 23895 | 132569 | 108 674 
Ventilation .. . | 30894] 109 612 78 718 
Haulage et .. | 23754] 71883 48 129 
Washers and screen 43 570 | 132 234 88 664 
Other purposes .- | 71 975| 321802 | 249 827 
Total above ground | 194 088 | 768 100 | 574012 
Below ground : 
Haulage 130 025 | 356 727 | 226 702 
Pumping .. .. | 144 318 | 365191 | 220873 
Portable machinery | 31038 | 103 763 72 725 
Other purposes 11 287 | 26 364ł 15 077 - 
Total below ground | 316 668 | 852045 | 535 377 


Aggregate total 510 756 |1 620 145 | 1 109 389 


Scrutiny of the corresponding figures for each of the 
intervening years, which it has not been considered 
necessary to reproduce here, suggests that there is no 
- indication of any approach to saturation in the use of 
electricity in these mines but, on the contrary, that the 
rate of increase has been accelerated since the year 
1921, especially in the application of electric power 
above ground. 
š ; ee 
be oftalne mom it alana he Ins Om Price 08 each, can 


t Includes 8 142 h.p. for conveyors and loaders, which were not separately 
scheduled in former years. 


RELATIVE USE OF ELECTRIC POWER FOR DIFFERENT 
PURPOSES. 


The relative use of electric power, for the different 
purposes that have been scheduled in Table 1, varies 
considerably in different districts. 

Particulars are available, in the published Annual 
Reports of H.M. Electrical Inspector of Mines, for 
instituting such a comparison, if desired, in 25 sub- 
districts, which are mostly comprised by county 
boundaries, but for the purpose of this review 
it will suffice to compare the eight Divisions under 


which the coalfields are grouped for Inspection. In 


Table 2 this comparison is made upon a percentage 
basis for the year 1926. It will be seen that the greater 
variations occur under the headings of winding (above 
ground), and portable machinery (below ground). 

The differences suggested by Table 2 are not merely 
relative. For example, in Scotland 9398 h.p. is 
installed for winding, as compared with 61 402 h.p. in 
the Monmouth and East Glamorgan division, whereas 
for portable and semi-portable machinery, i.e. for coal- 
face machinery, Scotland had installed 55 632 h.p., 
while the corresponding figure for all Wales, with 
Lancashire and Cheshire together, is only 10 078 h.p. 

The considerable use of electric winders, with their 
high individual load peaks, in the steam-coal area of 
South Wales is explainable, in part by the larger scale 
of operations and in part by the grouping or amalga- 
mation of collieries for power requirements and general 
administrative control. On the other hand, the avail- 
ability of electric power in bulk from a reliable outside 
source has undoubtedly contributed to the development 
of electric winding on the North-East Coast, included 
in Inspection Division No. 2, where 33400 h.p. of 
motors was scheduled for that service for the year under 
review. 

The much greater actual, as well as relative, use of 
electric power for coal-face machinery in Scotland is 
attributed to the thinness of the coal seams, which 
necessitated the use of labour-saving machinery, in 
conjunction with comparative freedom from fire-damp 
in dangerous quantity in that area. This latter point 
can be illustrated by reference to the number of safety 
lamps used in relation to the number of persons 
employed below ground. 

The average for Scotland is of the order of 1 safety 
lamp for 2-3 persons, while for the remainder of the 
country the figure is approximately 1 safety lamp per 
person. 

POWER SUPPLY. 

There is an increasing tendency, which is manifest in 
all the mining districts, towards centralized generation 
of electric power. Where finance, common ownership 
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and contiguity favour that course the power require- 
ments of several pits are being met by the establish- 
ment of a power station designed on the most modern 
lines and conveniently situated to serve the group. 
Small isolated generating plants are being shut down in 
favour of a bulk supply from an independent power 
company. 

While direct current maintains its position, especially 
in Scotland, where it has long been established, three- 


Price (pilot) and Merz-Hunter (split-conductor) pro- 


tection is used. Proposals for remote control (con- 


tactor with pilot) of coal-cutting machines are being 


canvassed actively and experience in service is being 


gained. 

The Williams-Rowley system of an electrical inter- 
lock between the gate-end circuit breaker and the coal- 
cutting machine via a pilot conductor in the trailing 
cable, to ensure continuity of the earthing circuit and 


TABLE 2, 


Regional Analysis of Relative Use of Electric Power in all Mines governed by the Coal Mines Act, fov the Year 1926. 


Percentage of Total H.P. of Motors installed in each Inspection Division for Various Purposes in that Division | 


Inspection Division No. .. ws .. 1 2 | 3 4 5 6 7 8 All 
Staffs, 
N.E. coast Lancashire West Warm 
== : Notts * | Monmouth : 
Pu Coalfield .. | Scotlang | Cumberland | Yorkshire | Derby ar Cheshire dE Glamorgan | Worcester, Great 
™ A ee PI A PU | Fret of | Britain 
, i merset 
and Kent 
Abave ground : % o Y of % Y Y % o 
Winding .. 3°34 9-16 2:82 4-97 8-36 | 19-42 2-96 4-02 8-18 
Ventilation 3:37 8-20 7-91 5-66 5:52 8-86 8-31 3-87 6-77 
Haulage .. kå 2-90 5-54 2:58 2-35 2:33 5-70 | 11-06 3:57 4-44 
Washers and screens 6-27 7:38 15-66 | 10-97 9-88 5:06 6-25 6-80 8-16 
Other purposes. . 7:07 19-11 | 31-66 | 23-49 | 21-74 | 23:27 18-27 17-92 | 19-86 
Total above ground .. 22-9 49-4 60-6 47:4 47:8 62:3 46:8 36° 2 47-41 
Below ground : 
Haulage ] E 21-97 | 22-32 | 19:97 | 26-6 24-18 | 18-32 | 23-33 | 26°48 | 22-02 
Pumping .. si “are 35:32 | 21-45 | 12-51 14-58 | 23-72 | 18:34 | 26-86 | 29-91 22-54 
Portable machinery and 
other purposes si 19-77 6-86 6-89 | 11-39 4-28 1-04 2-96 7:41 8-03 
Total below ground .. 77-1 50-6 39-4 52:6 52: 2 37:7 53-2 63-8 52-59 
Aggregate total 100-0 | 100-0 | 100-0 | 100-0 | 100-0 | 100-0 | 100-0 | 100-0 | 100-0 


* Stratified ironstone. 


phase current predominates and is practically universal | to prevent the withdrawal and handling of a live plug, 


for all new development. 


TECHNICAL PROGRESS. 


The increasing complexity and extent of colliery 
installations have contributed to stimulate interest in 
automatic protective systems. Where simple fuses 
were for long considered sufficient, circuit breakers are 
being introduced even at the gate-end, where the 
trailing cable for coal-face machinery originates. 

Leakage protection, to supplement overload pro- 
tection, is widely used upon three-phase installations, 
and time-lags, usually with an inverse time/current 
characteristic, are very generally employed with overload 
trip-coils. ! 

For transmission lines between: collieries both Merz- 


has been adopted extensively. 

Concurrently, modifications of the traditional design 
of cab-tyre-sheathed trailing cable are being introduced. 
In some of these the modification consists in the addition 
of an earthed conductor, in the form of a braid or multi- 
strand envelope, to surround the live conductors either 
as a whole or severally. 

Pliable armoured cables are also being used suc- 
cessfully as an alternative to unarmoured flexible 
cables, for use with semi-portable coal-face machinery, 
such as conveyors, that is for machinery which is not 
locomotive while at work and for which therefore a 
cable that is semi-flexible suffices. 

For shafts and for permanent roadways, the choice 
of dielectric, as between vulcanized bitumen and paper 
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with a lead sheath, appears to be largely a matter of 


custom or individual preference. The advantage of the 
higher loading that is possible with a paper dielectric is 
actually realized for high-pressure feeder cables, but is 
seldom applicable to medium-pressure cables, for which 
pressure-drop is usually the determining factor. For 
conditions necessitating frequent removal, and perhaps 
coilirg of cable from time to time, a dielectric consisting 
of compounds of rubber with bitumen is being tried as 
being better able than either a bitumen or a paper 
dielectric to withstand such conditions. A dielectric of 
this compound type is also being used as an alternative 
to vulcanized rubber for flexible trailing cables. 


CoAL-CuTTING MACHINES. 


In the 10 years from 1916 to 1926, electrically driven 
coal-cutting machines have increased in number from 
1 590 in the former year to 3114 at the end of 1926. 
In the same period compressed-air machines of com- 
parable type have increased in number from 780 to 
1313. It will be seen, therefore, that the ratio of 
increase is 1-96 for electricity and 1-68 for com- 
pressed air. Compressed air is, however, largely used 
in percussive drills on the North-East Coast and sub- 
stantially in Lancashire for coal-getting. 

In 1924, 18-3 per cent of the total output of mineral 
was got by machine mining, and of this moiety 60:2 per 
cent was due to electricity. 

For the year 1926, these figures become 21:3 per 
cent and 65-3 per cent respectively. For the year 
1926 the proportion of machine-cut mineral to the 
credit of electricity ranges from 96-9 per cent in 
Scotland to 15-8 per cent in the steam-coal area of 
South Wales, while the proportion of the total output 
of mineral which was got by machine mining likewise 
ranges from a maximum of 46-4 per cent in Scotland 
to a minimum of 2-4 per cent in the Swansea section 
of the Welsh coalfield. 

For the last normal year, viz. 1925, the actual figures 
of output are of interest, thus :— 


Million tons 
Machine-cut mineral got by electricity .. 30099 
Machine-cut mineral got by compressed air 18 357 
All machine-cut mineral .. T -. 48 456 
All hand-got mineral se jà .. 202 451 
Total output oe s4 .. 250 907 


SAFETY LAMPS. 


Electric safety lamps, which were used in negligible 
numbers before 1913, now represent more than one- 
third of all the safety lamps in use. 

Since 1920, while the number of flame safety lamps 
has steadily declined from some 640000 to 500 000, 
the number of electric safety lamps has increased from 
240 000 to 360000. The total number of lamps, it 
should be observed, has fallen, after reaching a peak 
value of 940 000 in 1924, owing to depression in trade, 
The normal electric lamp is designed for a 2-volt battery, 
but experiments are: being. carried: out with- 4-volt 
lamps with the objectiof increasing the light. 


STORAGE-BATTERY LOCOMOTIVES FOR HAULAGE. 


` The use of battery locomotives is making little or no 
progress. 

The rope appears likely to maintain its position for 
some time as the primary means for drawing mineral 
upon the main roads. In the vicinity of the coal face, 
such developments as are taking place in the methods 
of coal transport are tending towards the more extensive 
use of conveyors of the belt or the scraper type, while 
small (auxiliary) haulage engines are gradually displacing 
horse haulage and hand tramming, inbye. 


STANDARDIZATION. 


The attitude towards standardization is undergoing a 
slow but definite change in colliery practice. While 
some part of this change may be due to propaganda 


TABLE 3. 


Horse-Power of Electric Motors installed èn all Mines 
under the Metalliferous Mines Acts. 


Purpose 1914 1926 Increase 


Above ground : 


Winding sis 1 967 2113 146 
Ventilation .. 153 909 - 756 
Haulage T 505 798 293 


Pumping si 911 
Ore dressing .. 5 574 3 326 >10 403| 4829 
Other purposes 6 166 


Total above ground 8 199| 14223 6 024 


Below ground : 


Hoisting 617 

Haulage ; 285 { 947 } RS i 

Pumping sa 3 895 7 657 3 762 

Other purposes 800 1 003 203 
Total below ground 5675| 10 224 4 549 
Aggregate total .. 13 874| 24 447 10 573 


and is associated with the general movement in favour 
of standardization under the «gis of the British Engi- 
neering Standards Association, it has at any rate 
been made possible by progress in design that has 
reconciled the user to the adoption of standard equip- 
ment. 

There is another type of standardization that appeals 
to colliery engineers; this type envisages interchange- 
ability of similar items of the equipment, and definite 
progress in this direction has been made in some of the 
larger pits. The B.E.S.A. has recently standardized an 
interchangeable plug and socket for coal-cutting 
machines, and at some collieries interchangeable cable- 
dividing and junction boxes have been adopted. 
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METALLIFEROUS MINES. 


The use of electricity in metalliferous mines, while 
relatively insignificant, is locally important. The 
principal users are the tin mines of Cornwall, the 
slate mines of North Wales and the iron-ore mines of 
Cumberland.* 

Table 3 compares for the year 1914, when the 
information was first procured, and for 1926, the total 
horse-power of electric motors installed for various 
purposes in Great Britain. 

Water power has long been utilized in the slate- 


ratified ironstone mines in Cleveland (North Riding, Yorkshire) are 
included in Tables 1 and 2, 
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mining district of North Wales and, whilst the available 
supplies are undergoing development in that area, some 
of the mines, depending upon small local reservoirs, 
have installed internal-combustion engines, either as a _ 
stand-by against periods of drought or to meet their 
growing needs. 

Both storage-battery locomotives and trolley loco- 
motives are used in metalliferous mines to a small 
extent for the transport of mineral. 

Direct current is common, especially in the older 
installations, but three-phase current is naturally 
adopted for new installations whether the power is 
generated locally or purchased in bulk. 


CO-OPERATIVE RESEARCH IN 1927.* 
By E. B. WepMore, Member. 


CO-OPERATIVE RESEARCH ABROAD. 


History does not publish itself. The facts have to be 
sought for, and it is too early yet to get ready access to 
the history of co-operative research abroad during the 
year now closing. A few straws may show, however, 
which way the wind is blowing. There are several 
indications that we are not alone in discovering that 
technical progress is held up mainly by lack of knowledge, 
a lack which can only be removed by research. Where- 
ever there is co-operative effort towards a common 
technical end, it is soon found that those co-operating 
reach a point beyond which they cannot proceed without 
further information of a kind not yet available. Pioneers 
expect to find progress and problems side by side. 

In this country co-operative bodies like the Institu- 
tion of Electrical Engineers, the British Engineering 
Standards Association and the British Committee of the 
International Electrotechnical Commission have the 
Electrical Research Association to turn to when a new 
problem presents itself, but where there is no such 
organization available the need is felt, nevertheless, and 
has to be met in various ways, more or less efficient. 


For example, the American Society for Testing Materials 


has found reliance on the opinions of the experts on its 
Corhmittees to be insufficient when new problems have 
to be faced, and has recently begun to organize co- 
operative research to solve its riddles. Again, one 
finds the International Electrotechnical Commission held 
up for the same reason and almost compelled to follow 
a similar course if progress is not to be delayed. 
Researches planned at the Hague Conference were 
brought to a common centre in the person of Dr. A. C. 
Michie (representing _ the Electrical Research Associa- 


a A review of. rogress. Reprints in pamphlet, form p ice 2s. ed. each, can 
be obtained ftom thie Secretary of the ia pamphlet Adi 


tion) at the Conference in New York, and at the 
Bellagio Conference in 1927 not only was this work 
extended but it became evident that the organization 
of the International Electrotechnical Commission could 
be used to advantage in the pursuit of several other 
technical problems, notably in the study of the cali- 
bration of the sphere gap for high-voltage measurement, 
in the study of the rupturing capacity of oil circuit- 
breakers, in the measurement of wave-form distortion 
and in the study of methods of measuring the electric 
strength of insulating oils. 


CO-OPERATIYE RESEARCH AT HOME. 


Expenditure on co-operative research.—The Electrical 
Research Association has completed its seventh year, 
being now under its second five-years’ agreement with the 
Department of Scientific and Industrial Research. That 
agreement was based on a scale of operations with 
a minimum income and expenditure of £16000 per 
annum. In the year now completed the outgoings have 
reached nearly £25 000, notwithstanding a rigid curtail- 
ment of programmes at the beginning of the period. 
This rate of expenditure materially exceeds the assured 
income, and whilst the Association is expecting to 
complete an agreement with the Department for ex- 
tending the agreed scale of operations to £24 000, 
with a corresponding increase in the Government con- 
tribution (now, however, on a diminishing scale), it will 
not be possible even to maintain this scale in three 
years’ time unless by then new income has been secured 
to the extent of, say, a further £9 000 per annum. 

Nevertheless, the expenditure on co-operative research 
in this country has increased tenfold in less than ten years, 
and -when the importance of work outstanding is fully 
appreciated by those who control. the sources of financial 
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supply we may reasonably anticipate that the money 
will be forthcoming. 

It has been found necessary this year to curtail, or 
postpone indefinitely, work on wind pressure on towers 
and overhead lines at a time when very large sums of 
money are about to be spent on extensions of overhead 
line transmission in this country, and work on the mea- 
surement of dielectric losses in electric cables at a time 
when manufacturers are wrestling with the problem of 
making reliable and economical extra-high-voltage cable. 

Some light is thrown upon the importance of the 
study of dielectrics by the fact that insulation failures 
are calculated to cost the industry over a million pounds 
per annum. 

The Electrical Research Association has estimated 
that it could spend £20 000 per annum to advantage in 
fundamental research on dielectries, but it is, as yet, 
only able to find about 10 per cent of thatsum. On 
the serious study of magnetic materials, the other great 
mainstay of the industry, the E.R.A. is spending only a 
few hundred pounds per annum, although we have been 
reminded by Sir Frank Heath, the late Secretary of the 
Department of Scientific and Industrial Research, that 
knowledge is a wasting asset. 

One is, of course, aware that very large sums are being 
spent on research by individual firms, and aware also of 
the brilliant work of British investigators in the field of 
physics, yet the fact remains that in a rapidly growing 
industry already capitalized to the extent of hundreds 
of millions, fundamental research on dielectrics and 
magnetic materials, on the use of which the whole 
industry is built up, is financed by a drop out of the 
bucket. 

Work done.—The last report,* being the first of this 
series of annual reviews, was mainly historical. On 
this occasion the report will deal mainly with results 
of a year’s work. Now most of the work carried out 
in 1927 has not yet reached the report stage, and it 
cannot therefore be reviewed without a certain amount 
of anticipation. For example, most interesting work 
has been done on circuit-breaking, which it is hoped 
will form the subject of a paper to be submitted to 
the Institution. The convenience of the reader will 
probably be met if this review in each year deals in the 
main with researches which have reached the report 
stage during the year either for publication or for 
members’ use.t 

Dielectrics in geneval.—The Electrical Research Asso- 
ciation has in preparation by Mr. S. Whitehead a series 
of critical résumés of information and theories on the 
nature of dielectrics, with particular reference to failure 
of insulating properties. The first of the series, dealing 
with discharges in gases (Ref. L/T22), has been published. 
A volume dealing with liquids is in the press, and a third, 
the most important, dealing with solids is in an advanced 
stage of preparation. 

Arising out of this study the Association is preparing 
programmes of fundamental research. During the year 
further progress has been made by Mr. L. Hartshorn at 
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the National Physical Laboratory in the study of 
Schweidler’s laws of dielectric loss and dielectric absorp- 
tion under conditions of varying humidity and tempera- 
ture. 

The Schering bridge is now recognized as the method 
of widest application for dielectric-loss measurement, 
and a report has been prepared showing the merits of 
various arrangements for particular uses. 

It is known that there are losses at the surface of 
contact between metal parts and insulators, even where 
the contact is such as can be obtained by the use of 
mercury, graphite and other materials giving intimate 
contact. This phenomenon is being studied in co- 
operation with the Metropolitan-Vickers Electrical 
Co., Ltd., under d.c. and a.c. conditions, and a valuable 
report has been received from the investigators. 

The theory of pyro-electric breakdown has received 
considerable attention in relation to thermal instability, 
it being recognized that probably the majority of break- 
downs of high-voltage insulation of machinery and 
apparatus are due to cumulative heating arising from 
dielectric losses rather than from inability to withstand 
even considerable excess. voltage stresses at the normal 
working temperature. This matter is explained in an 
elementary way in a report (Ref. L/T26) about to be 
issued. 

Very little appears to be known of the phenomenon 
described as “ corona ” in oil, although it is of consider- 
able importance in high-voltage design. With the 
assistance of Prof. C. L. Fortescue a preliminary in- 
vestigation has been carried out by Mr. R. W. Plumbly 
at the City and Guilds (Engineering) College. A report 
has been issued (Ref. L/T20) embodying the observations 
made, although the results are not yet conclusive as 
further work is held up for lack of funds. 

The study of the sphere gap as a device for measuring 
high voltages with a view to its more accurate calibra- 
tion has led to an exhaustive examination of available 
standards of high voltage. The International Electro- 
technical Commission having accepted tentatively the 
20-mm sphere-gap calibration put forward by the 
Association, and having endorsed recommendations for 
further research, steps are being taken for further 
experimental and theoretical work. The advantages 
to be gained from the development of a comprehensive 
theory scarcely need stressing ; not the least of these is 
that observations at every voltage and on every size 
of sphere can be made to contribute data for the correc- 
tion of observations at every other voltage and on every 
other size, thus greatly assisting the reduction of errors 
of observation. 

There are but little published data on the thermal 
resistivity of dielectrics. The subject is important not 
only in the calculation of temperature-rises under 
working conditions, but more especially having regard 
to the part played by thermal instability in the break- 
down of high-voltage insulation. A number of obser- 
vations of thermal resistivity have been made under 
typical working conditions, and a report (Ref. L/T25) 
will be issued shortly. 

The Association has translated a number of recent 
publications. on dielectric research carried out abroad, 


_ and has issued abridged reports to members. 
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In the field of radio engineering, progress has been so 
rapid that.the practical man has sometimes had to rely 
on methods of measurement of the crudest nature. 
Refinements are now overdue. The Electrical Research 
Association has established a strong committee, but 
progress is sadly delayed for lack of funds. 

A report (Ref. L/T15) has been issued dealing with 
the use and limitations of the various forms of cathode- 
tay oscillograph, for the guidance of investigators 
requiring such apparatus. Various suggestions are 
- made for further research. 

In the effort to improve the properties of various kinds 
of insulation, the investigator is constantly faced with 
the commercial question: Will the improvement pay 
for itself? This question has been studied in general 
terms and a report issued (Ref. L/T28) shows that it 
may pay the purchaser to face a 150 per cent increase 
in price to obtain only 50 per cent increase in insulating 
properties, owing to large collateral savings in copper, 
iron and labour where the thickness of insulation can 
be reduced. | 

Fibrous insulating materials, varnishes and com- 
pounds.—Work in this field has been directed to the 
improvement of materials in manufacture, and to the 
preparation of specifications for their purchase. Both 
objects are dependent on the development of improved 
methods of measurement of the properties of practical 
importance. Specifications have been prepared giving 
appropriate methods of testing Pure Lac for Electrical 
Insulating Purposes (Ref. A/S16), Synthetic Resin 
Varnish-Paper Boards and Tubes (Ref. A/S17), and 
certain classes of Filling Compounds (Ref. A/S18). 
The industry has hitherto been without any adequate 
and authoritative specifications for filling compounds, 
the problem of preparing such having proved beyond 
the capacity of the individual buyers and sellers. 
Specifications for pressboard and vulcanized fibre have 
been issued in previous years. A report (Ref. A/T29) 
has now been issued of the numerous researches made on 
vulcanized fibre, which led up to the issue of the British 
Standard Specification. 

Researches for the improvement of insulating 
materials are mainly directed to raising the safe working 
temperature and to securing longer life under working 
conditions. This work is in the confidential stage. 

In the past the fabrics, as, for example, cotton cloth 
and papers, used as a basis for supporting insulating 
varnishes and compounds have been made for other 
commercial purposes, but selected as the least unsuit- 
able for the uses of the electrical engineer. The selling 
agent has generally suppressed or been ignorant of 
details of manufacture of the raw material. Such 
materials have been studied by the Electrical Research 
Association for a number of years, and probably the 
main features of importance have now been established. 
The way is open for improvements in the selection of 
materials and the details of the technique of manufacture. 
Experimental materials have been developed having 
superior properties, and specifications are being drafted 
for purchasing purposes. Asbestos yarn and paper have 
received special attention during the year. A compre- 


hensive report is also in preparation on the use of. 


natural and artificial silk in insulation. 


Further progress has been made in the study of 
varnishes, both natural and synthetic, in relation to 
working conditions. Preliminary work has been done 
on waterproofing properties, 

In the study of insulation and especially of phenomena 
of ageing, it is important to measure minute quantities 
of alkalinity and acidity. The most approved methods 
are based on the estimation of hydrogen ion concen- 
tration or pH values. A report (Ref. A/T30) by Dr. 
J. J. Fox, on their meaning and use, has been issued. 

Hard composite dielectrics.—Several years ago the 
Electrical Research Association issued a report on 
methods of study applicable to hard composite dielectrics 
and this has been largely used. A demand has now 
arisen for purchasing specifications for a variety of such 
materials, and on the request of the British Engineering 
Standards Association the Electrical Research Associa- 
tion has reopened the subject. Attention is being 
given to work done abroad in the interim, and to certain 
possibilitics of improving impact and bending tests by 
the use of less empirical methods. An investigation is 
also being made to discover the most promising lines for 
the development of materials having certain properties 
desired by the Government Services. 

Porcelain and the like.—Experiments are in hand 
directed to the discovery of surfaces able to resist 
deterioration by exposure, and especially by the deposit 
of impurities. 

Mica and micantte.—The Electrical Research Asso- 
ciation has now nearly completed a comprehensive 
specification for the study and selection of micanite in 
its various forms. 

Insulating otls.—In co-operation with the British 
Engineering Standards Association and the International 
Electrotechnical Commission, the Association is studying 
the various methods of gauging the ageing characteristic 
of insulating oils, with a view, for example, to the 
improvement and simplification of sludge tests. Dr. 
A. C. Michie, representing the Electrical Research 
Association, is exercising a general supervision on behalf 
of the International Electrotechnical Commission over 
the researches in progress in several countries. At the 
recent I.E.C. Conference steps were taken to secure more 
reliable correlation between the results obtained under 
laboratory tests and under working conditions. 

The International Electrotechnical Commission agreed 
to recommend certain methods of sampling for universal 
use and is giving closer study to the measurement of 
electric strength. This is a subject to which the 
Electrical Research Association has devoted a large 
amount of labour, and an E.R.A. representative has 
been appointed secretary to the I.E.C. Advisory Com- 
mittee. 

The British Engineering Standards Association has 
been enabled to revise and strengthen its Standard 
Specification for Insulating Oils, incorporating the 
methods of tests set out in E.R.A. report (Ref. E/S2). 

It having been discovered that the addition of minute 
quantities of certain phenolic bodies to oils prevented 
or greatly hindered oxidation, the practical issues were 
made the subject of research, and the observations made 
have been embodied in a report (Ref. E/T85). 


.Heating of cables.—In the reports issued by the : 
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Electrical Research Association in past years, it was 
shown that in practice there was considerable discre- 
pancy between temperature-rises observed and tempera- 
ture-rises calculated on the basis of the best available 
methods of calculating the thermal resistance of the 
soil. A correction factor was used to cover the discre- 
pancy and was found to meet the case within the limits 
of the range of experimental tests made. There was, 
however, no theoretical explanation available to account 
for the large correction factor, or even for its sign. 
This problem: is being looked into, as in certain cases it 
is necessary to bury cables at a great depth and under 
other conditions lying outside the range of previous 
empirical work. An addition to theory has been made 
in a report by Mr. S. Whitehead (Ref. L/T27), being a 
contribution to the evaluation of the flow of heat in 
isotropic media. Experimental work on a large scale 
is being planned, and methods of testing thermal 
resistivity of the soil in situ are also being investigated. 

Where a number of cables are laid in ducts there is 
likely to be considerable mutual heating. In one case 
in practice an empty duct has been found to have an 
initial temperature of 35° C. derived from surrounding 
cables. Methods of estimating the thermal resistivity 
of the duct walls have been outlined, but the problem 
of estimating the thermal resistivity between the indi- 
vidual cables and the duct wall surfaces is not so simple 
and has not yet been solved. 

In the case of cables in racks exposed to the sun, 
experimental work has shown how reliable estimates 
might be made, but for lack of summer weather it has 
been impossible this year to obtain the necessary 
constants. 

In the development and use of cables at voltages above 
11 000, dielectric losses become a controlling feature. 
_ Their study presents considerable technical difficulties. 
Good progress has been made by Dr. E. H. Rayner at 
the National Physical Laboratory, as shown by the 
issue of reports Ref. F/T18 on single-phase methods of 
measurement of dielectric losses in cables and Ref. F/T19 
on the electrical characteristics of a water resistor for 
measurements on high-voltage circuits, showing how 
errors due to capacitance and inductance can be con- 
trolled by suitable design and adjustments. Further 
research is in hand covering application to three-phase 
measurements. 

Confidential work is being carried out for manufac- 
turers, for example on the relative merits of different 
types of armouring. 

Overhead lines and poles.—An important research 
which has been in hand for several years, bearing on the 
design of foundations for poles and towers, has now been 
completed. Methods have been devised for measuring 
the actual pressure on different parts of the foundations 
of scale-model poles erected both in sand and in clay, 
and for testing the properties of a given soil. Further 
experimental work on full-size poles will no doubt be 
required later. 

Programmes of work on wind pressure are held up for 
lack of funds. 

Oil circuit-breakers.—The researches at Carville power 
Station have led to the preliminary development of new 
and promising types of circuit breakers showing marked 


improvement from the standpoints of reliability, energy 
released, and wear and tear. It is expected that a full 
report will be presented to the Institution in due 
course. Applications for patents have been made. 
During last session a paper was presented to the Institu- 
tion on the number of tests required to establish the 
rupturing capacity of an oil circuit-breaker.* A résumé 
presented to the International Electrotechnical Com- 
mission at Bellagio attracted considerable attention 
and that body has now established an Advisory Com- 
mittee to study the rating of oil circuit-breakers. 

- Mining apparatus.—In co-operation with the Safety 
in Mines Research Board further work has been done 
on the design of flameproof apparatus, and a confidential] 
report, Ref. G/T24, has been issued to manufacturers, 
on the design of flameproof connections of the plug 
and socket type. A report (Ref. G/T25) has also been 
issued on the use of ring relief devices in flameproof 
enclosures. i 

Fusible cut-outs. Extensive tests have been made 
at Stonebridge Park on the performance of British 
Standard Ordinary-Duty Fusible Cut-Outs. As a 
result, recommendations have been issued to manu- 
facturers on methods of rating (Ref. G/T30) and 
incidentally on the characteristics of a large traction 
battery on short-circuit (Ref. G/T29). In workshop 
practice, persons re-wiring fusible cut-outs are frequently 
influenced more by a desire to prevent the fuse giving 
further trouble than by nice considerations of what is 
best for the circuit. Even if the manufacturers’ 
instruction are followed, large discrepancies are generally 
found between promise and performance. The experi- 
mental work done should go far at least to remedy the 
latter defect, and affords a basis for the design of more 
reliable cut-outs and for the improvement of the British 
Standard Specification. 

Joints in busbars and the like.—Preparatory to 
carrying out further research a survey was made, from 
the standpoint of temperature-rise, with some regard 
to deterioration and methods of maintenance, of joints 
which had been in service for a number of years in 
existing installations. The results are embodied in a 
report (Ref. G/T21) based on the work by Mr. S. W. 
Melsom carried out through the National Physical 
Laboratory. Further work is deferred for lack of funds. 

Clearances in switchgeay—On the request of the 
British Engineering Standards Association, the Electrical 
Research Association has made certain investigations 
to throw light on the performance of electric control 
apparatus of recent design under service conditions, 
several cases having been reported of phenomenal 
flash-overs. The issue of a report (Ref. G/T20) of 
evidence bearing on clearances employed in high- 
tension switchgear, with additional information on 
clearances specified by various authorities, has enabled 
the British Engineering Standards Association to obtain 
agreement on figures appropriate for a British Standard 
Specification. A further report (Ref. G/T22) on the 
deterioration of the electric strength of the atmosphere 
in switch cubicles and the like has shown that the 
probable effects of deterioration by ionization, smoke 


fumes, etc., have been overestimated in the past. 
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Steam condensers.—The conditions to be met by a 
modern steam condenser are becoming increasingly 
severe, and, to meet the requirements with certainty 
and without excessive factors of safety, research was 
necessary to establish heat-transmission coefficients for 
modern conditions. This was organized under Prof. G. 
Stoney, and, following a critical study of available data 
and mathematical methods, Messrs. A. Eagle and 
R. M. Ferguson have completed a report (Ref. H/XT1) 
giving experimental determinations applying to standard 
2 in. tubes. Research is being continued on other sizes 
with the co-operation of Prof. Dempster Smith. 

The Electrical Research Association continues to co- 
operate with the Institute of Metals in researches on cor- 
rosion carried out under Prof. H. C. H. Carpenter, F.R.S. 

Steam turbines.—To provide reliable data for the 
designer of steam turbines under the high pressures 
and temperatures now in use and in contemplation, 
it has been necessary to devise novel experimental 
methods of determining the properties of steam. This 
work has been carried out by Prof. H. L. Callendar in 
co-operation with the Electrical Research Association, 
and revised tables have already been published covering 
part of the range. Some account of this work was given 
in a lecture before the Society of Arts by Prof. Callendar 
(Ref. J/T34) and the Electrical Research Association 
has also issued a report (Ref. J/T32) on the direct 
measurement of the total heat of steam up to 1 000 1b. 
per sq. in. Apparatus has been devised and tested for 
much higher pressures. The results are urgently 
required for both technical and commercial purposes, 
as shown by the recent discussions at the I.E.C. meeting 
at Bellagio. 

Those profitable researches on steam nozzles by Prof. 
G. Stoney in which the Electrical Research Association 
has been co-operating with the Institution of Mechanical 
Engineers, are now being continued under Prof. Telford 
Petrie, and a fourth report (Ref. J/T33) has been fur- 
nished to interested manufacturers. 

A confidential report has also been issued to manu- 
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facturers on certain experimental observations by Prof. 
Callendar on temperature and pressure distribution in 
the various stages of steam turbines. 

The Electrical Research Association continues to | 
co-operate with the Department of Scientific and 
Industrial Research and the British Non-Ferrous Metals 
Research Association in researches on the creep of metals 
at high temperatures, a subject of considerable import- 
ance to the turbine designer. 

Telephone interference.—The Electrical Research Asso- 
ciation is now preparing for issue a comprehensive report 
on available data on telephone interference arising from 
power distribution systems, and allied phenomena. 
Researches are in progress on methods of measuring 
wave-form distortion. 

Magnetic materials—There is an almost unlimited 
field for researches on magnetic phenomena. At 
present, co-operative research is confined to a few out- 
standing features of considerable practical importance 
and is in the confidential stage. Certain questions of 
heat treatment and effect of stress are under investiga- 
tion in co-operation with Prof. C. H. Desch and the 
National Physical Laboratory. 

Unclassified vesearches.—Co-operative researches are 
in hand on the improvement of instrument springs and 
on methods of testing primary batteries. The Electrical 
Research Association is co-operating with the British 
Non-Ferrous Metals Research Association and others in 
researches on die castings, and with the National 
Physical Laboratory in researches on industrial applica- 
tions of X-ray analysis. A report (Ref. XZ/T2) has 
been published describing a camera designed by the 
Electrical Research Association to operate at 1000 
exposures per second in ordinary sunlight and employed 
to photograph the electric arc under oil by its own light. 
The use of this apparatus has brought to light inter- 
esting phenomena bearing on the design of oil circuit- 
breakers. A report (Ref. Z/T22) has also been published 
on the production of flicker in electric lamps by cyclic 
irregularity in the voltage. 
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ELECTRICAL STANDARDIZATION, 1927.* 
By P. Goop, Member. 


PREFACE. 


In the two previous reviews on the progress of 
electrical standardization j the subject was considered 
from the historical standpoint, as regards this country 
and some of the principal foreign countries. In this 
third review an historical summary of the work in the 
principal remaining countries has been included. 

The preparation of standard specifications for elec- 
trical apparatus and machinery is now in active progress 
in Australia, Austria, Belgium, Canada, Czechoslovakia, 
France, Germany, Holland, Italy, Japan, Norway, 
Poland, Rumania, Russia, Sweden, Switzerland and 
the United States of America, and it is hoped that 
arrangements will be made for keeping the industry of 
this country fully informed in regard to any important 
features in the specifications issued in those countries. 

This review covers the period from the lst January 
to the 3lst October, 1927. 


GENERAL REMARKS. 


At one time, commerce was carried on without means 
being available for accurate comparison of values; 
then standards of weights and measures were intro- 
duced, in a rude form at first, but resulting in this 
country in that most comprehensive and valuable 
system known as the British System of Weights and 
Measures. The establishment of such standards brings 
into all commercial transactions a degree of plain dealing 
which is indispensable to progress in industrial affairs, 
and, with the introduction into everyday use of complex 
electrical apparatus, the necessity for having standard 
specifications which are in effect standard ‘‘ weights and 
measures’’ for such articles is becoming generally 
recognized in all civilized countries. 

In spite of the fact that the first effect of the intro- 
duction of standard specifications bears heavily on some 
of those engaged in the work, it is hardly open to question 
that the additional equity which is introduced into the 
purchase of engineering appliances as a result of the 
preparation of agreed definitions and standard specifi- 
cations assists in the development of an improved 
civilization, and therefore that the work of preparing 
such standards is of great benefit to the community 
as a whole. For no lesser reason would the great body 
of British electrical engineers give freely of their time 
and intelligence to this work. No effort which is only 
of direct and immediate monetary advantage to the 
individual would have been likely to command such 
ungrudging service or to produce such results as have 
been accomplished during the past few years by the 
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members of the committees of the British Engineering 
Standards Association. 

At the same time, however, it is the more directly 
utilitarian aspects of these efforts which impress us 
most readily. The saving of time and money which 
results from the general adoption of standard specifi- 
cations is an advantage not to be overlooked, more 
especially in view of the tremendous increase in the 
use of electrical engineering appliances which is taking 
place at the present time. 

To take a case in point, could any busy electrical 
engineer to-day afford the time to keep himself suff- 
ciently up-to-date in regard to technical and scientific 
progress to re-write frequently a specification to explain 
what he considered to be a satisfactory motor, lamp, 
wall plug, switch, distribution board, etc., for use in 
connection with an undertaking for which he was 
assuming the responsibility ? 1t might even be asked if 
it is possible for any but the largest firms to have 
available the technical ability to do so. Such articles 
cannot be satisfactorily specified without very con- 
siderable detail, and experience to-day shows that an 
advising engineer generally prefers to depend upon an 
agreed standard specification, to which reference can 
be made by a simple number, with the knowledge not 
only that he is making use of the collective wisdom of a 
large number of competent specialists, but that there 
will be no difficulty in securing a proper article at a 
reasonable cost to his client, and that the contractors 
who tender are all quoting on an equitable basis. 

The advantages of having specifications for quality 
prepared by agreement between purchaser and maker 
hardly needs further emphasis, as unless such national 
standard specifications are available, trade organizations 
are forced by competition to secure agreement among 
their members in regard to standards of quality. Such 
agreements, being of a private character, have as one 
of their drawbacks the possibility of being changed 
without the knowledge of the purchaser. 

Standardization of the character being carried out 
by the electrical committees of the B.E.S.A. probably 
results in more economy in the total than mere reduction 
in sizes, or ‘‘ simplification ” as it is called in America. 
Simplification has its uses and cannot be ignored, but a 
review of the work accomplished shows that, in the 
opinion of those concerned, it is more useful to establish 
a standard that provides an accurate basis for the 
comparison of goods from different makers. 

Some objection, however, is still taken to the electrical 
standardization work of the B.E.S.A. on the ground 
that it tends to drift into the preparation of purchasing 
specifications. It is undoubtedly true that the term 


_“ purchasing specification ” possibly describes the whole 
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range of the British Standard Specifications, but unless 
very carefully defined it is in reality not a correct 
description. 

From the earliest days, British Standard Specifications 
have included not only essential dimensions but also 
a description of the nature and use of the material, as 
well as certain technical and semi-technical clauses of a 
contractual nature. 

These Specifications represent, from the purchasing 
point of view, part of what might be called the ‘‘ modern 
office equipment ” of the engineer, and whilst in no case 
do they form a complete contract, they are intended 
to be of such a-character as to save the time of the 


engineer or purchaser, relieving him of much detailed ' 


work and expense. For over 20 years the following 
note, drafted originally by Sir John Wolfe Barry and 
slightly amended by King’s Counsel, has appeared in 
all the British Standard Specifications :— 


This Association desires to call attention to the fact 
that this Specification is intended to include the 
technical provisions necessary for the supply of the 
articles or material herein referred to, but does not 
purport to comprise all the necessary provisions of 
a contract. 


An interesting summary of the purpose of standard- 
ization appears in the United States Standards Year 
Book for 1927, which is really a repetition of what has 
appeared in previous reports, but stated in a different 
manner. As variations in the method of expression 
frequently accomplish a useful purpose, this statement 
is reproduced herewith :— 

“ (1) To aid accuracy in industry through uniform 
and correct measures ; 

To assist commerce in size standardization of con- 
tainers and products ; 

To promote justice in daily trade through systematic 
inspection and regulation ; 

To facilitate precision in science and technologic 


research through calibration of units, measures, and 


instruments involved. 

“ (2) To serve as an exact basis for scientific study, 
experiment, computation and design ; 

To furnish an efficient control for industrial processes 
in securing reproducible and uniformly high quality in 
output ; 

To secure uniformity of practice in graduating 
measuring instruments, or in compiling tables for 
standards of quality and performance, and wherever 
such uniformity is desirable; and 

To aid laboratory research by reducing errors and 
uncertainty caused by use of data of doubtful accuracy. 

“ (3) To secure high utility in the products of industry 
by setting an attainable standard of quality ; 

To furnish a scientific basis for fair dealing to avoid 
disputes or settle differences ; 

To promote truthful branding and advertising by 
suitable standards and methods of test; and 

To promote precision and avoid waste in science and 
industry by affording quality standards by which 
materials may be made, sold, and tested. 

“ (4) To clarify the understanding between maker, 


seller, buyer and user as to operative efficiency of 
appliances and machines ; 

To make exact knowledge the basis of the buyer’s 
choice; and 

To stimulate and measure mechanical progress. 

“ (5) To furnish for each utility a single impersonal 
standard of practice as a basis for agreement of all 
interests, clearly defined in measurable terms ; 

To ensure effective design and installation of utilities 
of all kinds ; l 

To promote safety, efficiency and convenience in the 
maintenance and operation of such utilities ; and l 

To secure uniformity of practice where such is practic- 
able, and effective alternates in other cases.” 


PROGRESS. 


Great Britain.—Reference was made in the last 
report to the support given to industrial standardization 
by all branches of the electrical industry in this country, 
and it is gratifying to be able to state that the value of 
the work done by the 85 electrical committees of the 
B.E.S.A. is being more widely recognized every year. 
Following the lead of the Institution, who have doubled 
their contribution towards the cost of the work, the 
British Electrical and Allied Manufacturers’ Association 
have also very substantially increased their contribution, 
an example which might well be followed by others. 

A chart of the electrical committees will be found on 
page 134. 

The following electrical Specifications have been 
completed between the Ist January and the Ist October 
this year :— i 


No. 8—1927. Tubular Tramway Poles. 

No. 52—1927. Ordinary-size Bayonet Lampholders. 

No. 81—1927. Instrument Transformers. 

No. 90—1927. Graphic (Recording or Chart-recording) 
Ammeters, Voltmeters and Wattmeters. 

No. 134—1927. Iron or Steel Tubular Poles for Tele- 
graph and Telephone Purposes. 

No. 142—1927. Electrical Protective Relays. 

No. 148—1927. Insulating Oils for Electrical Purposes. 

No. 161—1925 (with additional schedules added in 
1927). Tungsten Filament Electric Lamps. 

No. 171—1927. Electrical Performance of Transformers 


for Power and Lighting. 
No. 172—1927. Electrical Performance of Rotary Con- 
vertors. 


No. 174-181—1927. Overhead Line Wire Material (Non- 
Ferrous) for Telegraph and Telephone Purposes. 

No. 182-184—1927. Galvanized Iron and Steel Wire 
for Telegraph and Telephone Purposes. 


No. 196—1927. Reversible Protected-type Two-pin 
Plugs and Sockets. 

No. 235—1927. Gear Wheels and Pinions for Electric 
Tramways. 

No. 246—1927. Face-plate Startors for Electric Motors. 

No. 247—1927. Face-plate Rotor Startors for Electric 
Motors. 

No. 269—1927. Methods of Declaring Efficiency. 

No. 279—1927. Flameproof-type Plug and Socket, 
Heavy-duty. 


No. 307—1927. Street Lighting. 
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The following observations are made on some parts 
of the work :— 

Prime movers.—One of the most important subjects 
under discussion in the B.E.S.A. electrical committees 
this year has been that of prime movers, and it may be 
of interest to recall that the preparation of a specification 
for prime movers was inaugurated in 1903, and a British 
Standard Specification was first issued in 1909 as Report 
No. 42 on Reciprocating Steam Engines for Electrical 
Purposes, This specification defined the full load in 
terms of the generator output, established a series of 
standard steam and exhaust pressures, standard speeds, 
limits of governing of cyclic variation, and maximum 
load without mechanical trouble; it also gave a list of 
the particulars to be supplied by the purchaser, and 
particulars to be supplied by the manufacturer. This 
specification was revised and somewhat extended in 1925. 

The specifications for prime movers were formerly 
confined to prime movers for electric generating plant, 
but this year the scope has been widened, and the revision 
of this specification is entitled ‘‘ British Standard 
Specification for Steam Turbines.”’ 

The Prime Movers Sub-Committee, almost from its 
inception, has kept in close contact with the very 
valuable work carried out under the ægis of the Institu- 
tion of Civil Engineers. The late Captain Riall Sankey 


was Chairman of both the Institution and the B.E.S.A. 


Committees. In the course of the revision of the Steam 
Engine Specification and the preparation of the Internal 
Combustion Engine Specification, the Committee has 
been kept fully informed, through members who are 
common to both: Committees, as to the progress of the 
work of the Heat-Engine Trials Committee, which was 
set up in 1922 by the Institution of Civil Engineers to 
revise the recommendations of their former committee. 

The acceptance of the British proposals as a basis for 
the international specifications for steam turbines is a 
proof of international recognition that those in this 
country responsible for carrying out the work have 
correctly realized the way in which it should be developed. 

In view of the comparatively small market for such 
plant in Great Britain, the B.E.S.A. has not prepared 
a national specification for hydraulic turbines, but in 
response to its request the International Electrotech- 
nical Commission is developing a commercial specifica- 
tion for hydraulic turbines. The draft prepared by the 
B.E.S.A. Committee for submission to the Commission, 
which was based largely on the work of the joint 
committee of the Institutions of Mechanical and Civil 
Engineers, has been used as a basis for the international 
discussions. 

Standard speeds for electric motors.—The question of 


standard speeds for electric motors has been under. 


consideration since 1903, but so far without success, 
In this connection it is interesting to find that the 
National Electric Manufacturers’ Association of America 
has asked the American Engineering Standards Com- 
mittee to take up this question, and in making their 
request they said:—‘‘ Under present conditions the 
curve of the speeds of driven machinery is practically 
a random distribution without any logical ordering of 
the values used. As a result of this, the size of pulleys, 
gears, sprockets, etc., which manufacturers have to 


produce, and which manufacturers, jobbers, dealers and 
users must keep in stock, have been multiplied almost 
endlessly. Whilst the need for simplification of driving 
and -driven connection has been apparent for years, 
particularly to producers of electric motors, steam 
engines, etc., nothing has been accomplished because 
without co-ordination and standardization of the speeds 
of driven and driving machinery considered together, 
no satisfactory ‘solution can be obtained.” It is the 
view of the American electrical manufacturers that the 
proposed standardization, which should result in a 
relatively small number of co-ordinated speeds for the 
almost innumerable kinds of machinery, would afford 
an easy approach to the problem of the standardization 
of pulleys, gears, sprockets, etc., and would permit much 
greater flexibility in the selection and use of both power 
units and driven machinery, greatly promoting inter- 
changeability of such units, and providing economies for 
innumerable industries dependent upon such equipment. 

This sort of thing has been said in this country a good 
many times without result. The Government Inter- 
departmental Electrical Committee has, however, set a 
very good example by including in its specifications for 
d.c. motors a recommendation of standard speeds, etc., 
which it is hoped will lead the industry in the right 
direction. 

Lampholders and caps.—The work on the standard- 
ization of lampholders and caps in this country, which 
has been under consideration for a number of years, 
has at last reached a satisfactory conclusion, the Report 
on the Bayonet Cap Lampholder having been issued 
this year. A complete set of dimensions for all the 
screw caps (miniature Edison screw, small Edison 
screw, Edison screw and goliath Edison screw) has been 
submitted to the International Electrotechnical Com- 
mission, where this question is under discussion. If no 
agreement can be reached internationally in the very 
near future, the B.E.S.A. Committee, owing to the 
urgent need of having some standards to work to, will 
adopt their own proposed dimensions as British 
Standards. 

Steel poles for telegraph and telephone purposes.—This 
specification has been prepared on a somewhat unusual 
basis. Not only are the requirements as to the length 
and permissible loading for the finished article specified, 
but the quality of the material to be used and the actual 
dimensions necessary to secure compliance with the 
stated mechanical requirements are given. 

Four distinct types of pole are dealt with, and, by 
modifying slightly the overall dimensions hitherto used, 
it has been found possible to recommend the use of 
standards which satisfactorily cover most of the poles 
in general use, at the same time providing a comparison 
between the different types of pole. This specification 
is necessarily somewhat lengthy, the complete dimensions 
of every component being specified. l 

The specification provides an excellent example of 
the advantages of co-operation between British and 
Dominion engineers, very great assistance having been 
afforded to the committees responsible by one or two 
Overseas engineers who were visiting this country during 
the discussions on this subject. Valuable information 
was also supplied by many Telegraph Administrations in 
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the Dominions, and other large users of steel poles, with 
the result that this specification reflects the experience 
of users of poles under very varying conditions. 

Tubular tramway poles.—This specification, which was 
first issued in 1904, has come under revision, and practic- 
ally no alteration other than the addition of a pole one 
size larger has been found necessary. Taper poles having 
fallen into disuse and being no longer manufactured in 
this country, this type has been removed from the 
specification, while the stepped pole, i.e. the one-piece 
pole in two reduced parallel steps, has been included as 
an alternative to the sectional poles which are made of 
three separate sections swaged together. During the 
intervening years since its original issue, the specification 
has been very widely used, both in this country and 
abroad, and has been of marked benefit to the tramway 
industry. 

Rotary convertors.—This specification is the final one 
of a series of seven specifications which have now been 
issued relating to the rating of electrical machinery. 
This series replaces the ‘‘ Standard Rules for Electrical 
Machinery” which were issued as British Standard 
Specification No. 72 in 1915. 

Methods of declaring efficiency.—This specification is 
also somewhat unique in character, dealing as it does 
with a very complex subject. In the past it has seemed 
quite simple to talk of the efficiency of a machine, 
looking upon this expression as the relation between the 
output and input; but the difficulty of making accurate 
direct measurements, except in the case of small-size 
machines, and the further necessity of giving guarantees 
of efficiency of large machines, when they are perhaps 
only in the design stage, has led to the necessity for 
accurately defining methods of declaring and computing 
efficiency. 

This specification covers the ground in great detail, 
and is likely to save much trouble and argument when 
acceptance tests of machines are in hand. It is interest- 
ing to note that it has been accepted by the International 
Electrotechnical Commission as a basis for the pre- 
paration of an international standard for methods of 
declaring efficiency. The specification is practically a 
text-book on the subject of losses in electrical machines, 
and should be useful to students and designers. 

Electrical accessories ——The question of electrical 
accessories, and in particular of wall-plugs and switches, 
has been under very wide discussion during the past 
year. There still appears to be a broad difference of 
Opinion between those who consider that standards for 
wall-plugs should only secure interchangeability, and 
those who feel that the expression ‘‘ British Standard 
Plug and Socket” should imply not only interchange- 
ability, but also quality of materials, soundness of 
design, and some measure of protection to the user 
from possible injury. In the meantime, the dimensions 
established some years ago are becoming the general 
standard, and it has been agreed to include in the revised 
specification an additional small-size (2 ampere) plug 
and socket, 

Ignorance, or the small commercial advantage to be 
gained by making plugs with dimensions differing from 
standard, unfortunately leads to there being on the 
market plugs looking very much like the British 


Standard, yet not quite interchangeable. Every con- 
tractor and retailer should see that the plugs supplied 
to the public are of the standard sizes. 

Specifications for materials used in the construction of 
electrical apparatus.—This important branch of the work, 
in connection with which the Electrical Research Asso- 
ciation is rendering valuable assistance, has resulted 
so far in the issue of specifications for vulcanized fibre, 
pressboard, and ebonite for radio purposes, and work 
has been commenced on the preparation of a specification 
for steel for large forgings for electrical machinery. 

During the last 20 years very little improvement 
has taken place in the quality of electrical insulating 
materials. They have generally been used in such 
a way that very large margins of safety have been 
provided, due to an almost complete ignorance of the 
actual insulating properties of the materials, and of 
how to test the materials themselves. The advantage 
to be gained by using insulating materials in as accurate 
a manner as the iron and copper can be used in electrical 
machinery would unquestionably be very great. The 
general use of specifications for insulating materials 
should result in the average quality being improved, 
and the greater knowledge of the properties which will 
result from the testing and inspection should lead to 
substantial reductions in the quantities required. The 
consequences of these reductions are considerably 
greater than the saving in cost of the insulating material, 
as they affect in a marked degree the whole design of 
the machine or apparatus. The Electrical Research 
Association has made public some calculations showing 
the very substantial gains possible, in spite of the fact 
that the use of standard specifications may lead to some 
slight increase in the price of the insulating materials 
themselves. 

Street lighting.—The British Standard Street Lighting 
Specification deals with the subject in two ways. It 
recognizes that there is still a great deal to be learned 
about some of the important features —such as glare— 
of a street-lighting specification, and at the same time 
faces the necessity of producing a usable specification 
pending the acquirement of such knowledge. Another 
interesting feature of this specification is the adoption 
of a classification which looks not only at the present 
requirements but also well into the future. Its policy 
has been, in some quarters, criticized, but it is to be 
remembered that the classification is, in fact, the 
establishment of a nomenclature, and, in establishing a 
nomenclature, it is usually good to provide for the future 
as completely as possible, as changes in nomenclature 
are often more difficult to bring about than changes 
in actual articles. 

Translucent glassware fittimgs.—The specification for 
translucent glassware fittings for interior lighting for 
both gas and electricity is practically completed. One 
of the most difficult questions in connection with this 
specification was that of neck dimensions, a very con- 
siderable number of sizes being already in existence, 
but both the electrical and gas industries have taken a 
wide and statesmanlike view of this question, enabling 
the number of sizes to be very materially reduced. 

Electric lamps.—The revision of Specification No. 161 
for Tungsten Filament Electric Lamps has been com- 
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pleted, new schedules for traction, train lighting and 
omnibus lamps having been included. In connection 
with this specification, the Electric Lamp Manufacturers’ 
Association have agreed to put forward before the end 
of the present year some suggestions for a set of light- 
centre lengths with narrower tolerances, subject to the 
international proposals which are being .considered not 
coming forward in a more definite form than they have 
done hitherto. When agreement is reached on the 
light-centre lengths, specifications for other types of 
reflector fittings similar to that for the dispersive 
reflector fitting will be prepared. 


BRITISH EMPIRE STANDARDS. 


In the last Report a good deal of emphasis was laid 


on the question of British Empire Standards and the 
work of the Imperial Conference of 1926, and it is with 
regret that it has to be reported that the possibility of 
consultation between the home committee and the 
committees in the distant Dominions by telegraph has 
not been realized. This can only be done by the 
Imperial Governments placing substantial sums at 
the disposal of the Standardizing organizations, and the 
urgent need for economy has prevented any such 
allocation of funds being made. The closest intercourse 
is, however, maintained with the Dominions, although 
this is a somewhat lengthy procedure, and the active 
assistance of the Australian Commonwealth Engineering 
Standards Association in the preparation of the British 
electrical specifications has been greatly appreciated, and 
the British committees have been able to adopt in very 
large measure the recommendations received from the 
Australian Committee in regard to new or revised 
British Standard Specifications. 

During the meetings of the International Electro- 
technical Commission in Italy, a valuable contact was 
made with the three delegates from the Australian 
Committee and the delegate from Canada. An en- 
deavour is also to be made to bring engineers visiting 
this country from the Dominions in touch with those 
committees of the B.E.S.A. carrying out work in which 
they are particularly interested. 

It would be very satisfactory if “ British Standard ” 
and “ British Empire Standard ” could become synony- 
mous terms. 


INTERNATIONAL ELECTROTECHNICAL COMMISSION. 


Thirty-six representatives of the British National 
Committee attended the meetings of the Commission 
held at Bellagio, Italy, in September, at which meetings 
a number of useful decisions were taken. The Institution 
was represented at this meeting by its President, Dr. 
W. H. Eccles, F.R.S., and its Secretary, Mr. P. F. Rowell. 

Electrical machinery.—The Commission has approved 
the revised draft of its Rules for Electrical Machinery, 
which will be submitted to the National Committees 
for definite approval under the so-called ‘‘ Six Months 
Rule.” This revised draft will contain the rules for 
all classes of electrical machinery, including traction 
motors and transformers. 

Prime movers.—The Commission has reached definite 
agreement in regard to Rules for Hydraulic Turbines, 
which will be published on the 3lst January, 1928. 


VoL. 66. 


between tests on indoor and outdoor insulators. 
British Standard Specification for Insulators is at 


The 1.E.C. Committee has made considerable progress 


_in regard to the preparation of Rules for Steam Turbines ; 


and in connection with the complete Testing-Code for 
Heat Engines they have taken as a basis for consideration 


the Report of the Heat-Engine Trials Committee of the 


Institution of Civil Engineers, which was submitted by 


. the British delegates. 


Standard voltages—It is to be regretted that the 


Commission has not accepted the proposal to include 


120 000/132 000 volts in the list of standard voltages. 
With regard to test-voltages for insulators, general 
agreement was reached to accept 2E + 10000 volts as 


a minimum test-voltage, E being the line voltage, to be 


applied for one minute under dry conditions for indoor 
insulators, and under rain conditions for outdoor insu- 
lators. The above test-voltage is to be withstood by 
the insulator without flash-over occurring, the actual 
flash-over voltage being at least 5 per cent higher than 
the test-voltage. 

These proposals differ slightly from past practice in 
this country, but current practice tends to recognize 
the desirability of establishing a definite relationship 
The 


present under revision, and the Commission’s recom- 
mendations will be very carefully considered. 

Insulating oils.—A specification for a method of 
sampling «was agreed and it will be submitted to the 
National Committee for approval under the “Six 
Months Rule.” Arrangements for further tests were 
also made, and there is every likelihood of this work 
proceeding more rapidly than has been possible in the 
past. 

Radio valve caps.—The committee dealing with 
this subject was faced with a difficult problem in that 
in Europe there are two well-established standards 
for the spacing of the pins of valve caps, these two 
standards being very similar, but just sufficiently 
divergent to prevent interchangeability. These diver- 
gent dimensions are in use in Great Britain on the one 
hand, and on the whole of the Continent on the other. 
At the suggestion of the British delegation, a compromise 
between the two standards has been evolved, and the 
national committees have been recommended to adopt 
this compromise as and when the tools used in the 
manufacture of the valve caps require renewal. The 
use of this compromise will enable existing valve holders 
of both standards to be used, while still ensuring good 
contact. The American standard, however, will still 
differ from the European one. 

Electricity meters.—The first meeting of the Interna- 
tional Committee on this subject was held this year, 
and reviewed a summary which had been prepared by 
the secretariat. Some progress was made towards 
dealing with the acceptance conditions of new meters. 
A further meeting will be held in Germany next year. 

Rating of rivers.—Some tentative agreements were 
reached in regard to the method of expressing the flow 
of a river. Briefly, it was agreed that the total head, 
and the full natural power equivalent to 100 per cent 
efficiency, should be stated and that, where practicable, 
the time duration should be implied as the basis for 
statistics regarding the flow of streams. 
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New officers —-The Council elected Prof. Feldmann as 
President of the Commission, in place of Mr. Semenza, 


and Lieut.-Col. Edgcumbe was elected Hon. Secretary 


in place of Sir Richard Glazebrook. 


INTERNATIONAL ILLUMINATION COMMISSION. 


An important part of the activities of this Commission 
relates to standardization matters, and the Sectional 
Illumination Committee of the B.E.S.A. includes all the 
members of the British National Committee of the 
International Illumination Commission, the two com- 
mittees being almost identical in personnel. 

A great deal of the work of standardization under- 
taken in the illumination field very closely concerns the 
electrical industry. A brief review is therefore included 
in this report of the meetings of the International 
Illumination Commission held during August in Bellagio, 
Italy. 

At these meetings all the countries affiliated to the 
Commission were represented, by approximately 67 
delegates. The meetings were preliminary to the 
plenary session of the Commission, which is to be held 
in the United States next year. 

Although no technical decisions were taken at these 
meetings, interesting papers were presented on a number 
of subjects, of which the following may involve standard- 
ization in due course :— 


Automobile headlights. 

Factory and school lighting. 
Heterochromatic photometry. 
Nomenclature, definitions and symbols. 


Industrial lighting received special attention, and the 
British Standard Specification for Industrial Reflector 
Fittings was put before the members. The question of 
street lighting was discussed, and in this case also the 
British Standard Specification for Street Lighting was 
brought to the attention of those present. 

Among the new questions which it was agreed at 
these meetings should be dealt with by the Commission, 
the following subjects in which standardization will be 
of value were included :— 


Cinema lighting. 
Colorimetry. 

Daylight illumination. 
Diffusing glassware. 
Light flux distribution. 
Photometric test-plates. 
Signal glasses. 

Street lighting. 


POSITION OF ELECTROTECHNICAL STANDARDIZATION 
IN FOREIGN COUNTRIES. 


[Vote.—The following countries were dealt with in 
the last report :—Belgium, Czechoslovakia, France, 
Germany and Holland. The necessary information 
from Switzerland and Russia has not been received in 
time for inclusion in this report.] 


Poland.—The work of electrotechnical standardiza- 
tion began with the formation in 1924 at Warsaw of the 
Polish Electrotechnical Committee, a self-governing 
body consisting of delegates from all the kindred asso- 


ciations and institutions, assisted by electrical specialists, 
and constituting since 1926 a permanent body of the 
Electric Council of the State. 

The objects of the Committee are as follows :— 


(1) To act as National Committee of the International 
Electrotechnical Commission. 

(2) To organize Polish participation in international 
electrotechnical congresses, etc. 

(3) To publish Polish electrotechnical standards, and 
to keep in contact with the corresponding work 
of other organizations. 


The supreme internal power of the Committee is held 
by the plenary assembly, and the executive and governing 
power by a representative bureau, composed of the 
president, vice-president, general secretary, two presi- 
dents of sections, and a delegate from the Electrical 
Department of Public Works. The president and the 
general secretary represent the Committee in its foreign 
affairs. 

The Committee consists of two sections, one for 
national and the other for international standardization, 
the work being carried out by technical commissions of 
study, consisting of experts and delegates from the 
organizations specially interested in the questions under 
discussion. 

The Polish Electrotechnical Committee is closely 
allied with, though working independently of, the 
Polish Committee of Standardization, which has for 
its object the standardization of industrial products and 
acceptance tests. The two committees make periodic 
reports, and exchange publications, and each has a 
permanent delegate serving on the committee of the 
other body. 

Sweden.—The beginning of the standardizing work in 
the electrical field in Sweden dates from the beginning 
of this century, when the Swedish Institution of Elec- 
trical Engineers took up the work, commencing with 
rules and regulations for electrical generators, motors 
and transformers. Some years later this committee 
prepared proposals for such rules, drawing largely in 
their work on the experience of other countries. 

In the year 1911 the Swedish Institution was able to 
publish a new issue and in 1920, after conferences with 
the Norwegian and Danish Engineers’ Associations, 
still another revision was printed. At present a new 
issue is in course of preparation, the resolutions of the 
International Electrotechnical Commission being taken 
into account. 

Some useful national standards, in particular regarding 
symbols, have been issued, based on the work carried 
out by the Commission. The Swedish Institution has 
also had under consideration certain other standardizing 
matters, one of the most important being the rules for 
calculating the strength of overhead lines. 

The Swedish Association of Electrical Power Stations 
has established some standards for installation material, 
so-called “ SEF ” materials. The Association has also 
carried out standardizing work to some extent with 
regard to their regulations for low- and high-tension 
constructions. 

In 1919 a new organization, the Swedish Electrical 
Standardizing Committee, took up the question of 
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industrial standardization. Standards of the Com- 
mittee have been issued for insulated wires and cables 
and for electrical installation materials, such as snap- 
switches, cartridge fuses and so on, while overhead-line 
wire material, elevators, cooking apparatus and cooking 
ranges are at present under consideration. 

United States of America.—In January, 1898, the 
American Institute of Electrical Engineers discussed 
the question of ‘“‘ The Standardization of Generators, 
Motors and Transformers.” This discussion, which is 
` of much interest as revealing well-considered opinions 
held 28 years ago on standardization, is published on 
pages 3-32 of vol. 15 of the Transactions. Following 
this event the Council of the Institute appointed a 
Committee on Standardization. The first Standards for 
electrical machinery to be generally followed by the 
American electrical industry were those prepared by 
this Committee and adopted by the Institute in June, 
1899. Since then the A.I.E.E. Standards have been 
revised many times and now comprise a series of 22 
publications, each relating to a particular subject. 

All standardization work of the Institute is under the 
direction of the Standards Committee, the members of 
which are appointed by the president. This Committee 
is directly responsible to the board of directors. The 
Committee consists of nine appointed members, the 
chairman of A.I.E.E. delegations on other standardizing 
bodies, the chairmen of working committees, and the 
president of the United States National Committee of 
the International Electrotechnical Commission. The 
working committees may include both Institute and 
non-Institute members. The Institute is a member 


body of the American Engineering Standards Committee, 
and is represented on the Electrical Advisory Committee, 
the organization of which was recommended to the 
American Engineering Standards Committee by joint 
action of the Institute and the Electrical Manufacturers’ 
Council. The Institute is sponsor or joint sponsor for 
15 sectional committees functioning under the rules of 
procedure of the American Engineering Standards 
Committee, as follows :—Elevators ; rating of electrical 
machinery ; insulated wires and cables for other than 
telephone and telegraph use; symbols for electrical 
equipment of buildings; electrical properties of alu- 
minium ; radio ; industrial (electrical) control apparatus ; 
instrument transformers; alternators, synchronous 
motors and synchronous machines in general; direct- 
and alternating-current fractional horse-power motors ; 
induction motors and induction machines in general ; 
direct-current rotating machines, generators and motors ; 
power-line insulators for voltages exceeding 750; 
electrical installations on shipboard; scientific and 
engineering symbols and abbreviations. The Institute 
is represented on 19 additional sectional committees 
functioning under A.E.S.C. procedure. 

The past year has marked the completion of the bulk 
of the work of revision of the Institute Standards, a 
work which has been actively under way for over three 
years. The revised standards are being published in 
the form of a number of sections, each section dealing 
with standards for a specific subject. Of over 40 
proposed sections, 21 have been completed, covering 
the great bulk of material previously incorporated in 
the single volume of Institute Standards. 
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RECENT DEVELOPMENTS IN SUBMARINE CABLE DESIGN.* 
By R. L. Hucmes, B.Sc., Associate Member. 


(Paper first received 16th December, 1926, and in final form 12th August, 1927.) 


SUMMARY. 
This paper aims at collecting together in convenient form 
data connected with recent developments in submarine 
cable design; it is not claimed that the methods set out 
are original. 

Rapid progress has been made in the past few years, 
during which the inductively loaded telegraph cable has 
been introduced, and, although some theoretical papers have 
been published, there is very little matter dealing with the 
whole question of submarine cable design. This paper 
traces the gradual increases of speed which have been 
obtained referring to the CR law, speed constants, duplex 
balance, and the limitation of speeds through external dis- 
turbances, with methods of reducing the latter. Examples 
are quoted. l 

The development of the inductively loaded cable conse- 
quent on the introduction of high-permeability nickel-iron 
alloys is discussed and formulæ are given for the attenuation 
and other constants. The cases when abbreviated formulæ 
can be used are considered and necessary. allowances and 
corrections are discussed. 

The paper concludes with some notes on the testing of 
laid cables. 


The years which have followed the war have witnessed 
some remarkable developments in submarine cable 
telegraphy. Progress had been comparatively slow 
from the days of the pioneers, although very great 
improvements had been made in the methods of 
operation and speed of signalling. 

Before proceeding to discuss the recent changes, it 
will be of interest to trace a few steps of this gradual 
improvement from which the latest developments 
logically follow. 

The telegraph was the first practical application of 
electricity, and the pioneers were developing some 
little theory of their subject at a time when there 
were no recognized electrical units of measurement 
and practically no generally accepted theory of elec- 
tricity. In this connection it is interesting to note that 
the British Association units introduced in 1865 are 
still in common use among the cable companies. The 
recent advances will, however, probably soon lead to 
general adoption of the international units, which differ 
from the B.A. units by somewhat over 1 per cent. 

When submarine cables were first considered they 
were probably looked upon as mere conductors, suitably 
insulated, and were expected to behave much as a 
land-line telegraph, but it was immediately discovered 
that the cable did not so behave, unexpected effects 

* The Papers Committee invite written communications (with a view to 
publication in the Journal if approved by the Committee) on papers published 
in the Journal without being read at a mceting. Communications should reach 


the Secretary of the Institution not later than one month after publication of 
the paper to which they relate. 


due to the electrostatic capacity making their appear- 
ance and seriously interfering with the working. The 
theory of the telegraph cable naturally followed and 
was first seriously developed by Sir William Thomson 
(later Lord Kelvin). He considered the effect of the 
resistance and capacity of the cable on the speed of 
signalling and calculated the value of the received 
current at any given instant after the application of 
a known e.m.f. at the sending end. 

The physical fact on which the theory is based is as 
follows. Any elementary portion of the cable at a 
short distance from the sending end is a condenser and 
it takes a certain time to charge this elementary con- 
denser to the battery potential on account of the 
resistance of the conductor up to that point. The 
charging of another elementary length, at a greater 
distance from the sending end, is further delayed by the 
fact that the e.m.f. available does not immediately 
reach battery potential but is in itself a growing 
quantity. By taking this consideration to limits, 
Lord Kelvin derived the “telegraphic equation,’ 
whence he deduced that the received current J, at 
any interval of time ¢ seconds after the application of 
the battery was given by the series 


1, = = x 2h — 0 + 0t — 60 + 810 — Gb + etc.) 


met 
where 0 =e CRE 
E = sending battery e.m.f., 
R = resistance per nautical mile, in ohms, 
C = capacity per nautical mile, in farads, 
l = length of cable, in nautical miles. 


For very low values of ¢ several terms of this series 
must be employed to calculate the received current, 


_ but for larger values of ¢ the first two terms are sufficient 


and the expression becomes 
E -dza 
I, = = ES CRIB 
r= ( 2e 


THE THOMSON CURVE. 
An important thing to notice in the above expression 


is that the received current after any particular interval 


of time ¢ will be proportional to the applied e.m.f., 
i.e. increasing the sending battery will give a propor- 
tional increase of received current. 

From these expressions Sir William Thomson stated 
what is known as the “ CR” law,* as follows: ‘‘ The 


* Originally termed the ** KR ” law, but by international agreement C has 
since been substituted for K as the symbol for capacity. 
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time required for the received current to reach a stated 
fraction of its maximum strength is proportional to 
CRI.” The maximum value is of course that given 
by dividing the conductor resistance of the cable into 
the applied e.m.f. 

The maximum value in the case of a cable with low 
resistance would of course be higher than in the case 
of another cable with higher resistance, although it 
might be possible for the cables to have the same value 
of CR. The explanation of the observed fact that a 
low-resistance cable is in general rather faster than a 
high-resistance cable of the same CR value is therefore 
that the “ stated fraction of the maximum strength ” is a 
higher absolute value in the former case. 

By making use of the expressions developed above 
the rise-in the received current after the application of 
the sending battery voltage can be plotted and the 
curve is. generally known as the ‘ Kelvin arrival 
curve,” examples of which are given in Figs. 1 and 2. 


12-0 


sending battery 


Ces Se ee dee ae 
AB leet JC Mead 
vit TT tt 
ES 
0-5 1-0 1-5 2-0 2°5 


Time after making contact, in seconds 


Received current (in milliamperes) for 60-volt 


0 


Fic. 1.—Typical curve showing increase of received current 
with time after applying sending e.m.f. 


It will be seen that for a short interval after the 
application of the battery voltage the current increases 
very slowly and is, in fact, imperceptible, after which 
there is a rapid increase. It is this steep rise which 
can be made use of to operate the receiving instru- 
ments, the remaining portion of the curve being eli- 
minated at the receiving end, so far as the instruments 
are concerned, by the use of inductive shunts, con- 
densers and other curbing devices. 

Sir William Thomson considered that for practical 
purposes the received current commenced its steep 
rise at a time after the application of the battery equal 
to (CRI? /[77?) log, 4/3. 

The arrival curve is of the same proportions hori- 
zontally for any value of CRF but is more “ drawn 
out ” for higher values. 

It was shown above that at any instant of time the 
received current would be proportional to the impressed 
e.m.f. It might be thought from this that an unlimited 
increase of speed might be obtained by increasing the 


voltage. An examination of the arrival curves will 
show, however, that a very great increase in voltage 
would be necessary if instruments were to be operated 
by the received current at a point before the com- 
mencement of the steep rise, and in practice such 
operation would be quite impossible for a number of 
reasons. Considerations of safety render the use of 
higher voltages than 60 to 100 volts undesirable, many 
cables being worked with about 20 volts; and even if 
this difficulty were overcome there is another very 
serious objection to the use of higher voltages con- 
nected with the duplex operation as shown on page 142. 

It is evident that the contact at the sending end 
must be maintained for a sufficient period to enable 
the received current to reach the steep portion and rise 
to a sufficient value to actuate the receiving instrument, 
and the maximum speed of working is therefore 
proportional to CRP. 

The actual speed of any cable in letters per minute 


60 


60-volt sending battery 


Received current (in microamperes) for 


0:3 Second 


0-1 0:2 
Time after making contact 


Fic. 2.—Curves on large scale showing rate of increase of 
received current after applying sending e.m.f. First 
portion of arrival curves only. 


multiplied by CRI? gives a figure known asthe “ speed 
constant,’’ which varies within limits depending chiefly 
on the magnitude of the current necessary to produce 
readable signals with the receiving instrument used. 


METHODS OF SIGNALLING. 


The usual telegraphic code is used, a dot being 
represented by an application of one polarity, a dash 
by the reverse, these signals being of equal duration, 
while for the spaces separating letters and words no 
voltage is applied to the cable. This is referred to as 
‘‘recorder code.” It is important to notice that the 
spaces are an essential part of the code. 

Five-unit code is also sometimes employed in con- 
nection with printer apparatus and channel working. 
In this case every letter consists of five signals (appli- 
cations of equal length of either positive or negative 
polarity), and one pole or the other is always applied 
to the cable. Spaces between letters are unnecessary 
as every letter consists of five units, and a definite 


142 
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separating signal, of five units, is sent between words. 
In this code, therefore, the condition in which neither 
pole is applied to the cable has no meaning. The 
effective speed for transmitting traffic over a given cable 
is much the same whichever code is used. 
The signals are received in distorted form as portions 
of arrival curves but are shaped up by “ curbing ”’ 
| devices consisting of suitable combinations of con- 
¡ densers and inductive shunts, so that the first changes 
‘of received current only affect the receiving instrument, 
the unwanted portions of the curve being shunted. 


Receiving 
instrument 


Artificial line 


Earth NEarth? 


general use and the theoretical diagram is shown in 
Fig. 3. 

In practice a number of extra devices are required 
to compensate for various factors not allowed for by 
the capacity and resistance of the artificial line. 

A typical balance is also shown (Fig. 4) with explana- 
tions of some of the additions. 

The perfection of the balance depends in the first 
case on the degree of accuracy with which the artificial 
line reproduces the cable as regards conductor resistance 
and capacity, and artificial lines with negligible tem- 


a 


O 


Fic. 3.—Theoretical diagram of duplex connections. 


Condensers of 40 uF and upwards are used at the 
receiving end in combination with ‘“‘ magnetic shunts ” 
having inductance values up to 70H and a steady 
resistance of only 30 ohms. 


DUPLEX OPERATION. 


— 


Duplex working, which permits the transmission of 
messages in both directions simultaneously, was first 


perature coefficients for both resistance and capacity are 
now commonly used to enable a stable balance to be 
more easily maintained. This is not the whole problem, 
however, as the insulation and ‘absorption ” of the 
cable are not reproduced correctly in the artificial 
line, nor has any successful attempt been made to 
reproduce the natural inductance of the cable. This 
depends on the type of outer sheathing employed in 
the construction of the cable but decreases as the speed 


Cable 


f ab 
Rece 
e Say 


10 me 


Ra MET A 


-H4Sending 
] key 
elo] 


Cz 


Ry 


iving condenser 
40 uF 


& E Receivin 
e instrument 


Artificial line Adjustable 
high resistance 


say 10000ohms) 


. R $ 
G Hustable 


Fic, 4.—Diagram of actual duplex connections, showing principal adjustments. 


C and Cy = balancing condensers aay 60 


C} = adjustable condenser 


p 
say 3 uF A lustable to 0°001 uF) 
hms 


Ra = apex resistance, usually under 10 o 
R, = 10 or 20 ohms, adjustable to 0-01 ohm 


in the artificial line. 


Adjustments of Ra Rı, Rx and Ry compensate for the portion of the ingoing impedance of the cable due to its natural inductance, which is not reproduced 
a can be considered as controlling the phase angle, and the other three adjustments the real 


t of the impedance 


The receiving instrument is shunted by a ‘‘ magnetic shunt ” having a resistance of about 20 ohms and an inductance of about 50 H which is adjustable, 


the magnetic shunt being in series with a separate resistance of, say, 100 ohms adjustable to 1 ohm. 
This combination of receiving condenser, magnetic shunt, and plain resistance is a simple form of shaping network, its function being to cut off the unwanted 


portions of the arrival curve. 


successfully used on a long cable in 1878 when the 
direct United States Atlantic cable, 2420 nautical 
miles in length, was duplexed. 


Several systems of duplex have been tried but they . 


all require at each end of the cable a combination of 
resistance and condensers to imitate as nearly as pos- 
sible the electrical characteristics of the real cable. 
This apparatus is known as. the artificial line. 

The bridge system of duplex working is the one in 


of working is raised. The maximum value would be 
about 3 mH per nautical mile. 

For these reasons the problem of balance has become 
more and more difficult as greater speeds have been 
attained on the cables, with correspondingly reduced 
received currents, and some entirely new idea seems to 
be required. 

It can now be seen that any attempt to increase the 
speed of a cable by using much higher sending voltages 


-- 
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and working at a point on the arrival curve before 
the steep rise, as mentioned on page 141, will greatly 
increase the disparity between the sending “and received 
currents. This would necessitate a duplex balance of 
very great refinement and it is doubtful whether it 
could be obtained in practice. 


td] 
ADVANCES IN THE THEORY OF TRANSMISSION. 
The actual theory of the transmission of signals 


- was developed by Sir William Thomson and there was 
little further theoretical development from 1855 until 


the subject was again taken up by Oliver Heaviside. 


_ He considered the transmission, taking into considera- 


' ductance.” 


| 


! 


tion the other characteristics of the cable, namely, its 
self-induction or inductance, as he first called it, and 
its “leakance,” by which he meant its “ leakage con- 
Leakance as now measured in this con- 
nection includes all losses due to the dielectric other 
than the capacity. 

Heaviside was far ahead of his time and his theory 
covers many of the recent developments. His book, 
“ Electromagnetic Theory,” was published in 1893, 
although some part of the matter had appeared pre- 
viously in the Electrician in 1885. He showed the theo- 
retical possibility of the ‘‘ distortionless cable,” which 
will be referred to later, and also considered the practical 
possibilities of increasing speeds by suitable selection of 
the electrical characteristics in the design of the cable. 
The importance of his work is only now, some 30 years 
later, being generally realized. Meanwhile the sub- 


marine cable companies were fully occupied with 


traffic and were convinced for a number of practical 
reasons that no very great increase of speed could be 
obtained by applying theoretical improvements. In 
this they were not entirely wrong, as the speed of the 
cable was limited, as explained before, by the operation 
of the CR law, and no practical new design of cable was 
put forward. 


PRACTICAL ADVANCES, 


All the successful improvements, therefore, from the 
early days to quite recent times have been on the 
lines of :— 


~ (1) Increasing the sensitivity of the receiving instru- 
ments, thus enabling smaller received currents 
to be employed. 

(2) Increasing the accuracy of the balance for duplex 
working, thus enabling the greater sensitivity 
of the receiving instrument to be employed. 

(3) Eliminating outside disturbances, which become 

l a limiting factor when the received currents 
are very small. 


The increase in the speed of working, though of a 
gradual nature over the whole period, was quite con- 
siderable, as the following examples will show. 

A cable laid in 1873 was then capable of working at 
115 letters per min. (l.p.m.), but the same cable is 
‘now worked at 230 l.p.m., an apparent improvement 
of 100 per cent. At the same time it should be men- 
tioned that for many years a bigger core has been 
inserted in the cable when repairs were necessary, a 
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process which has improved the electrical charac- 
teristics. To show the improvement due to working 
arrangements as apart from the cable itself, the CR 
value must be taken into account. The original length 
of this cable was 1 877 nautical miles, the resistance of 
the laid cable was 2-932 ohms per nautical mile and 
the capacity was 0:353 uF per nautical mile. These 
figures give a CRI? value of 3-65. When the cable 
was first laid speed tests were made, and it is recorded 
in the official report of the engineers present that the 
speed obtained was 23 five-letter words per minute, 
but the remark is added, “ In practice, however, com- 
mercial messages would no doubt be sent at a much 
lower speed.” Taking this speed of 23 words (115 
letters) per minute, the speed constant of this line at 
that time was 115 x 3:65 = 420. This same cable 
now has a CRI? value of 2-604 and is normally worked 
at 230 1.p.m., which gives a speed constant of 599. 
This alone shows an increase -in speed constant of 
42-6 per cent, but in addition it must be remembered 
that the cable is now worked duplex at the above speed 
of 230 1.p.m. This example was chosen because records 
of the speed trials at so early a date as 1873 were 
available, but actually speed constants considerably 
higher than 600 are now common, and in this particular 
case the limits are imposed by practical considerations 
connected with the speed at which the traffic can be 
fed to the cable from other lines. 

Another cable was worked at 210 1.p.m. some 30 years 
ago, which, with a CRI? of 2-42, gave a speed constant 
of 508; that same line now works at considerably 
over 320 1.p.m., the present CRI? value being 2-43, 
giving a speed constant of about 780. 1t will be 
noticed that in this cable the value of CRP has not 
changed much. This is because comparatively few 
repairs have been made over the period in question, 
and a core of approximately the original dimensions 
has been inserted. 

A considerable number of cables are now working at 
speed constants of over 800, while practically any 
cable can be worked with a speed constant over 700, 
so far as electrical considerations are concerned. 

Practical considerations such as the speeds of the 
connecting lines and the economical use of the staff 
have to be considered in determining at what speed 
to work a given cable. Further, the tendency now is 
to work with much better signals than formerly, as it 
is realized that time is lost if messages have to be 
repeated, and that, owing to increased competition, it 
is more than ever undesirable to send out telegram 
containing errors. l 

The chief factors which prevent the theoretical 
speeds being obtained, however, are the imperfections 
of the balance and the external disturbances. Balance 
will be referred to again later in the paper. 


DISTURBANCES. 


The question of external disturbances is of con- 
siderable importance. All cables are worked with an 
“ earth return ” circuit and we may assume that external 
disturbances enter the circuit from the earth connec- 
tions ; in the case of a duplexed cable via the artificial 
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line. This assumption explains the effects produced, 
but it is not always strictly accurate, as disturbances 
can be picked up by induction in the cable itself. 


There are numerous causes of these disturbances, ' 


such as other working cables or land lines, or electric 
trams, and in some cases the disturbances have not 
been explained. The simplest remedy is to make the 
earth connection some distance away from possible 
sources of disturbance by running a second core in the 
cable well out to sea and making an earth connection 
to the sheathing of the cable, a practice which has been 


; developing for many years. 


Wherever this has been carried out a marked improve- 
ment in working has resulted, and all the Atlantic 
cables working with a high-speed constant are using 
sea earths of suitable length. As the sensitivity of 
receiving instruments increased, more was discovered 
concerning this problem and it is now considered 
desirable to terminate sea earths in reasonably deep 
water, say 100 fathoms, to eliminate the disturbance. 

In addition to this, when there are several cables 
working from one station it is often desirable to earth 
the sending battery at some distance from the station, 
usually by means of a second earthed core in the cable, 
shorter than the receiving earth. This assists by pre- 
venting disturbances in other working circuits arising 
from the sending currents. A point to be borne in 
mind, however, in designing these earth cores is that a 
limit can be reached beyond which it would be more 
economical to increase the weight of the main conductor 
than further to extend the sea earths. 

It is possible that some of the otherwise unaccounted- 
for disturbances picked up in shallow water are con- 
nected with gradual atmospheric discharges of the 
brush type on the high ground shore and the conse- 
quent redistribution of potential. 

It is of course necessary to work with received 
currents sufficiently great to swamp any outside dis- 
turbances, and as there is a great reserve of sensitivity 
in receiving instruments now available, the speed of 
operation is in many cases limited by the necessity of 
having a large received current relative to the dis- 
turbances. 


MAGNETIC STORMS. 


The large disturbances occasionally experienced 
during magnetic storms are of a different nature and 
are apparently due to great differences of potential 
sweeping across the earth. Very high voltages have 
been noticed between the cable end and earth on such 
occasions and it is not surprising that the insulation 
has sometimes been damaged during such storms. 
Work is quite impossible at such times and the cables 
are usually earthed at both ends for protection. It is 
unfortunate, . from the point of view of scientific 
interest, that the cable station staffs are usually far 
too busy endeavouring to maintain some sort of com- 
munication to give time to any investigation of the 
nature of earth currents by voltage measurements, 
etc. Fortunately such storms are rare, years passing 
without any serious trouble, and they usually only 
last for a few hours, often, however, recurring several 
days in succession. 


THe PACIFIC CABLE. 


The speed constants attained on cables of the type 
so far considered appear in general to reach about 
800, but it is interesting to notice another case before 
proceeding to the consideration of methods of obtaining 
higher speeds. l 

The cable from Vancouver to Fanning Islafd, 
belonging to the Pacific Cable Board and laid in 1902, 
has a length of 3 458 nautical miles and its CRI? value 
is 9-21. This cable works at a speed of 140 l.p.m. 
duplex, which gives the remarkable speed constant of 
1289. The received current obtained in this case is 
only some three or four microamperes, and the high 
speed is largely due to an abnormal freedom from 
external disturbance. The speed, though very high 
for the actual cable, is low compared with Atlantic 
speeds, and to some extent the disturbances from the 
duplex can be damped out by various means. The 
movements of the coil of the receiving instrument can 
be made rather sluggish, in which case it will not 
respond to disturbances of a frequency high compared 
with that of the signals. This method obviously 
cannot be employed where a high signalling speed is 
required. 

It is worthy of note that when this cable was laid 
it was designed for a speed of 80 1.p.m. duplex. 

From all the foregoing it can be seen that the only 
method of increasing the working speed of cables of 
the type so far considered is by decreasing their CRI? 
value, and clearly the more economical way of doing 
this is to reduce the length of the cable, where possible, 
by putting in intermediate stations. 


REDUCING THE LENGTHS OF CABLES. 


In pursuance of the policy of reducing the lengths of 
cables, a large number of diversions have already been 
made, new stations for retransmission purposes being 
opened on islands or at other convenient points between 
the main termini of the line. In 1905 there were 
11 direct transatlantic cables running from the United 
Kingdom, of which 4 landed in Newfoundland and the 
remaining 7 landed in Nova Scotia. All the latter have 
now been diverted to Newfoundland, shortening them 
by some 400 miles each. In addition there are now 
3 cables via the Azores, and 2 newer cables via New- 
foundland, making 16 Atlantic cables landing in the 
United Kingdom. All the Atlantic cables would have 
been laid to Newfoundland originally but for the 
existence of certain monopoly agreements concerning 
landing rights. 


REDUCING THE VALUE OF CR. 


When the length of a proposed cable cannot be 
reduced further by a different selection of landing- 
places, the only other method of increasing the speed 
is by reducing the value of either C or R, and for econo- 
mical reasons it is better to proceed by decreasing R 
(i.e. by increasing the size of the conductor). To 
decrease C appreciably a large increase of the insulator 
is necessary, and as the cost of insulating material is 
many times that of copper any attempt to reduce 
C rather than R is uneconomical. No satisfactory 
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substitute for gutta-percha has so far been put into 
use as the insulating material for submarine cables, 
but the specific inductive capacity of the mixtures 
now used is considerably lower than formerly—an 
improvement of some 10 per cent having been made 
since the days of the early cables. The possibility of 
reducing the capacity is, however, still an attractive 
proposition. 

Extra-heavy cored cable. —The most recent example 
of the reduction of the CRI value by designing for a 
low value of R and at the same time keeping the length 
as small as possible is the Atlantic cable laid in 1923. 
This line connects Le Havre in France with New York 
via Ireland, the Azores Islands and Nova Scotia. 
The longest section is some 1700 nautical miles in 
length and ethe core consists of 1100 lb. of copper 
per nautical mile, insulated with 450 lb. of gutta- 


‘percha. The CRI? value of this line is 1-346. A speed 
constant of 750, which is exceeded on other Atlantic 
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cables, would enable 557 letters per minute to be 
transmitted. 

The other sections connecting with this cable were 
designed to have a slightly lower value of ORI?, as it 
is obviously undesirable to have the speed of a long 
and expensive cable limited by its connecting lines. 

From the received current curve (Fig. 5) it would 
appear that a simplex speed of 850 1.p.m. should be 
obtainable, transmitting with 50 volts, if the receiving 
instrument operates with 10 pA, but the actual received 
currents would be less if the sea return resistance had 
been included in calculating the curve. A further 
explanation is referred to later on under the heading 
** Deduction of Working Speeds.” 

New problems consequent on higher speeds.—Higher 
speeds, have, however, brought new problems, or 
rather have accentuated problems which were pre- 
viously evaded rather than solved. Hitherto the 
practice of ocean telegraphy has been based rather on 
direct-current lines, but at these higher speeds the 
methods of reasoning suitable for alternating currents 
are more strictly applicable. This aspect of the ques- 
tion had been considered by Oliver Heaviside and 
other theoretical writers but has only recently been 
generally appreciated by practical men. 


The cable must be considered as having some 
inductance, and an effective resistance not necessarily 
identical with that measured with direct current, 
while the leakance might have to be allowed for. Also 
it can no longer be considered that the earth return 
path has no resistance as, owing to the inductive effects 
at higher speeds, the return current follows a path close 
to the cable instead of spreading, and the resistance is 
accordingly higher.* 

These considerations render the duplex balance 
difficult to obtain, and the greater disparity between 
the sending and received current consequent on the 
lower sending-end impedance of the large cores adds to 
the difficulty. 

The following example illustrates the latter con- 
sideration. 

Sixty-volt. square-topped reversals are being applied 
to the cables the arrival curves of which are shown in 
Fig. 2, at such a frequency in each case that 10 pA 
(R.M.S.) is being received. 

The characteristic impedances and ingoing currents 
will then be :— 


CRE of cable | Characteristic | Ingoing 
ohms mA 
1-346 113 531 
3-65 406 148 
9-21 477 126 


From this it can be seen that the disparity between 
the ingoing and received currents at a speed giving 
10 uA received current is nearly four times as great in 
the first as in the second case and this alone adds con- 
siderably to the difficulty of obtaining a duplex balance 
for the same received current. On the other hand it 
must be borne in mind that the required received 
current can be obtained at a higher speed of signalling 
for a given CRI? in the case of heavy cores with a lower 
conductor resistance per nautical mile. 

The application of new theory to the design of 
artificial lines and the duplexing of cables seems to be 
required, and some work is already being done in this 
direction. 

Limit of reduction of CR constant.—Up to the present 
the last-mentioned cable (the 1923 Atlantic), with a 
conductor of 1100 lb. of copper per nautical mile, 
seems to be the limit in seeking higher speeds by 
decreasing the value of R in the CRI? characteristic, 
and the history of development on those lines for the 
present ends here. 


OTHER METHODS OF OBTAINING INCREASED SPEEDS. 

Oliver Heaviside investigated the Kelvin received- 
current curve, taking into consideration also the 
inductance L and leakance G of the cable, and worked 


` out formule including these characteristics. He showed 


from these that when the characteristics of a cable 
were such that RJL =- G/C (absolute electromagnetic 
units), signals could be transmitted through any length 


è J. R. Carson and J. J. GILBERT: *“* Transmission Characteristics of the 
Submarine Cable,” Journal of the Franklin Institute, 1921, vol, 192, p. 706. 
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of cable without suffering distortion. In the case of an 
ordinary cable the only possible way of accomplishing 
this would be by greatly increasing G, i.e. by decreasing 
the insulation resistance, but although there would be 
less distortion as G increased there would also be less 
amplitude of received current, and the signals would 
rapidly disappear altogether. 

Inductance loading.—Heaviside worked out the possi- 
bilities of increasing the speed by imcreasing the 
inductance L. It was evident that the addition of con- 
tinuously distributed inductance to a cable would 
improve the speed of signalling, but there appeared to 
be no practical method of accomplishing this. The 
difficulty has been to obtain a high enough value of 
L for any real improvement to be effected, and the 
recent strides have followed from the solution of this 
problem, which has interested various investigators 
over a number of years. 

Before following this matter up it is necessary to 
have some data giving an idea of the values required 
and the difficulties encountered in obtaining them. 


ARRIVAL CURVE. 


The general expression for the arrival current in the 
case of an inductively loaded cable with uniform 
characteristics at any time after applying an e.m.f. is 
long and complicated. (It is given in full by Dr. 
H. W. Malcolm in ‘‘ The Theory of the Submarine 
Telegraph and Telephone Cable,” page 496.) While it 
would be possible to construct an arrival curve by 
evaluating the current for a number of values, such a 
process would be very tedious. 

Fortunately, however, the value of the received 
current can be obtained more simply by considering 
the attenuation of alternating currents of different 
frequencies. 

Attenuation constani.—If the cable is of sufficient 
length and the characteristics are uniform, the attenua- 
tion can only be logarithmic, and the received current 
I, will be the ingoing current J, divided by a power of 
e dependent on the length of the line and the electrical 
characteristics. 

That is to say I, = I, x e~, where l is the length 
and a is the attenuation constant per unit length, which 
is dependent on the characteristics. 

The general formula for the attenuation constant of 
a cable containing resistance, inductance, capacity and 
leakance, is 


a = VVE F PLA (FF PA + (RO — wALO)} 


where w = 27 X frequency. GÊ can usually be neglected 
on account of its small value at telegraphic frequencies. 
Simplified formule applicable to special cases will be 
considered later. 
In the case of a cable in which the only characteristics 
are the resistance and the capacity, a becomes 


4/(wCR2). 
WAVE-LENGTH CONSTANT. 
It may be mentioned here that the true expression 


for the current at any point distant x along an infinitely 


long cable is 
I; = I; X em (a+j8jz 


where j = y(— 1) and ĝ is known as the wave-length 
constant. At distances J along the cable such that 
fl = 27 the voltage is in phase with the sending 
voltage, i.e. l is the ‘‘ wave-length.” 

An expression for the value of B can be obtained of 
similar form to the expression for a, the only difference 
being that the sign between the two main terms is 
minus instead of plus. 


CHARACTERISTIC IMPEDANCE. 


Before proceeding to a few examples of the effect of 
the pure addition of inductance there are two things to 
be considered. 

An expression for the ingoing current is required, as. 
the received current is to be a function of if. 

Let the sending-end impedance of the cable be Zp. 
This is the impedance offered by the cable to an 
applied e.m.f. Then Co = V)/Z, (where the suffix 0 
denotes the ‘‘ characteristic at distance x = 0,” i.e. at. 
the sending end). 

The electrical characteristics of the cable being known, 
an expression for Z, can be obtained. The expression 
for the ‘‘ characteristic impedance ” if the cable is of 


sufficient length is 
N (4 + a 
G+ jw 


from which the ingoing current can be calculated, the 
phase shift being neglected by evaluating 
y (E + os) 
G2 + w02 

The second point to be considered arises from the 
fact, mentioned above, that the cable must be of 
sufficient length. The calculations throughout have so 
far been based on the assumptions that an infinitely 
long cable is being considered and that the characteristics 
are uniform along the cable. The ““infinite cable ”” 
condition is met at any point if the impedance of the 
cable beyond the point is equal to the characteristic 
impedance. Therefore if the impedance of the re- 
ceiving instruments is equal to Z, the received current 
is obtainable from the foregoing attenuation formule. 

The received current or voltage with different 
terminal impedances can be obtained from reflection 
formule which are fully discussed in Hill's ‘‘ Telephonic 
Transmission,” Chap. VII. Briefly, the current trans- 
mitted through an impedance Z, terminating a cable 
with characteristic impedance Zo will be the infinite: 
line current at that point multiplied by a coefficient 
2Z (Z; + Zo), and the voltage at the same point will 
be that given by the infinite line multiplied by 
ZA (Zy + Zo). 

If the line is freed at the receiving end, Z, becomes 
infinite and the coefficient for voltage will be 
20/(% + Zo) which equals 2. 

Thus the voltage at the freed end of a cable is double 
that which would be obtained across its characteristic 
impedance, and as this voltage can be measured the 
voltage attenuation of a cable can be obtained without 
the necessity of measuring the characteristic impedance. 
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RECEIVED CURRENTS WITH INDUCTANCE LOADING. 


Curves are given in Fig. 6 showing the amplitude of 
the received current for a cable having (a) no 
inductance, (b) 10 mH per nautical mile, and (c) 50 mH 
per nautical mile, the leakance being neglected. 

These curves are only of interest as showing the 
variation as the inductance loading is increased, but, 
as will be shown later, they do not take into considera- 
tion all the variables and are therefore not of practical 
use for finding received currents. The curve for the 
50 mH loading shows how the attenuation tends to 
become independent of frequency as the value of wL 
increases ; this, of course, is not the case in practice 
owing to variations in the characteristics with frequency. 

These curves show that even such an added 
inductance as 10 mH per nautical mile gives some 


1500 


Recelved current (in microamperes) when sending 
60-volt square-topped reversals 
m 
© 
© 
l a 


Frequency, cycles per sec. 
Fic. 6.—Curves showing increase of received current at 
different frequencies with added inductance. 


Length of cable = 1877 naut. miles; conductor resistance = 2°932 ohms per 
naut. mile ; capacity = 0-353 uF per naut. mile; CRP = 23-5, 


improvement, while the addition of 50 mH per nautical 
mile results in a very great increase of received current. 

It follows that the operating speed of such a cable 
could be many times increased by adding a distributed 
inductance of 50 mH per nautical mile; provided that 
the resistance and capacity remained unaltered and 
that the leakance was truly negligible, as has been 
assumed. 


DEDUCTION OF WORKING SPEEDS. 


The system of calculating working speeds from the 
attenuation of alternating currents appears to be 
justified for the following reason. If a cable will 
transmit alternating current, i.e. steady reversals, with 
sufficient amplitude to affect the receiving instrument, 
it will transmit all signals. Some letters are made up 
of two or three impulses of one sign without any reversal 
` intervening. These signals will coalesce and will 
result in a long signal of one sign, but this is entirely 
harmless as the meaning can be read from the duration 
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of the signal. This has been the general method since 
the earliest days of ocean telegraphy, and no difficulty 
has been found even in devising automatic apparatus 
for interpreting these ‘‘ block ” signals and, if necessary, 
converting them into “beats.” In actual practice, 
when automatic sending is used, the signals are often 
transmitted as blocks. 

The highest frequency to be transmitted is therefore 
that given by the “cross letters,” i.e. letters whose 
signals involve consecutive alternations such as the 
letter “* C,” which is =—= e === . in Morse code or = == «f. — 
in recorder code, or similar combinations in other codes 
or consequent on multi-channel working. If these 
1etters can be transmitted it is evident that the lower 
frequencies will present no difficulty. 

The objection to this argument is that in telegraphy 
we are not dealing with the trains of oscillations but 
each half-cycle is in itself a signal and may be followed 
by another half-cycle of the same sign or of opposite 
sign or by a silent space. In other words the steady 
state is not reached and we are really dealing with 
transient phenomena. This results in a certain amount 
of distortion, which can, however, be largely taken care 
of by curbing arrangements at the sending and receiving 
ends. 

This consideration should, however, not be lost sight 
of in designing loaded cables. It furnishes one reason 
for the discrepancy noticed between the speed of the 
1923 Atlantic cable as given by the CR law and as 
derived from its attenuation (see Fig. 5). 

If the current at the sending end is not of pure sine- 
wave form or is formed of, say, square-topped reversals, 
harmonics will be set up in the cable, but as these will 
be of higher frequencies than the fundamental they 
will suffer much greater attenuation and will be negli- 
gible at the receiving end. In fact, under working 


conditions and speeds, the alternating current received 


when reversals are being sent without spacing can be 
considered to be of pure sine-wave form. 


METHODS OF ADDING INDUCTANCE. 


As mentioned before, the difficulty in taking advantage 
of the possibilities of inductance loading for telegraphic 
purposes has been that a sufficiently high value of the 
added inductance could not be obtained in practice. 

Inductance can be added by continuous loading, 
introduced by Krarup, in which a layer of soft iron 
wire is wrapped around the conductor before applying 
the insulating material, or by inserting Pupin coils, 
with high inductance, at suitable intervals in the. 
circuit. High inductance can be obtained by the 
latter method, but, as the coils are necessarily large in 
diameter compared with the cable, there are con- 
siderable difficulties in making them so that they will 
have sufficient strength to withstand the strain of 
being paid out from the laying ship and remain water- 
tight under sea-bottom pressures ; and these difficulties 
have so far prevented the use of coil-loading in deep 
water. _ 

It is quite probable that coil-loaded telegraph cables 
will be laid in the future, but at present the development. 
is entirely in the direction of continuous loading. 
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HIGH PERMEABILITY AT Low MAGNETIZING FORCES 
REQUIRED. 


The cable on which the curves in Fig. 6 are based 
had a conductor of 400 lb. of copper per nautical mile, 
with a resistance of approximately 2-932 ohms per 
‘nautical mile at sea temperature, representing a copper 
-of lower conductivity than would now be used. 

A convenient formula for the inductance of a con- 
tinuously loaded cable in which the loading is a single 
layer of fine wire is 


Added inductance (mH per nautical mile) 
= 0:1855 x 27ur/d 


where p is the permeability of the loading material, 
y the radius of the loading wire and d the mean dia- 
‘meter of the loading, i.e. the diameter of the conductor 
plus one diameter of the loading wire. 

The diameter of a 400-Ib. conductor is 152 mils and, 
rassuming a wire of 12 mils diameter for the loading, 
which is found to be a convenient size, we have r = 6 
and d = 164 in the above formula. 

To obtain a loading of 50 mH per nautical mile, 
‘which has been shown to be of about the order necessary, 
a permeability of 1175 is necessary to satisfy the above 
equation. This must be the permeability of the loading 
wire in position and for the very low magnetizing forces 
due to the attenuated signalling currents. 

The permeability of soft iron wire under the same 
conditions might reach 200 and therefore, until some 
material was produced with a much higher permeability 
‘for the low magnetizing forces involved, the continuous 
Joading of telegraph cables was out of the question. 


MAGNETIC NICKEL-IRON ALLOYS. 


Numerous experimenters had been working in various 
directions endeavouring to find a material which would 
give the required high permeability for low magnetizing 
forces, but it was not until 1921 that any commercial 
progress was made. In that year a patent was applied 
for by the Western Electric Co. covering certain nickel- 
iron alloys which they called ‘“ permalloy.'” These 
-contained essentially nickel and iron in the proportion 
of approximately four parts of nickel to one of iron, 
small percentages of other materials being found 
advantageous. The permeability of these alloys when 
Suitably treated was many times greater than that of 
soft iron.* The maximum permeability was found 
when the proportions of nickel and iron were 78% and 
21} respectively. The “initial permeability,” i.e. that 
for infinitely small magnetizing forces, was as high as 
13 000, and with a magnetizing force corresponding to 
B = 4300 the permeability reached 87000. These 
figures are taken from the laboratory experiments and 
do not represent the conditions when the material is 
applied as a wrapping of wire or tape around a con- 
ductor, but they show at once that the permeability is 
far higher than that of the best soft iron and particularly 
for the low magnetizing forces. 

Proposals were immediately made for the manufacture 
and laying of a transatlantic cable, the conductor to 
‘be “loaded ” with permalloy. Many factory experi- 


..* H. D. ArnoLD and G. W. ELMEN : “ Permalloy, an Alloy of Remarkable 
Magnetic Properties,” Journal of the Franklin Institute, 1923, vol. 195, p. 621, 


ments were carried out and then, after satisfactory 
financial arrangements had been made, a length of 
120 miles of such cable was manufactured in London 
and laid out in a loop from the Island of Bermuda 
during the summer of 1923. Bermuda was selected 
because the contour of the sea bottom near this island 
enabled the greater part of the cable to be laid in very 
deep water, which was desirable as one of the chief 
objects of the experiment was to determine the effect 
of prolonged application of the sea-bottom temperature 
and pressure. This experiment yielded satisfactory 
results and in a very short time manufacture was 
commenced on a cable to be laid from New York to 
Fayal (in the Azores) which was expected to have a 
possible working speed of over 1 500 letters per minute. 
This cable was laid in September 1924 and the trials 
which were carried out were successful, the estimated 
speed being obtained, and proved that cable telegraphy 
had entered on a totally new phase. . 

Before considering the rapid technical developments 
that have taken place we may briefly note the subsequent 
progress. 

IMPROVED NICKEL-IRON ALLOYS. 


In 1924 a patent * was taken out covering a different 
alloy, manufactured in England, which was named 
‘‘mumetal’’ and consisted of nickel and iron in pro- 
portions similar to those in permalloy, but with, in 
addition, percentages of copper, manganese and small 
quantities of other elements. This alloy had a higher 
specific resistance, a lower hysteresis loss and a higher 
permeability than the permalloy used in 1923, and 
certain mechanical advantages were claimed for it. - 

Following closely on this, the Western Electric Co. 
produced a new alloy, “ chrome permalloy,’’ with pro- 
perties very similar to those of mumetal. 

For the purposes of this paper these materials are 
treated as identical, but it must be understood that 
the figures given are for particular samples, and large 
variations can be obtained by slight modifications in 
the proportions of the metals composing the alloys 
and by alterations in the treatment of the materials. 

The magnetic characteristics of the nickel-iron alloys 
are somewhat inconstant and are altered by mechanical 
stress and by variations in the field strength. 

Simultaneously with the development of the original 
permalloy in America nickel-iron alloys were being 
investigated in Germany and an alloy called “ invariant ”” 
was developed which was said to offer certain advantages 
in that its properties were more constant. Invariant 
has not developed sufficiently to come into actual use. 


LOADED CABLES LAID. 
Since 1924 the following cables have been completed 
using either chrome permalloy or mumetal. 


(1) Cocos Island-Perth (Western 


Australia) .. ‘te Mumetal 
(2) Penzance-Newfoundland .. } Chrome ás 
(3) Newfoundland-New York .. A 
(4) Germany-Azores Chrome permalloy 


(5) Vancouver-Fanning Island .. Mumetal 
(6) Fanning Island—Fiji .. Chrome permalloy 
. * W.S. SurrH and H, J. Garnett, British Patent No. 224972. 
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With the exception of No. (4) all these cables have 
been made and laid by British contractors. 

The history of the development of submarine cables 
has now been traced to the present time and the actual 
design will be briefly considered. 


DESIGN AND CONSTRUCTION OF CONTINUOUSLY LOADED 
TELEGRAPH CABLES. 

It is evident that the first question for consideration, 

the length being known, is how to design the core to 


AT A 


200 


value with zero current 


Inductance, percentage of 


40 100 
Current in loaded conductor, in milliamperes 


Fic, 7.—Variation of inductance of loaded conductor with 
current, frequency remaining constant. 


give the required speed. In the case of an unloaded 
cable this is fairly simple, as, knowing the methods of 
transmission to be employed, the speed constant can 
be decided and the cable then designed to give a suit- 
able value of CRI?, bearing in mind the mechanical 
limitations. 


Added resistance, percentage of value with zero current 


10 20 
Current in loaded conductor, in milliamperes 
Fic. 8.—Variation of added resistance of loaded conductor 


with current, frequency remaining constant. 
up to 30 mA.) 


(Part 1, 


The only doubtful factor then remaining is the 
magnitude of the disturbances likely to be met with, 
and in many localities this would be approximately 
known, or experiments might be carried out to measure 
the disturbances. 

In a loaded cable there can be no such simple rule 


characteristics are not constant. 


as the CR law, because there are four characteristics 
affecting the transmission, namely resistance, inductance, 
capacity and leakance. From this it can be seen that 
the same speed of transmission could be obtained with 
different combinations of these characteristics, and the 
question resolves itself into selecting the most suitable: 
and cheapest practical combination. This is by no 
means a simple matter and requires experience of past 


of value with zero current 


Added resistance, percentage 


-0 20 40 60 80 100 
Current in loaded conductor, in milliamperes 


Fic. 9.—Variation of added resistance of loaded conductor 
with current, frequency remaining constant. (Part 2, 
up to 100 mA.) 


work, a knowledge of the possibilities of new and 


alternative designs and considerable business acumen. 
In addition to this there is the complication that the 


100 


Added resistance, percentage of value at 50 cycles per sec. 


0 20 40 60 80 100 
Frequency, cycles per sec. 
Fic. 10. 


The inductance 
and resistance of a loaded conductor increase with 
current, while the resistance also increases with the 
frequency. The leakance is a function of the fre- 
quency, and the capacity decreases slightly as the 
frequency increases. 
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VARIATIONS OF INDUCTANCE AND ADDED RESISTANCE 
WITH CURRENT. 


The variations of inductance with current are due 
to the varying permeability with different magne- 
tizing forces; while the variations of resistance of a 
loaded conductor are caused by variations of the added 
resistance due to the eddy currents and hysteresis 
losses in the loading material. 

Figs. 7, 8, 9 and 10 give some idea of the importance 
of these variations. They represent the variations of 
inductance and resistance of an actual loaded con- 
conductor, using one of the later alloys. The values 
are expressed as percentages of a standard as stated 
on the curves. 

Fig. 11 shows the function (Added resistance)/fre- 
quency plotted against frequency, the values being 
taken from Fig. 10, which is for a testing current of 
l mA. This yields a straight line from which the 
solution of the equation R = af + bf? can be found. 
As the hysteresis loss is directly proportional to the 
frequency and the eddy-current loss to the square of 


Added resistance 
Frequency 


Frequency, cycles per sec. 
Fig. 11. 


the frequency this enables the two losses to be 
separated. Similar results can be obtained for other 
currents as required. 


ATTENUATION, 


In designing a core of suitable dimensions for a given 
speed over a known length, it is customary to assume 
known transmitting conditions, i.e. a certain voltage 
applied either directly to the cable or through a definite, 
known. network. 

Granted that the sending-end impedance is known, 
the ingoing current can be obtained by division. If 
now the attenuation for the whole length can be calcu- 
lated at the proposed frequency, the received current 
is known and the design could be pronounced satis- 
factory or not according as to whether the received 
current is sufficient for the receiving instruments it is 
intended to employ. 

It is important to note, however, that calculations 
based on attenuation alone are not of themselves 
sufficient. 

The attenuations of current and voltage follow the 
same law but the relationship between current and 
voltage at any point is dependent on the characteristic 


impedance at that point. In practice the impedance is 
not the same at all points owing partly to the difficulty 
of getting the characteristics uniform and partly to 
deliberate arrangement of the lengths of core in the 
cable to keep the higher inductance values away from 
the ends. This will be referred to later. Actually 
the impedance as measured at the two ends shows 
considerable variation; in the Pacific Cable Board’s 
recent cable from Fanning Island to Fiji the impedance 
measured at Fanning was 703 ohms, while at Suva it 
was 670 ohms at the same current and frequency. 

Apart, however, from this the impedance at the send- 
ing end under the heavy sending currents is naturally 
much higher than that at the receiving end, owing to 
the higher value for the inductance as shown in Fig. 7. 
The applied voltage is independent of the sending-end 
impedance, while the sending current varies inversely 
as the impedance, and therefore it follows that the 
attenuation as measured with current can never be the 
same as that measured with voltage, and in fact this 
is found to be the case. The attenuation of a cable 
is not necessarily the same both ways, under similar 
sending conditions, owing to the characteristics not 
being identical at the two ends where the head-end 
losses occur. 

In the calculations worked out here reflections have 
been neglected, but if these are included a lower current 
attenuation, i.e. higher received current, is obtained, 
as the impedance is falling from the sending end towards 
the receiving end. It has not up to the present been 
found necessary to take this into consideration in 
design, but if at any future time designs were con- 
sidered in which the characteristics were not to be 
uniform the reflections would have to be worked out. 
This would not present any difficulty and an example 
of such a calculation appears on page 156. It has been 
considered best to place any sections of cable with 
lower inductance than the average near the ends, in 
order to minimize head-end losses. 

The received power is of course the product of the 
received voltage and current or the product of the 
receiving-end impedance and the square of the current. 
If the cable is terminated with any impedance differing 
from its characteristic impedance, the received power 
is reduced, the loss being dissipated in reflections. 
This is axiomatic but it does not follow that the best 
method of receiving is to use an instrument whose 
impedance is equal to the characteristic impedance of 
the cable, and in designing it is important to consider 
the characteristic impedance as well as the attenuation, 
as cables of identical attenuation are not necessarily 
equally satisfactory. The electrical characteristics are 
not necessarily the same at all points along the cable, 
apart from the variations due to the different current 
strengths, even though the core may have uniform 
characteristics when manufactured. As an example, it 
was noticed that some lead-covered core, used in the 
short trench line connecting the submarine cable with 
the telegraph office, had a much higher added 
resistance after being covered with lead. This was 
found to be due to eddy currents in the lead sheath 
and further investigation proved that the brass tape 
which is commonly put around the core in shallow 
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waters as a protection against certain marine insects 
also slightly increased the added resistance. The 
brass-taped core may extend a considerable distance 
from either end. 

This increase of resistance would not take place 
unless the magnetic flux around the conductor carrying 
current had a longitudinal component; it has such a 
component in consequence of the spiral lay of the 
loading material.* In the case mentioned the loading 
material was a tape about 4 in. wide and 0-005 in. 
thick, making an appreciable angle with the circum- 
ference of the conductor. With wire loading the effect 
should be very much less on account of the shorter lay. 

Fig. 12 shows the change of added resistance, expressed 
as a percentage, due to covering the core with lead ; 
this was, however, one special case and would not apply 
to a core of different dimensions. It would be interest- 
ing to know what the effect would be if a core containing 
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FiG. 12.—Curves showing increase of added resistance at 
different currents due to lead covering of core. 


a tape-loaded conductor were surrounded with heavy 
copper strips to form a return path, as is done in 
certain telephone cables. 

In addition to this variation of added resistance with 
brass taping, which is so slight as to be negligible in 
wire-loaded cables, the sea return resistance varies 
somewhat according to the type and construction of 
the sheathing of the cable, and the average figure 
given in the paper (page 154) is for a typical deep-sea 
type and can be used in practical work; but if cables 
were being designed for higher frequencies more 
experimental data would be desirable. 


ABBREVIATED FORMULZ. 


In questions of design we are primarily concerned 
with the characteristic impedance and attenuation, 
and before proceeding with the consideration of practical 
difficulties it will be as well to notice some simplifications 
of the general formule. 

The full attenuation formula as given on page 146 is 


a = VHVIR + wl?) (@ + w0?) + (RG — w*LC)), 


As G@ does not exceed a few micromhos per nautical 
mile at telegraphic frequencies, G% is small compared 


* U, Meyer: “Das Magnetische Feld von Krarupdrahten,” Elektrische 
Nachrichten-technik, 1924, vol. 1, p. 152, 


with w*C?, unless w is very low, and can be neglected. 
The following arrangement of the remaining terms is 
convenient for calculation :— 


a = V/{}w0 V RÈ + wI + $RG — 4w®LC} 


In cases where R is negligibly small compared with 
wL and G negligibly small compared with wC, which 
can usually be assumed in heavily loaded cables, the 
full formula simplifies to 


ae L 
“ONL! NT 


in which it will be noticed that w does not appear ; 
i.e. the attenuation is apparently independent of the 
frequency. This does not, however, mean that a given 
cable will transmit at any speed with the same attenua- 
tion, because the values used for R, L and G must be 
the values at the frequency under consideration. 
Actually a increases rapidly with frequency on account 
of the increases in R and G. 

The characteristic impedance formula (see page 146) is 


; y R2 + a) 
G2 + ec? 
Making the same assumptions in this expression as 
were made in arriving at the above formula for a, 


namely, that R and GQ are negligible compared with 
wL and wC respectively, we obtain 


L 


These abbreviated formule for a and Zp, are generally 
used in calculations in connection with design, but it 
must be borne in mind that wL is not always large 
compared with R—in particular when the values for 
high currents are required or when lower frequencies 
are under consideration. In such cases the longer, 
abbreviated formula previously given may be used. 


CALCULATION OF CHARACTERISTICS. 


The designer has, from experience, some preliminary 
idea of the size of core desirable, so he selects an appar- 
ently suitable weight of copper, loading material and 
gutta-percha and proceeds to calculate the electrical 
characteristics. 

The copper resistance is easily obtained ; from 1 190 
to 1200 pounds of copper have a resistance of 1 ohm 
per nautical mile at 75°F. when made up as cable 
conductor. 

A formula for the added inductance per nautical 
mile of wire-loaded conductor has already been given, 
viz. 0°1855 X 2murjd millihenrys per nautical mile, 
where p is the permeability, r the radius of the loading 
wire and d the diameter of copper conductor plus one 
diameter of the loading wire. 

The formula 4yt/d x 0-1855, where t is the thickness 
of the tape, can be used for tape loading (as referred 
to above). The result so obtained should be reduced 
by a percentage corresponding to the percentage 
air-gap between successive turns of tape, which in 
practice are not allowed to butt. 
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From these formule the inductance can be obtained, 
assuming a value for the permeability. Values of p 
about 4 000 have been used, but higher values are obtain- 
able, while lower permeabilities may also be required 
for special purposes. The exact value of y which will 
be obtained is very uncertain, as it depends not only 
on the composition of the material but also on the 
mechanical strains to which it is subjected, its annealing 
temperature, and the degree of magnetization it acquires 
from any stray fields (including the earth’s field) during 
the process of winding on the conductor, etc. 

However, this gives a preliminary value for L, and a 
figure for the added resistance is next required. 

Calculations can be made for the added resistance 
due to eddy-current loss only, but the orn so 
obtained are of little value since they contain p? and 
7% in the numerator, for which reason slight variations 
in these characteristics considerably affect the result. 

The formula for wire loading is 


Added resistance 


2 
= E x 1-181 x 10-4 ohms per nautical mile 
where p is the specific resistance of the loading material, 
in microhms per cm3; the other letters denoting the 
same quantities as in the inductance formula above. 
In this case the dimensions r and d must be expressed 
in mils, 
For tape loading the following formula can be used : 


Added resistance 
BN wut 
o d 


x 3:84 x 10712 ohms per nautical mile 


where d and t are expressed in mils. 

These formule take no account of hysteresis losses 
and are therefore only true for low magnetizing forces, 
i.e. low current strengths. In practice they do not 


give good absolute results but can be used for com- ` 


parison if there are some experimental data or previous 
experience with which to correct the figures, in par- 
ticular the effect of varying known conditions one at 
a time can be predicted. 

The capacity is also an important factor, and a figure 
for this can be obtained from the formula 


_ 0-146 
— log Djd 


microfarads per nautical mile, where D is the diameter 
over the gutta-percha and d the diameter over the 
loaded conductor. The constant in the numerator 
depends on the specific capacity of the insulating 
material and varies appreciably with different samples, 
but the above figure is suitable for design purposes 
although rather too low for specifications. 

The only remaining characteristic is the leakance, 
which cannot be closely calculated in the absence of 
experimental data on the actual material under the 
conditions of temperature and pressure expected to 
prevail when the cable is laid. 

Fortunately the leakance does not usually account 
for much over 10 per cent of the total attenuation, so 
that an exact figure is not so absolutely necessary. 


The following empirical expression will be found suitable 


for gutta-percha cored telegraph cables in deep water :— 
Leakance (G) = 0-018 wC micromhos per nautical mile 


where C is the capacity (uF) per nautical mile of the 
core. 

Calculation of attenuation.—The figures for R, L, G 
and C at the proposed frequency have now been 
obtained, the R and L being the values for low mag- 
netizing forces such as those due to currents of under 
1 mA in the conductor. 

Assume that in a given case the characteristic im- 

pedance is 500 ohms and the attenuation 0-00350 per 
nautical mile, corresponding to a total attenuation of 
7 for a cable 2 000 miles long. 
- This figure is the zero-current attenuation, no account 
being taken of the higher attenuation due to the heavy 
currents near the sending station, which is commonly 
referred to as the “ head-end loss.” 

The ingoing current, assuming 500 ohms for Zg and 
a voltage of 50, would be 100 mA, and the received 
current would be 100 — e? = 0-091 mA = 91 pA. This 


result is, however, of no value owing to the omission 


of the head-end loss. An approximate estimate of the 
amount to be added to the “‘ zero current ” attenuation 
to obtain the “* overall attenuation,” i.e. the true value 
including head-end loss considerations, can be found 
from the records of similar cables previously laid. It 
might be 11 per cent, making the overall attenuation 
corresponding to the above “zero” attenuation (7) 
equal to 7-77, which would reduce the received current 
under the same conditions from 91 to 45 uA. It will 
be noticed that no correction has yet been made for 
the ingoing impedance on account of the change in the 
characteristics with the heavier currents. _ 

The addition of an estimated percentage to the zero 
attenuation to allow for the head-end losses is a very 
rough method, and full calculations of the overall 
attenuation have to be made, but before this is done 
there are several further allowances and corrections to 
be made to the characteristics. 

Necessary allowances in calculating attenuation —There 
are two main corrections which must be taken into 
account before the attenuation to be expected can be 
calculated. 

The first arises from the fact, previously mentioned, 
that the loading material is affected by stray magnetic 
fields. In view of the high permeability at low 
magnetizing forces it is natural that this should occur. 

Demagnetization.—During the process of winding the 
wire on the conductor, annealing, covering with gutta- 
percha, etc., the material is subjected to the influence 
of various fields, and when the coils or core are finally 
delivered for testing the loading material is in a more 
or less magnetized condition. 1t is therefore less 
susceptible to the weak magnetizing forces produced by 
small signalling or testing currents ; i.e. its permeability 
is reduced and the inductance of such a coil will be 
lower than it would otherwise be. 

If such a coil is ‘‘demagnetized’’ by passing an 
alternating current through the conductor and reducing 
the amplitude by small steps from a maximum to nil, 
a higher value for the inductance will practically always 


HUGHES: RECENT DEVELOPMENTS IN SUBMARINE CABLE DESIGN. 


153 


be found. The maximum current necessary will not 
exceed 0-5 ampere and quite a simple means for 
demagnetizing can be arranged, employing a sliding 
rheostat. 

It should be mentioned here that the coils of core 
for demagnetizing and alternating-current tests must 
be “ bifilar ” wound to eliminate the natural inductance 
of the coil. This process is simple enough but involves 
a.number of extra winding operations, thus adding to 
the expense. 

After demagnetization the inductance of a coil is 
almost always higher, the increase depending on the 
previous history of the length of core. In some cases 
it may be as much as 25 per cent higher, but an average 
figure would be about 10 per cent. The so-called 
“* demagnetized ” value is not necessarily the best 
possible. The process of demagnetization would only 
be perfect if carried out in a neutral field, which is not 
practically possible. Accordingly experiments can be 


, percentage of 


initial value 


Inductance 


0 200 
Magnetizing current, in milliamperes 


this. After the conductor is completed it is covered 
with gutta-percha and the question of mechanical 
stress again arises. When the cable is laid, parts of it 
may be in such depths as 3000 fathoms, where the 
pressure on the core would be 8 028 Ib. (3-58 tons) per 
square inch. If this pressure is applied to the loading 
material uniformly in all directions the permeability 
will not be impaired, but otherwise strains will be set 
up due to distortion consequent on the loading wire 
being pressed against the copper conductor, and a 
serious loss of inductance will follow. To ensure the 
uniform distribution of pressure the loaded conductor 
would have to be in a fluid and this is actually accom- 
plished by sutrounding the conductor with a viscous 
compound which is somewhat fluid even at sea-bottom 
temperatures and which must not, of course, be harmful 
to gutta-percha nor absorbed by it. : 

The core must be handled throughout with consider- 
able care to avoid mechanical strains, and in this con- 


Fic. 13.—Curves showing loss of inductance of a loaded conductor with magnetization, and recovery 
on demagnetization. 


Curve A shows the various inductances of a length of core, as tested with 1 mA at 50 cycles, after magnetizing the loading material by passing through 


the conductor a direct current of the values indicated by the horizontal ordinate. 


Curve B shows the inductance of the same core after demagnetization, this process being carried out after each test in finding curve A. 


carried out to find in what position a coil of core will 
yield the highest inductance after demagnetizing, and 
once this position is found all subsequent coils should 
be placed in it for demagnetization. The position 
depends on the magnetic meridian and dip at the 
place and the proximity of masses of iron or strong 
local fields. The importance of this precaution is 
greater with tape loading than with wire loading, as the 
latter is less affected by stray fields. 

After this process has been carried out special pre- 
cautions are taken against the material again becoming 
magnetized; the current used for any tests is kept 
to a low value, etc., but of course the core is still subject 
to the effects of the earth’s field. 

Fig. 13 shows the loss of inductance of a particular 
tape-wound conductor after applying successively 
increasing direct currents, which shows the importance 
of limiting the direct current in tests taken after the 
demagnetizing process. 

Mechanical stresses.—The permeability is also very 
quickly affected by mechanical stress. The wire load- 
ing must not be tightly bound around the conductor, 
and a number of patents have been taken out to avoid 


‘VoL. 66. 


nection it has also been noticed that a core whose con- 
ductor has been subjected to strain will have a higher 
added resistance than another core of the same inductance 
that has not been strained. 

From the formula for added resistance on page 152 
(which neglects hysteresis), it can be seen that the 
added resistance varies as the square of the perme- 
ability, i.e. as the square of the inductance. Hence 
for any given construction of core the added resistance 
should only vary with the inductance, and the tests 
give some indication as to whether the core is being 
strained. 

It can be seen that, as the characteristics are liable 
to be affected by magnetic fields and strain, it is to be 
expected that a percentage of the inductance will be 
lost during the processes of sheathing, loading on board 
ship and paying out under strain in the earth’s field. 
In practice this is found to be the case and a figure of 
15 per cent loss from the demagnetized values seems to. 
be suitable for use in designing, but the actual results: 
obtained have been found to vary considerably in 
different cases, for reasons which are not yet clear. 
In addition it is not always possible to obtain very 


11 
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definite figures for the inductance when laid, owing to 
possible variations in other characteristics. 

Before commencing to calculate the attenuation 
some 15 per cent should, however, be deducted from 
the inductance obtainable in the factory, and the added 
resistance must also be suitably corrected. A reduction 
of 27-8 per cent in the added resistance corresponds 
to the 15 per cent reduction of permeability, assuming 
that the added resistance varies as the square. This 
only applies strictly to the lower current values ; 
owing to the hysteresis losses, the added resistance 
does not vary as the square of the inductance with the 
higher currents. 

To these figures must be added estimates for the 
natural inductance of the cable and the additional 
resistance due to the earth return, as mentioned on 
page 145. The natural inductance and earth return 
resistance vary with the frequency and do not follow 
the same curves for different types of cable, as they 
are also affected by the size of the sheathing wires, etc. 

The natural inductance at telegraphic frequencies 
lies between 1 and 3 mH per nautical mile, and the 
earth return resistance can be taken as roughly 
0-005 ohm per cycle, i.e. at 30 cycles it would be 
0-15 ohm per nautical mile. 

Calculation of actual overall attenuation.—Suficient 
data have now been obtained to enable the overall 
attenuation to be calculated. The following example 


Curent, mÀ ww eects 100 80 


The electrical data assumed for the core (demagne- 
tized values) are as follows :— 


Added inductance = 117-6 mH per nautical mile at 
5 mA and 50 cycles. 

Added resistance = 0-95 ohm per nautical mile at 
5 mA and 50 cycles. 

Conductor resistance at 75°F. = 2:456 ohms per 
nautical mile. 

Or 2-27 ohms per nautical mile at sea temperature 
(40° F.). : l 

Capacity at 50 cycles under sea-bottom pressure and 
temperature = 0-38 uF per nautical mile. 

Leakance at 50 cycles and sea-bottom pressure and 
temperature = 1:97 micromhos per nautical mile. 


The added inductance as core must be reduced 
l5 per cent, which brings it to 100 mH per nautical 
mile laid, and the corresponding value for the added 
resistance is 0-69 ohm per nautical mile laid. 

(The real object of this calculation was to obtain the 
probable overall attenuation assuming 100 mH per 
nautical mile laid.) 

The mean inductance and added resistance for the 
cable being known for one current strength, the values 
for other currents can be taken from curves found by 
experiment on that core, similar to those given in 
Figs. 7, 8 and 9, and a table can be made up as 
follows :— 


40 30 20 10 5 0 
118-7 | 112-4 | 107-5 | 102-4 | 100 97:7 
1-5 1-5 1-5 1-5 1-5 1-5 


E | ee renee | apap ess | Oe ED 


Inductance (mH per naut. mile) 204-5 | 161:4 
Added for natural inductance 1-5 1-5 
Effective inductance—latd .. .. | 206-0 | 162-9 


ee A n_n | i a 


Added resistance, ohms per naut. mile 52-4 18-84 
Conductor resistance at 40° F. + sea 
return resistance of 0-34 ohm per 


eS | ata | rs |S | | crm rn | rs | AAN 


naut. mile... ds be se 2:6 2-61 
Effective resistance—latd bi -. | 55-0 21-45 


of the working out, based to some extent on a recent 
case, will serve as a summary of the foregoing notes on 
the subject. 


Current, mA oe as De bs 100 80 40 


With the above figures and the known data for the 
other characteristics, the attenuation per nautical 
mile can be calculated, with the following results :— 


Attenuation per naut. mile.. | 0-03813 | 0-01705 | 0-00622 | 0-00530 | 0-00463 | 0-00400 | 0-00370 | 0-00342 


The cable under consideration is to be 2 000 nautical 
miles in length and the loss of inductance in laying is 
assumed to be 15 per cent from the demagnetized 
values. 


These results can conveniently be plotted on a curve, 
as in Figs. 14 and 15, to enable intermediate values to 
be obtained. 

The calculation of overall attenuation has to be made 
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in steps, which in the following example are definite 
current falls. 

The actual lengths of cable necessary to attenuate 
the current between the definite figures are calculated 
in each case. 


‘Attenuation per nautical mile 


3 
Current in cable, in milliamperes 
Fic. 14. 


The process of arriving at the lengths is as follows: 
I, =100mA, I, = 90mA, then I, = I,e, where 
a = attenuation per nautical mile for the mean 
current (95 mA), and ? = the number of nautical miles 


0-040 


Attenuation per nautical mile 


0-010 


0 20 40 60 80 100 
Current, in milliamperes 
Fic. 15. 


of cable required to attenuate the current from 100 mA 
to 90 mA. As a is known, / can readily be found. It 
will be noticed that for the same ratio of currents 
IJI, the al (which is in fact the Napierian logarithm 
of the ratio of the currents I/I) must always be 


the same, whence / varies inversely as a. If instead 
+ 


of reducing the current in uniform steps the current 
ratios I,/I, are made constant, al will be a constant. 
This gives an alternative method and resembles the 
“standard mile ” of cable used in telephone work. It 
is possibly a better way from a theoretical standpoint, 
but a great many steps would be required before small 
currents were reached. 

Whichever method is employed the attenuation is 
calculated in steps until the current has reached 
1 mA, and the length of cable to this point is then 
obtained by addition, after which the attenuation for 
the rest of the proposed length is considered to be the 
attenuation per nautical mile at zero current multiplied 
by the remaining length. 


TABLE 1. 
a for mean Length in which 
Current current (from current falls a X length 
curve) to lower value 
re naut. miles 
ut. 

EN 0-0302 3-49 0-105 
80 0:0205 5-74 0-118 
70 0-0146 9-14 0-134 
60 0:0109 14-14 0-154 
50 0-0084 21:70 0-182 
40 0-00675 33-05 0:223 
30 0: 00580 49-59 0-288 
20 0-00495 81-90 0-405 
10 0-00430 161-15 0- 693 
5 0-00385 180-00 0-693 
1 0-00349 448-20 1-609 

1008-10 

ee zero 29 

attenuation 0: 00342 991-90 3:394 
2 000-00 8-000 


Table 1 shows the values for the above case, assuming 
2 000 miles of cable. 

Formulz have been worked out to enable the overall 
attenuation to be calculated direct; in these an 
integration is substituted for the step-by-step calcula- 
tion, but unless the variation of the characteristics with 
current is assumed to be linear the integration is very 
complicated. 

Assuming the 100 mA maximum ingoing current to 
be correct and neglecting any reflections, the received 
current in the above case would be 33-5 pA. How- 
ever, the impedance is falling from the sending end 
owing to the decreasing value of the inductance as the 
current falls, and accordingly there is some reflection, 
which will result in the received current being higher 
than that given by the total attenuation of 8-0, while 
the received voltage will be lower. The maximum 
possible value for the current would be 39-6 uA in the 
above case if the change of impedance were not 
distributed. 
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INGOING IMPEDANCE AND RECEIVED CURRENT. 
The actual value of the ingoing impedance depends 
on the current, and the value can be found by trial if 
required. The impedance has been worked out for a 
number of values of inductance and a curve has been 


800 


Ingoing impedance, in ohms 
O 
© 
© 


0 20 40 60 80 100 
Sending current, in milliamperes 
Fic. 16. . 


plotted (Fig. 16). The sending voltage being known, 
a value for the ingoing impedance is found which falls 
on this curve and satisfies Ohm’s law. 

Ingoing impedances as measured on laid cables do 
not reach the higher theoretical values, the reason 
being that the actual impedance depends on the 
characteristics of the cable for a considerable distance 
from the sending end, where the currents are less. 

It is not of great importance to determine this very 
accurately, as the following extreme examples will show. 

In the present case we have the following values 
for Zo :— 

If L = 100 mH per nautical mile, Zọ = 512 ohms. 

L = 200 mH per nautical mile, Z) = 725 ohms. 


The ingoing current with a sending voltage of 
50 volts would be 98 mA in the first case and 69 mA 


in the second, and if we assumed the latter to be the 
more correct we should commence our calculation of 
overall attenuation, as shown above, at 70 mA and not 
at 100. According to our calculation the current was 
attenuated from 100 to 70 in 9-14 miles, the total 
attenuation to this point being, by addition, 0-357. 
Therefore if we commence our calculation at 70 mA we 
must deduct 0:357 from the overall attenuation pre- 
viously found, and add the attenuation due to 9-14 
nautical miles at ‘“‘ zero ” current, which is 0-031. 

The overall attenuation, therefore, commencing at 
70 mA, will be 7-674 instead of 8-000 when com- 
mencing at 100 mA, and the received current will be 
32:5 uA instead of 33-5, from which it can be seen 
that any error in assuming the value for the sending 
current makes little difference so far as the calculation 


- Of the received current is concerned. 


It also follows that an increase of sending voltage 
does not necessarily result in appreciable increase of 
received current, and that a lower overall attenuation 
is not necessarily any advantage if accompanied by a 
higher ingoing impedance ; so that it is not sufficient to 
consider attenuation alone (as mentioned on page 150). 

If the attenuation is calculated as shown on page 155, 
with a definite sending voltage, and assuming the send- 
ing-end impedance to be known, the received current 
can be obtained. Knowing the characteristic impedance 
at the receiving end (Z,), the received voltage follows 
at once from V, = Z,I,. The attenuation of the cable 
as calculated from the ratio of the sending voltage to 
the received voltage will not be the same figure as the 
attenuation obtained by the current calculation, as 
discussed on page 150, and it therefore follows that if 
the overall attenuation of a cable is specified it is 
important to state whether the attenuation referred to 
is that of current or voltage. 

In Table 2 a possible method of calculating the 
received current and voltage in the case of a non- 


TABLE 2. 


A method of calculating the received current and voltage in a non-uniform loaded cable where second reflections ave 
neglected. The values for Z and a for each length are found from curves by trial. 


Characteristics of each length for average current 


Current at receiving end of each 
length 


Length of 
sections with 
uniform 
characteristics a al eat Z Received ao e] Received 
Nautical mA mA v 
miles — = 400 aoe 
400 0-0086 3°440 31:2 134 12:8 0:67 8-58 1-73 
100 0-0070 0-700 2°01 266 4°27 0:827 3°53 1-14 
100 0:0051 0-510 1-66 377 2°13 0-941 2:00 0-801 
mV 
100 0:00467 0-467 1-60 423 1-25 0- 927 1-16 531 
pA BA 
100 0-00433 0- 433 1-54 489 753 0-890 670 369 
- 100 0-00379 0-379 1-46 602 459 0-93 427 278 
100 0-00348 0-348 1-42 698 301 0-89 268 209 
1 000 0-00338 3°380 29-4 862 9-] — — 7-9 
2 000 — 9-657 — 862 9-1 0-356 — 7-9 
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uniform cable is set out; this could also be used as a 
correction in the previous example. - 

The product of the received current and impedance 
at each stage should give the received voltage and it 
is not necessary to calculate the voltage throughout as 
has been done here for purposes of illustration. 

The following is a summary of the results :— 


Overall attenuation (by addition) 9- 657 
Current which would be received according 

to this attenuation . T os .. 25-6 pA 
Actual current received, allowing for reflection 9:1 pA 
True overall attenuation for current.. 10-69 
Actual voltage received rr T 7:9 mV 
True overall attenuation for voltage.. 8:82 


The product of the total transmission coefficients 
for current and voltage gives a similar coefficient for 
power, in this case 0-822. 


. CONSTRUCTION, 


The actual construction of the core in the factory 
provides a number of problems. If wire loading is 
used the winding process is necessarily slow and a 
large number of machines must be used. The wire is 
put on in a single layer only and only one wire can be 
used, otherwise the increasing length of lay tends to 
throw away the advantage gained by the use of wire 
instead of tape. Tape winding is quicker and there- 
fore cheaper, but the actual disadvantages are 
(1) higher added resistance due to the freer path for 
eddy currents, and (2) increased variations of inductance 
with position in the earth’s field, due to longer lay. 

It would be difficult to say at present whether tape 
or wire loading will ultimately prove the more econo- 
mical in design. e j 

Annealing.—The annealing process has been referred 
to several times in the paper. The permeability varies 
greatly according to the annealing temperature and the 
rate of cooling. The best conditions for any given 
case depend on the size of conductor and the composi- 
tion of the material, and the treatment is settled by 
trial in each case. 

Covering with gutta-percha.—The normal difficulties of 

this special process are increased by the layer of 
viscous compound which of necessity has to surround 
the conductor. _ 
_ Any air remaining in the interstices of the loaded 
conductor would be liable to squeeze out under sea- 
bottom pressure and form faults, and special precau- 
tions have to be taken to avoid this. i 

The conductor itself is, of course, not solid but is 
usually made up of a solid centre wire surrounded by 
copper strips, forming a more perfect cylinder than 
stranded wires could.. 

Sheathing.—The subsequent operations of surrounding 
the core with brass tape, jute, and sheathing wires suitable 
to the locality and depth in which it will be laid, are 
normal and need not be described. 

Tests during manufacture.—Throughout the manu- 
facture the electrical testing is of great importance. 

Tests of the inductance of the loaded conductor 
before covering with gutta-percha are made to check 
that the annealing is satisfactory. The cores, after 


being covered with gutta-percha, are tested . for 
inductance and added resistance and, after a standard 
interval of time, for the usual d.c. characteristics. 

Samples of core are tested for leakance and induct- 
ance under various conditions of temperature and 
pressure. Sundry special tests are usually made to 
determine the variations of inductance and resistance 
with current and frequency. | 

Tests after laying.—After the laying of the cable has 
been completed, official tests are carried out to determine 
whether it complies with the guarantee conditions. 
Such tests normally include measurements of the 
insulation, capacity and conductor resistance of the 
cable and also measurements of the received current or 
attenuation under certain specified conditions. In 
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addition to these tests numerous special measurements 
are made to determine the characteristics of the laid 
cable. 

Various methods are used for measuring the attenua- 
tion; they all present difficulties which arise in the 
first case from the absence of any accurate but simple 
method of measuring very small alternating currents 
or potentials. Current measurements can be made by 
rectifying the received current mechanically by means 
of an oscillating fork in synchronism with the received 
current, the rectified current being measured on a 
calibrated galvanometer, this giving the average (not 
R.M.S.) value. - 

A difficulty with this method is to determine the 
impedance between the cable end and earth exactly, 
as the impedance of the galvanometer, which forms 
part of the total, is not independent of its deflection 
when rectified alternating current is passing through 
the coil. 

Voltage measurements can be made by the use of a 
rectifying valve and amplifier, the resultant deflection 
on the galvanometer being reproduced by the applica- 
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tion of a known variable potential to the system. In 
this case the impedance of the measuring apparatus 1S 
very high and the measured voltage can be considered 
to be double that obtainable across the characteristic 
impedance of the cable. It is, however, important 
that the local e.m.f. applied for calibration should be 
of pure sine-wave form; and the effect of any steady 
potential or disturbances from the cable must be 
guarded against by the use of some sort of tuned 
circuit in conjunction with a transformer. 

Various combinations of this apparatus can be 
employed, and thermo-couples are also used in place of 
the galvanometer, to avoid rectification. 

Reasonably accurate results are obtainable by all 
these methods. 


740 


720 


Resistance, in ohms 


~+t it} ti td 
AT | tt tf 
HIN + 


frequency, but at higher frequencies, when wL and wC 
are large compared with R and G respectively, the 
curve tends to become horizontal. The attenuation is 
then given by the equation 


A AN 
— ONL INO 


and is only affected by the frequency in that the 
characteristics themselves vary. 

Therefore if the upper portion of the curve is produced 
back to cut the ordinate (zero frequency) the point of 
intersection will give the solution of the above equation 
for the case when the characteristics are those at zero 
frequency. (This solution will not represent the 
attenuation at zero frequency, which is obviously zero.) 


Frequency, in cycles per sec. 


Fic. 18.—Variation of characteristic impedance with frequency. Testing current = 1 mA. 


The attenuation as obtained from the ratio of the 
sending current to the received current is not the same 
as that obtained by voltage measurements, as referred 
to on page 150, and in the case of the Fanning Island- 
Suva (Fiji) cable the following figures were obtained. 

Mean of attenuation in both directions at 21 cycles per 
second when sending 60-volt square-topped reversals :— 


Current .. 7-01 Voltage .. 7:33 


. Attenuation measurements are made with a number 
of different sending voltages, the frequency remaining 
constant, from which by plotting the results the ‘‘ zero 
current ” attenuation for that frequency can be obtained. 

Similar trials can be made at a number of frequencies, 
and by plotting these a curve showing the variation of 
zero current attenuation with frequency is obtained. 

At the lower frequencies, say up to about 10 cycles 
per sec., the attenuation is largely a function of the 


The leakance and added resistance disappear at 
zero frequency and the capacity and conductor 
resistance can be obtained separately by other tests ; 
accordingly a value for the inductance of the laid 
cable can be deduced from these tests. The inductance 
does not vary appreciably with frequency. 

-Measurements are also made both with square- 
topped and sine-wave transmission; the received 
current is usually somewhat higher in the former case, 
which is attributed to a reduction in the hysteresis 
loss at the head end owing to the “ flutter effect ” of 
the higher frequencies present in the square-topped 
signals, When the attenuation curves for square- 
topped and sine-wave transmission are plotted against 
voltage the curves approach each other as the voltage 
is reduced, and very good agreements are obtained by 
experiment, the zero-voltage values coinciding. 

A series of curves is given in Fig. 17, showing the 
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received currents at various frequencies over a range of 
voltages. These show how rapidly the received current 
decreases with increasing frequency and they also 
bring out the point that at higher frequencies the 
received current is not increased by raising the sending 
voltage. 

These curves are from tests made by the Telegraph 
Construction and Maintenance Co. on the Pacific cable 
from Vancouver to Fanning Island, with sine-wave 
transmission. 

Another interesting test is the measurement of 
received power with unvarying sending conditions, 
using a series of different impedances of the receiving 
instrument. The maximum power (I?R) should be 
given when the impedance of the receiving instrument 
equals the characteristic impedance of the cable for 
very small currents. 

The impedance is measured with various currents 
and frequencies. The higher the frequency the shorter 
is the length of cable whose characteristics affect the 
sending-end impedance, and accordingly a graph of the 
sending-end impedance at different frequencies shows 
considerable irregularities which are connected with the 
uneven distribution of inductance along the cable, 
Some idea of the distribution can be formed by this 
means. Such a graph is given in Fig. 18. 

With all these data some idea of the inductance of 
the laid cable can be formed by assuming values for 
the other characteristics. The capacity is, however, 
not very certain nor can it be. accurately measured. 
Measurements of capacity of laid cables by means of 
Gott’s and similar tests, besides presenting considerable 
difficulty in long cables, are not in themselves satis- 
factory for this purpose as they do not differentiate 
between capacity and absorption. 

The only value for capacity that can be assumed is 
that given by alternating-current tests on short samples 
at the factory. 

In practice a number of possible values for the 
capacity are assumed and trials are made to find what 
laid inductance best fits in with the data. 

In addition, however, one further test of considerable 
interest is possible. 


TIME OF PROPAGATION. 


On page 141 it was stated that in the cable devoid 
of inductance the contacts at the sending end must be 
maintained for a sufficient period for the received cur- 
rent to reach the steep portion of the arrival curve. 
Clearly a different state of affairs must prevail in the 
loaded cable, but so far only the attenuation has been 
considered and the phase shift along the cable has been 
neglected. 

The full formula for the wave-length constant is 


B = V GLV (R + w®L*) (G? + w203) — (RG — w*LO)), 


which is identical with the full attenuation formula 
except for the minus sign between the two terms. 

By making the same assumptions as in dealing with 
the attenuation formula when wL is large compared 
with R and wC great compared with G, this reduces to 


B = w/(LC). 


The wave-length is the distance between points at 
which the current is in phase, and is given by the 
expression 27/8. 

The time of propagation can be measured by repeating 
suitable signals backward and forward over the line and 
receiving them on a time-calibrated oscillogram record- 
ing also the outgoing signals. A siphon recorder can 
also be used in place of an oscillograph, with some 
reduction of accuracy. This affords probably the 
simplest method in practice of determining the actual 
inductance of the cable when laid; but, as in the other 
cases, it is assumed that the capacity is known. In 
order to get a satisfactory result all the methods have 
to be compared. 

Taking the cable whose attenuation for a frequency 
of 50 cycles per sec. was calculated on page 155, and 
assuming a laid inductance throughout of 100 mH per 
nautical mile, we find B = 27504/(100 x 0-38 x 1073) 
= 0:06125, whence the wave-length l = 27/0:06125 
= 102-6 miles. 

Therefore if reversals are being transmitted into the 
cable at 50 cycles per sec. they will travel 102-6 miles 
in 0-02 sec. (or the ‘‘ speed of propagation * will be 
5 130 miles per sec.) and the “time of propagation ”’ 
over 2000 miles will be 0-39 sec. As each complete 
cycle represents two signals we can say that there 
would be 39 signals, practically corresponding to 
10 letters of the alphabet “in transit ” in the cable at 
any given instant during working. 

The time of propagation on the Northern Pacific 
section, Vancouver to Fanning Island, 3466 nautical 
miles in length, was measured to be 0-67 sec. 

An exact calculation of the wave-length, if it were 
required in designing a cable, would have to be carried 
out on lines similar to those used for calculating the 
overall attenuation, allowing for the variations of the 
characteristics with current. As the speed of propa- 
gation varies with the current it follows that the speed 
of propagation of a cross letter (formed of reversals) 
cannot be quite identical with that of a letter formed 
of a block of one sign, e.g. a letter “ H” sent with 
100 per cent marking, so far as the head-end portion of 
the cable is concerned. This must tend to produce a 
slight amount of distortion which would, however, be 
less with lower.than with higher sending voltages. 

The most interesting test, perhaps, to the designer is 
the actual speed trial with signals. The difficulties in 
obtaining apparatus to operate at the high speeds 
have been largely overcome and it seems likely that 
the speeds obtainable will ultimately be limited by 
the extraneous disturbances, when the speed of working 
is so high that the received currents are very small, as 
in the old type of cable. 


SEA EARTH AND DISTURBANCES. 


To reduce this interference all loaded cables have 
been constructed with long sea earths, and further 
special precautions have been taken. The line and 
earth cores of the twin core portions of such cables 
have been specially selected to have the same electrical 
characteristics at any point, special coils of core being 
chosen after the tests; in fact it is probable that an 
unnecessary amount of care has been taken over this 
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balancing. In addition, the earth cores have been 
terminated at the seaward end with resistances repre- 
senting the characteristic impedance of the cable. In 
consequence of these precautions any disturbances 
arising in the twin core portion should distribute them- 
selves equally in the line and earth cores and should 
arrive at the receiving station simultaneously and with 
equal and opposite magnitude. 


DUPLEX OPERATION. 


No mention has so far been made of the possibility 
of duplexing such a cable. If Fig. 4, showing the 
duplex of an unloaded cable, is examined it can be 
seen that the duplexing, on similar lines, of a loaded 
cable with its characteristics varying from moment to 
moment with both current and frequency requires an 
artificial line of an extremely complex nature; in 
fact, the difficulties at a commercial speed at present 
appear insurmountable. 

Accordingly, while a loaded cable may give at least 
10 to 12 times the simplex speed possible with an 
unloaded cable of similar core dimensions, its actual 
traffic-carrying capacity is only 5 or 6 times as great. 
By using automatic apparatus and working first in 
one direction and then in the other for comparatively 
short intervals, what is in effect a duplex at half the 
simplex speed is obtainable. 


CONCLUSION. 


The development of submarine telegraphy has now 
been traced up to the present date (1927) and it:can 
be seen that the advances of the past few years have 
been of a fundamental character. 


Not only are higher speeds attainable but it is no 
longer of such paramount importance to keep new 
cables as short as possible; a cable can be designed 
to work at a given speed over almost any desired length 
and probably this will gradually modify the lay-out of 
the whole of the world’s submarine cable system. 

Some little time will probably elapse before the 
cable companies and the cabling public settle down to 
the considerably changed conditions arising from the 
rapid advances of the past few years, and until then 
there will hardly be much demand for further extensions. 

While the broad outlines have been touched on in 
this paper there is a great deal of important detail to 
which it has been impossible even to refer, and con- 
siderable modifications and improvements in design are 
likely to be incorporated in any new cables. 

The reliability with which a cable can be worked 
24 hours per day, year in and year out, ensures that 
cable telegraphy will for a long time to come prove 
more satisfactory than wireless for maintaining com- 
munication between two points, particularly when 
dealing with a large and steady volume of traffic ; 
and although the capital cost of a cable and its equip- 
ment is higher than that of a wireless system, the 
operating costs are much lower, as is also its rate of 
depreciation. 

In general, cable rates are lower than before the war 
and greater facilities are available, a state of affairs 
which is unfortunately not too common. 

In conclusion the author would like to express his 
thanks to Messrs. Clark, Forde and Taylor for permis- 
sion to make use of their records and for assistance in 
the preparation of this paper, 


INSTITUTION NOTES. 


161 


INSTITUTION NOTES. 


Unauthorized Use of I.E.E. Membership Initials 
or Similar Initials. 


In the Chancery Division, before Mr. Justice Romer, 
on the 9th December, 1927, E. M, Austin, of 143, 
Farringdon-road, London, E.C.1, consented to the 
granting of a perpetual injunction restraining him from 
using the initials “ A.I.E.E.” or any other initials or 
designation implying or calculated to lead to the belief 
that he is a member of, or otherwise connected with, 
the Institution. The defendant also agreed to pay the 
costs of the motion. 


Discussions at Meetings. 


The Council wish again to remind members that the 
remarks of speakers at the meetings of the Institution 
should not be read from manuscript, the view being 
held that the presentation of remarks in this manner 
is contrary to the true spirit of a “ discussion ” and 
that contributions in manuscript should more appro- 
priately be sent to the Secretary for publication in the 
Journal as “ communicated remarks.” It is therefore 
hoped that those taking part in discussions will confine 
themselves as far as possible to the use of notes only. 


Associate Membership Examination. 


It has been decided that in future the Examination 
in England will be held in May and November of each 
year, instead of in April and October as in the past. 
The next examination will take place in May, 1928. 
Entry forms should be submitted to the Secretary of 
the Institution, from whom all particulars may be ob- 
tained, by the Ist April for the May Examination and 
the lst October for the November Examination, 


Associate Membership Examination Results: 
October, 1927. 


Passed.* 


Aldridge, S. W. (Huddersfield). 
Allcock, H. J. (London). 
Almond, J. (Farnworth, Lancs.). 
Barnard, H, L. (London). 
Barnes, R. W. (Chesterfield). 
Bawden, S. J. (Devonport). 
Bott, F. A. N. (Ruddington). 
Catterall, G. Sartai 
Coomber, R. E. (Worcester). 
Davies, E. W. (Llanelly). 
Dunstan, F. P. (London). 
Gainer, H. (Birkenhead). 
Ganly, R. E. (Rugby). 

Harris, A. H. (London). 
Higham, J. B. J. (Treforest). 


* This list also includes candidates who are exempt from, or who have 
previously passed, a part of the Examination and have now passed in the 
remaining subjects, 


Hoban, H. C. (Gravesend). ` 
Howarth, T. (Pendleton, Lancs.). 
Hughes, W. H. (Wolverhampton). 
Kerr, A. N. D. (London). 

Lebbon, W. P. (H.M.S. “ Ramillies ’’). 
Lironi, T. V. (Southsea). 

Mansbridge, F. R. J. (London). 
Marsh, E. R. (Shiplake-on-Thames). 
Nuttall, E. M. (Newton Abbot). 
Passmoor, J. (Sunderland). 

Powell, A. G. (Derby). 
Prince-Stevenson, W. A. (London). 
Ramsay, W. G. (Manchester). 
Roberts, A. (Neston). 

Rudd, C. H. (Barnstaple). 

Sandys, G. H. (Belfast). 

Skelcher, F. W. (Birmingham). 
Smith, W. C. (Sutton, Surrey). 
Snoxell, R. E. W. (Bedford). 

Tabb, C. S. (Plymouth). 

Willey, J. M. (Heaton, Northumberland). 


Passed Part I only. 


Baskett, C. A. R. (Southampton). 
Boiston, A. (Newcastle-on-Tyne). 
Conway, C. D. (Netley Abbey). 
Davies, H. C. (Bridgend). 

Foot, J. B. L. (Southampton). 
Gaskell, J. L. (Leicester). 
MacDonald, I. K. (London). 
Mackim, A. P. (Glasgow). 
Watkins, O. F. J. (London). 


Passed Part II only. 


Adams, R. A. (St. Austell). 
Brooks, J. J. (London). 
Cuttler, N. (Accrington). 
Finding, W. (Hounslow). 


Further results, relatmg to candidates who sat for 
the Examination abroad, will be published later. 


Proceedings of the Wireless Section. 


65TH MEETING OF THE WIRELESS SECTION, 
7TH DECEMBER, 1927. 


Lieut.-Col. A. G. Lee, M.C., B.Sc., 
Section, took the chair at 6 p.m. 

The minutes of the meeting of the Wireless. Section 
held on the 2nd November, 1927, were taken as read 
and were confirmed and signed. 

A paper by Mr. R. H. Barfield, M.Sc., Associate 
Member, entitled “* The Attenuation of Wireless Waves 
over Land ” was read and discussed. 

On the motion of the Chairman a vote of thanks to 
the author was carried with aia and the 
meeting terminated at 7.50 p.m. 


Chairman of the 
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Informal Meetings. 
93RD INFORMAL MEETING, 24TH OCTOBER, 1927. 


Chairman : Mr. Archibald Page (President). 

Subject of Discussion : “ What is required to ensure 
the Comprehensive Distribution of Electricity ” (intro- 
duced by the President, Mr. Archibald Page). 

Speakers : Messrs. A. F. Harmer, W. E. Warrilow, J. 
Townley, C. F. Mounsdon, R. Borlase Matthews, W. C. P. 
Tapper, J. W. Moffatt, A. C. Johnson, J. I. Bernard, 
J. N. Robertson, C. Wyatt, T. O. K. Wylie and W. L. 
Wreford. 


94TH INFORMAL MEETING, 7TH NOVEMBER, 1927. 


Chairman : Mr. W. E. Highfield. 

Subject of Discussion: ‘‘ Recent Developments in 
Electro-Medical Appliances ” (introduced by Mr. C. H. 
Holbeach). 

Speakers: Messrs. W. E. Rogers, W. P. Granville, 
H. T. Young, W. Lang, A. J. N. Kennett, A. Morgan, 
H. B. Gough, Lieut.-Col. H. P. T. Lefroy, D.S.O., M.C., 
Messrs. P. Dunsheath, O.B.E., F. E. Kewley, E. S. 
Ritter, R. A. MacMahon, W. L. Wreford, J. F. Shipley 
and W. E. Highfield. 


95TH INFORMAL MEETING, 21ST NOVEMBER, 1927. 


Chairman : Mr. J. R. Bedford. 

Subject of Discussion: ‘‘ Automatic Telephony ” 
(introduced by Mr. W. Day). 

Speakers: Messrs. W. H. Grinsted, G. W. Ham- 
mond, H. E. Morrish, A. F. Harmer, W. K. Wylie, A. G. 
Hilling, A. B. Eason, T. McGrath, A. C. Johnson, E. S. 
Ritter, W. Lang, G. F. Bedford, D. H. Gresswell and 
J. R. Bedford. 


96TH INFORMAL MEETING, 5TH DECEMBER, 1927. 


Chairman : Mr, C. L. Lipman. 

Subject of Discussion: “ Air Heating and Condition- 
ing ” (introduced by Mr. N. E. Jackson). 

Speakers : Messrs. W. K. Wylie, J. F. Shipley, W. E. 
Rogers, A. E. Harris, W. A. Erlebach, W. J. Minton, 
E. S. Ritter, M. Whitgift, R. Grierson, J. R. Bedford 
and W. H. Apthorpe. 


The Benevolent Fund. 


The following is a list of the Donations and Annual 
Subscriptions received during the period 26 November- 
31 December, 1927 :— 


£ s.d. 
Brewis, 1 M. (Manchester) .. Zi .. 1 0 0 
Briggs, R. A. (Derby) . 7 6* 
Campbell, A. J. (Auckland, N. Z.) 5 0 
Deane, R. H. A. (London) 5 0 
Gates, A. G. (Norwich) Kio 2 10 0 
Grover, E. E. (Hexham-on-Tyne) T da 10 6 
Higman, H. P. L. (Barcelona) ‘ ae) 100 
1.E.E. Summer Meeting Se as .. 73 12 3 
Marsh, T. E. (Hoylake) 1 0 0 
Roberts, A. J. (London) 5 0 
Scott, G. I. (London) . ai pi 10 0 
Walter, C. M. (Birmingham) . g? as E 10 
Wright, V. A. (Wallasey) sh P 5 0 
Young, H. T. (London) ws ES -» 1 1 0* 
Young, H. T. (London) : i .. 6 6 O 


* Annual Subscriptions. 
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Accessions to the Reference Library. 


ANNETT, F. A. Electric elevators. Their design, con- 
struction, operation and maintenance. 
8vo. 459 pp. New York, 1927 


AUERBACH, F. Moderne Magnetik. 
8vo. 312 pp. Leipzig, 1921 
BARKHAUSEN, H. Elektronen-Réhren. 2 Bd[e]. 


8vo. 2e Aufl. Leipzig, 1924-26 


Bd. 1, Elektronentheoretische Grundlagen, Verstirker. 
Bd, 2, Robrensender. 


Barrows, H. K. Water power engineering. 
8vo. 743 pp. New York, 1927 
Broc, L., editor 
Lichttechnik. Von W. Bertelsmann—L. Bloch—G. 
Gehlhoff—A. Korff—Petersen—H. Lux—A. R. 
Meyer—G. R. Myls—W. Wechmann—W. Wedding. 
Erweitete Wiedergabe einer Vortragsreihe ... 
veranstaltet von der Deutschen Beleuchtungstech- 
nischen Gesellschaft vom 13. bis 18 Sept. 1920. 
Herausg. von L. B. 8vo. 610 pp. München, 1921 
Bose, Sir J. C. Collected physical papers. g 
8vo. 417 pp. London, 1927 
BRAYMER, D. H., and Roe, A.C. Repair shop diagrams 
and connecting tables for induction motors. 
8vo. 245 pp. New York, 1927 
BRITISH ELECTRICAL & ALLIED MANUFACTURERS’ Asso- 
CIATION (INc.). Combines and trusts in the elec- 
trical industry : the position in Europe in 1927. 
4to. 182 pp. London, 1927 
BROUGHTON, H. H. Electric winders. A manual on 
the design, construction, application and operation 
of winding engines and mine hoists. 
4to. 402 pp. London, 1927 
CARPENTIER, E. Code des distributions d’électricité 
(Energie thermique et hydraulique). 


_ sm. 8vo. 422 pp. Paris, 1925 

CHEVALLIER, H. Cours pratique .d'électricité indus- 
trielle. tom. 2, 3. (2, 3e éd.; 3, 2e éd.) 

8vo. Paris, 1921-22 


CLAYTON, A. E., D.Sc. The performance and design of 
direct current machines. A textbook . . . cover- 
ing the syllabuses of the B.Sc. (Eng.), the A.M.I.E.E., 
and other examinations in this subject. 

8vo. 430 pp. London, 1927 

Courtoy, F. Production économique de l'électricité 

dans les régions industrielles. . 
8vo. 308 pp. Paris, 1919 
CROWTHER, J. A., M.A., Sc.D. Molecular physics and 


the electrical theory of matter. 4th ed. 
sm. 8vo. 210 pp. London, 1927 
Davip, P. Les filtres électriques. Théorie—construc- 


tion—applications. Préface de M. le Géneral Ferrié. 

8vo. 128 pp. Paris, 1926 

ELECTRICITY COMMISSION. Electricity (Supply) Act, 

1926. South East England Electricity Scheme, 

1927. Prepared by the Electricity Commissioners 

in pursuance of Section Four of the Electricity 

(Supply) Act, 1926. Published by Order of the 

Central Electricity Board. 

~. 8vo. 12 pp. London, 1927 
Supplementary particulars. 

la. 8vo. 93 pp. London, 1927 


Ditto, ditto. 
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ENGEL, A. von. Bihnenbeleuchtung. Entwicklung 
und neuester Stand der lichttechnischen Einrich- 
tungen an Theaterbiihnen. o 

8vo. 180 pp. Leipzig, 1926 

FLEMING, J. A., M.A.,'D.Sc., F.R.S. The interaction 
of pure scientific research and electrical engineering 
practice. A course of advanced lectures, Univ. of 
London, Oct. and Nov., 1926. 

Svo. 245 pp. London, 1927 

FróLicH, H. ‘Beitrag zur Berechnung von Mastfun- 
damenten. 2e Aufl. 

la. 8vo. 80 pp. Berlin, 1921 

GEAR, H. B., and WiLLiams, P. F. Electric service 
distribution systems. Their design and construc- 
tion. 3rd ed. 8vo. 496 pp. New York, 1926 

GODDARD, F. The four-electrode valve. 


sm. 8vo. 105 pp. London, [1927] 
—— The thermionic valve. 
sm. 8vo. 192 pp. London, [1927] 


GUNTHERSCHULZE, A. Electric rectifiers and valves. 
Transl. and revised by N. A. de Bruyne. 
8vo. 221 pp. London, 1927 
GuTTon, C. Génératrices de courants et moteurs 
électriques. 3e éd. 8vo. 302 pp. Paris, 1927 
HARRISON, H. H. The elements of telephone trans- 
mission. sm. 8vo. 154 pp. London, 1927 
Hurcainson, R. W. Junior technical electricity. 
8vo. 393 pp. London, 1926 
IBBETSON, W. S. Electricity for marine engineers. 
sm. 8vo. 171pp. London, 1927 
Jounson, G. Electricity supply accounts. 3rd ed. 
8vo. 201 pp. London, 1922 
KARAPETOFF, V. Experimental electrical engineering 
and manual for electrical testing. 3rd ed. vol. 2. 
8vo. 652 pp. New York, 1927 
Kemp, P. The alternating current circuit. 
sm. 8vo. 95 pp. London, 1923 
KRATOCHWIL, R. Elektrowármevertung als ein Mittel 
zur Erhöhung des Stromverbrauches. 2e Aufl. 
8vo. 703 pp. München, 1927 
KRETZSCHMAR, F. E. Die Krankheiten des Blei-Akku- 
mulators. 2e Aufl. 8vo. 184 pp. München, 1922 
Les maladies de l'accumulateur au plomb. Traduit 
sur la 2e édition allemande par M. Walter. 
sm. 8vo. 270 pp. Paris, 1924 
LAscHE, O. Materials and design in turbo-generator 
plant. 3rd, enlarged and re-written ed. by W. 
Kieser. English ed. by A. L. Mellanby and W. 
Roylands Cooper. 4to. 215 pp. Edinburgh, 1927 
LIGGINSTON, E. W. Paratonnerres. 
8vo. 107 pp. Paris, 1927 
Love, A. E. H. A treatise on the mathematical theory 
of elasticity. 2 vol. 8vo. Cambridge, 1892-93 
MCLAREN, S. B. Scientific papers. _ 
8vo. 118 pp. Cambridge, 1925 
Maycock, W. P. Electric lighting and power distribu- 
tion. 9thed. Revised by C. H. Yeaman. 
vol. 1. 575 pp. sm. 8vo. London, 1926 
MICHAELIS, L. Hydrogen ion concentration. vol. 1, 
Principles of the theory. Transl. from the 2nd 
German edition by W. A. Perlzweig. 
8vo. 313 pp. London, 1926 


MorrFrett, F. J. The electric furnace. 
sm. 8vo. 128 pp. London, 1921 
Moore, A. D. Fundamentals of electrical design. 
8vo. 374 pp. New York, 1927 
MORECROFT, J. H. Principles of radio communication. 
By J. H. M. assisted by A. Pinto and W. A. Curry. 
2nd ed. 8vo. 1015 pp. New York, 1927 


Munro, J., and JAMIESON, A. A pocket-book of elec- 


trical rules and tables for the use of electricians 
and engineers. 22nd ed., revised under the edi- 
torial oversight of W. R. Cooper and R. Appleyard. 
sm. 8vo. 773 pp. London, 1927 
NATIONAL ELECTRIC LicHT ASSOCIATION. Overhead 
systems reference book. Prepared by a special 
committee of the Overhead Systems Committee, 
Engneering National Section, N.E.L.A. [A revi- 
sion of ‘‘ Handbook on overhead line construction,” 
1914.] 4to. 583 pp. New York, 1927 
NEUMANN, A. J. Elektrische Widerstand-Schweissung 
und-Erwármung. Mit einem Geleitwort von A. 
Hilpert. 8vo. 201 pp. Berlin, 1927 
OLLIVER, C. W. The A.C. commutator motor. 
8vo. 292 pp. London, 1927 
PEDERSEN, P. O. The propagation of radio waves 
along the surface of the Earth and in the atmosphere. 
With Appendix. (Danmarks Naturvidenskabelige 
Samfund, A., 15a, b.) 
la. 8vo. 244 pp. App., 19 pp. [bound in 1 vol.) 
Copenhagen, 1927 
PETERS, L. J. Theory of thermionic vacuum’ tube 
circuits. 8vo. 265 pp. New York, 1927 
REED, E. G. The essentials of transformer practice. 
2nd ed. 8vo. 413 pp. London, 1927 
REIN, H. Radiotelegraphisches Praktikum. 3e Aufl. 
von K. Wirtz. 8vo. 578 pp. Berlin, 1922 
Rounp, Capt. H. J., M.C. The shielded four-electrode 
valve. Theory and practice. 
sm. 8vo. 95 pp. London, [1927] 
Scnait, H. F. Der Drehstrom-Induktionsregler. | 


8vo. 364 pp. Berlin, 1927 
SCHWAIGER, A. Elektrische Bahnen. 
sm. 8vo. 116 pp. Berlin, 1927 


SimioN, E., Admiral, R.I.N. Il contributo dato dalla 
R. Marina allo sviluppo della radiotelegrafia. 
[Ministero della Marina.] 

8vo. 105 pp. Roma, 1927 

SmITH, P. H. Running, maintenance and repair of 
Diesel engines. sm. 8vo. 159 pp. London, 1927 

SMITH, S. P., D.Sc. The electrical equipment of auto- 
mobiles. sm. 8vo. 139 pp. London, 1927 

STILL, A. Electric power transmission. 3rd ed. 

8vo. 429 pp. New York, 1927 

STODOLA, A. Steam and gas turbines. With a supple- 
ment on the prospects of the thermal prime mover. 
Transl. from the 6th German ed. by Dr. L. C. 
Loewenstein. 2 vol. la. 8vo. New York, 1927 

TARBOUX, J. G. Electric power equipment. 

8vo. 466 pp. New York, 1927 

TayLor, W. T. Overhead electric power transmission 

- engineering. A treatise on design, construction, 
operation, protection and maintenance of over- 

head electric transmission lines. 
8vo. 539 pp. London, 1927 
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APPARATUS STANDARDS OF TELEPHONIC TRANSMISSION, AND THE 
TECHNIQUE OF TESTING MICROPHONES AND RECEIVERS. 


By B. S. Conen, Member. 


(Paper first received 17th May, and in final form 29th August, 1927; vead before THE INSTITUTION 17th November, 
and before the NORTH-EASTERN CENTRE 28th November, 1927.) 


SUMMARY. 


The first part of this paper deals with the selection, cali- 
bration, maintenance and operation of apparatus standards 
selected as representative samples of the types of telephones 
in general use. Particulars of the acoustical and electrical 
characteristics of microphones and receivers are given. 

The second part of the paper deals with telephone standards 
giving high-quality transmission and specially designed for 
standardization purposes, and of which the acoustical and 
electrical characteristics are capable of precise specification 
and measurement. 

The Appendix deals with the range of frequencies required 
for various classes of telephonic transmission. 
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Section 1. 
INTRODUCTION. 


For over 20 years it has been the practice to determine | 
the efficiency of telephone instruments, including 
microphones and receivers, by comparisons against 
selected instruments as standards. The comparisons 
have chiefly been made by voice-ear tests and, owing 
to the inherent variability of the microphones selected 
as standards, and to a lesser extent of the receiver 
standards, and to the personal equation introduced 
by the voice-ear measurements, it has been necessary 
to evolve a special and elaborate technique for stan- 
dardization purposes, to employ a large number of 
standards and sub-standards, and. to make recalibra- 
tions at frequent intervals. Recent advances in the 
telephone art have rendered it possible to improve 
considerably on the older methods of standardization. 
The ‘‘ Comité Consultatif International des Communica- 
tions Téléphoniques á Grande Distance,” * which is an 
international organization of telephone administrations 
set up to deal with the problems of international tele- 
phone communication, in conjunction with engineers 
of the American Telephone and Telegraph Co., and of 
the Bell Telephone Laboratories, have, after conferences 
in London and Paris, been enabled to specify a reference 
standard of telephonic transmission, which is based on 
more scientific and accurate principles than the older 
standards. One equipment of the new apparatus, 
which has been designed and is being constructed by 
the Bell Laboratories, will be set up in a special labora- 
tory in Paris and will be termed the European Master 
Reference Standard of Telephonic Transmission. This 
laboratory will be available to standardize sub-standards 
for any European telephone administration or manu- 
facturer. The apparatus will also be available for such 
researches into telephone phonetics as the comparative 
articulation efficiencies of various European languages, 
and so forth. . 

It is the intention in this paper to record the methods 
hitherto employed for telephone apparatus and circuit 
transmission standardization and to describe also the 


Hereafter referred to as the C.C.I. 


I.E.E. JourNnaL, VoL. 66, No. 374, FEBRUARY 1928. 12 
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new methods and modifications of the old methods now 
being introduced. 

The paper is very largely based on the research work 
which has been carried out in the Post Office Engineer- 
ing Research Section, and, as the reports covering this 
work are for the most part unpublished, precise refer- 
ences will be of no general value. In consequence all 
reference to these reports will be included under the 
single reference (1) in the Bibliography. 


NOMENCLATURE AND DEFINITIONS. 


The following terms are required in connection with 
transmission standardization and are defined. In some 
cases these terms either are new ones or have not yet 
been generally adopted, and such are indicated by 
asterisks, 

Volume (loudness or amplitude).—Absolute values 
can be expressed acoustically in terms of pressure or 
power, and electrically in terms of current, voltage or 
power. Volume can also be expressed comparatively 
in terms of units of transmission, which are described 
further on. | 

Distortion (imperfection in the reproduction of wave- 
form).—Imperfections due to frequency distortion are 
indicated by means of a frequency/amplitude charac- 
teristic, i.e. a curve showing the acoustic or electric 
output over the audio-frequency range, for a constant 
acoustic or electric input. 

There is another form of distortion, termed non- 
linear distortion, due to the relation between input and 
output not being uniformly proportionate. When this 
occurs, harmonics of the input frequencies are introduced. 
This form of distortion may exist with ordinary micro- 
phones and overloaded amplifiers and transformers, and 
is also to some extent a characteristic of the human ear. 

Articulation * (comparative perfection in the recep- 
tion of sounds rot conveying ideas). 

Intelligibility * (comparative perfection in the recep- 
tion of sounds conveying ideas). 

It must be noted that articulation and intelligibility 
will depend on three factors, so far as reproduction is 
concerned, viz.— 


(a) Volume. 
(b) Distortion. 
(c) Interfering noise. 


. Item (e) can be subdivided into :— 


(1) Cross-talk, i.e. inductive speech or music. 

(2) Disturbance. Inductive noises from electrical 
sources other than telephonic. 

(3) Extraneous noises.* Direct air-borne sounds 
interfering with reception or transmission. 

(4) Internal noises,* such as “ frying’’ of micro- 
phones. 

When comparing the articulation efficiencies of 
telephone instruments, the volume ‘can be kept con- 
stant and all forms of interfering noise eliminated except 
the internal noise. 

When the latter does not exist, the articulation in the 
above case depends solely on the distortion. 

Acousto-electric and electro-acoustic vatios.* — These 


* Not yet generally adopted. 


numerics are measures of the efficiency of microphones 
and receivers respectively. They may be either pressure 
or power ratios and both are of considerable value. 

The acousto-electric pressure ratio for a microphone 
may be expressed in terms of V/P, where V is the output | 
in volts or millivolts of the microphone under some speci- 
fied condition of operation, and P is the acoustic input 
pressure intensity in dynes per cm? (microbars). 

- The meteorological unit of pressure intensity is the 
bar (= 1000000 dynes. per cm?). Some physicists 
have, however, used the term to refer to 1 dyne per cm?. 
In France the term “ barye” is used to represent 
1 dyne per cm?, 

It is proposed in this paper to use the term microbar 
(1 dyne per cm?) as the acoustic unit of pressure inten- 
sity. Itis also advisable to distinguish between acoustic 
pressure intensity expressed in microbars and total 
acoustic pressure expressed in dynes. 

The acousto-electric power ratio for a microphone is 
best expressed as W./W,, where W, is the electric 
output in microwatts when operating into a circuit 
of the same impedance as the microphone, and W, is the 
acoustic power input also expressed in microwatts. 

The electro-acoustic ratios for receivers will be the 
converse of the above ratios. These ratios will be 
dealt with in more detail in a later section of the paper. 

Voice-ear tests.*—Various terms have been in use 
to designate either tests generally carried out using the 
voice and ear, or some specific form of voice-ear 
tests. It will only be necessary to mention here such 
terms as speech testing, speech balancing and standard 
cable tests, measurements or balances. 

In the remainder of this paper the following con- 
tractions will be used :— 


“ F.A. characteristic ’’ for frequency/amplitude charac- 
teristic. 

“ A.E. ratio ” for acousto-electric ratio. 

“ E.A. ratio” for electro-acoustic ratio. 

“ V.E. tests ” for voice-ear tests. 


ABSOLUTE AND COMPARATIVE TRANSMISSION STANDARDS. 


It may be thought that, given methods of easily and 
accurately measuring the A.E. and E.A. ratios of micro- 
phones and receivers under conditions of normal usage, 
either with speech or over the requisite audio range to 
give the equivalent of average normal speech, it would 
be possible to introduce an absolute standard of tele- 
phone transmission which would render the use of 
reference and sub-standard apparatus non-essential. 
The methods at present available of carrying out such 
absolute measurements are, however, too complex 
and delicate to enable this to be readily done, and the 
difficulties in converting such results to terms of com- 
parative volume and articulation efficiencies would be 
considerable; hence the necessity for actual compara- 
tive apparatus standards. 

Comparative standards.—Comparative standards are 
of two classes :— 


(a) Standards selected either as representative or as 
highly efficient samples of the ordinary com- 
mercial types of telephone apparatus. 


* Not yet generally adopted. 
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(b) Specially constructed standards which are designed 
to give approximately perfect transmission 
and which are capable of reproduction from 
basic physical data, and the F.A. characteristics 
and A.E. and E.A. ratios of which are capable 
oí being accurately determined and remain 
approximately invariable. 


As previously mentioned, standards belonging to 
class (a) have hitherto been in general use and may in 
future still be required to some extent as working 
standards for the direct comparison of the commercial 
product. 

The new master reference standard will belong to 
class (b), as will also replicas, which may be designated 
as primary standards and of which a limited number 


some respects this instruction is now out of date (see 
remarks following these extracts) it remains generally 
applicable as regards the methods of carrying out V.E. 
volume tests. 

“ The ultimate testing of telephone instruments must 
be done by means of speech and listening, and the 
methods here described, covering these tests, are the 
result of many years’ experience. In all, except minor 
testing, at least three observers, A, B,C, will always 
be employed. These speak to one another as follows: 
A-B, B-C, C-A, AC, C-B, B-A. This series of six 
balances constitutes a ‘set of six,’ and is the unit. 
Any number of these sets by the same, or other, observers, 
may be used as required. 

“It is found that a definite routine of test, in which 
the test is succeeded by an interval, is necessary if 
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(a) Post Office standard transmission circuit. 
(ò) Testing circuit for local battery transmission. 


will probably be held by the larger telephone administra- 
tions and manufacturers. A 

Simpler class (b) standards giving high-quality 
transmission and also capable of accurate calibration 
and reproduction may be. designated as secondary 
standards. Such apparatus is of value to the smaller 
telephone administrations and manufacturers, broad- 
casting organizations and technical colleges, for tele- 
phone, acousto-electric and phonetic research. 

It may be pointed out that high-quality class (b) secon- 
dary standards, together with a set of high- and low- 
pass filters, should prove of value for phonetic research ; 
particularly in connection with such matters as the 
study of the constitution of speech, etc., and the com- 
parative aural importance of the various constituents. 


VoICE-EAR VOLUME EFFICIENCY TESTS. 


The following extracts are from a ‘Post Office in- 
struction on voice-ear yolume balancing.* Whilst in 


* See Bibliography, (1). 


testing is to be carried on satisfactorily all day. The 
set of six occupies usually from -20 to 30 minutes, and 
a 30-minute mterval (taken up by other duties) then 
follows. During any one balance, say A-B, A’s duty 
consists solely in the speaking, B’s in the listening, while 
C makes the necessary cable adjustments and enters up 
results, 

** Circus used.—Unless the necessity of the test requires 
otherwise, all testing is carried out on the ‘ standard 
circuit’ shown diagrammatically in Fig. }. An artificial 
cable is usually employed having constants substantially 
equal to those of the ‘standard cable,’ viz. R = 88 ohms, 
O = 0-054 pF, LE = 0-001 H, G=1 micromho per 
loop mile. A minimum length of 30 miles is used, a 
short additional variable Iength bemg capable of being 
thrown at will into either ‘test’ or ‘standard’ 
side. 

** Switching avrangemenis.—Special care is necessary 
with these. (1) The standard instrument or part is 
connected to the ‘ make’ side of the switching relays, 
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and the test instrument is therefore the one normally in 
circuit. 

‘ (2) Signalling from the listener is done by means 
of three press-buttons marked ‘ Better,’ ‘ Balance’ 
and ‘Worse’ respectively, the operation of any 
one releasing the last signal given and lighting a lamp 
before the recording observer, the lamp being marked 
to correspond to the button pressed. 

“A separate speaking circuit between the two ends 
enables conversation to be carried on if required. 

(3) A reversing key is fitted by means of which 
“test” and ‘standard’ can be interchanged without 
the knowledge of the listener, the lamps being auto- 
matically reversed at the same time. The use of this 
key is important and materially reduces the possibility 
of a biased result. It is of value even when there is 
sufficient difference in tone for the listener to detect 
that the reversal has been made, as it interferes with 
any tendency on his part to be masea, by the signals he 
has previously given. 

“ All switching of apparatus or cable i is carried out by 
means of telephone relays fitted with special platinum 
contacts operating with fairly heavy pressure. These 
relays are protected from dust in sealed boxes, 
the contact springs being brought out to terminals 
outside. 

‘* Details of testing volume efficiency.—The sounds used 
for volume efficiency measurements are the numbers 
1, 2, 3, 4, 5, repeated successively, first on the test 
instrument and then on the standard. These sounds 
are convenient to use and have been found satisfactory 
and sufficiently representative in practice. The volume 
of sound used is slightly greater than that of normal 
telephone speech, to correspond to.conditions during 
a conversation over a long line. 

‘ The method of balancing is as follows :— 

“The 30 miles of standard cable, as previously stated, 
can be placed in either circuit. In addition, the short, 
variable length can be added in series with the 30 miles 
on either test or standard circuit. The circuit is so 
connected that, for example, in one position of the 
switches there are 30 miles in the standard circuit and 
in the other position 30 plus 3 in the test. After about 
three counts. alternately on each circuit the observer 
may, for example, signal ‘worse.’ The 3 miles might 
then be transferred to the standard circuit and a signal 
‘better’ obtained. The variable cable is then reduced 
and the process continued, though not, of course, in 
any definite routine, until the observer gives ‘ balance’ 
over a certain range. The two extremes of this range 
(which may be from 1 to 4 or 5 miles of standard cable, 
depending upon conditions), one being “better” and 
one ‘ worse,’ will be checked, and the true ‘ balance’ 
is considered to be the mean between these extremes. 
The object is to work inwards from the extremes, 
these latter being determined with definiteness by 
means of the double check. 

“It is sometimes necessary to discard the first few 
counts or possibly the first complete balance A to B, 


if the instruments take some little time to settle to a 


stable condition. Abnormal balances alo occur some- 
times and must be checked. 
“ The number of ‘ sets of six” taken varies, depending 


upon the accuracy required, but in calibrating standards 
it is never less than two, using two different standards. 

“Whenever possible those portions of the circuit which 
can be so treated are used both on test and in standard 
circuits, to avoid errors due to differences between 
these parts and to avoid the necessity of using cali- 
brated apparatus where it is not essential. Transmitters, 
except when required for speaking upon, are always 
replaced by 50-ohm resistances to stabilize the con- 
ditions. The reception efficiency of an instrument, 
for example, is affected by the value of its associated 
transmitter. Extraneous noise is also thus reduced. 

“Calibrated parts are used only where essential; for 
example, in testing receivers a non-calibrated but 
standard type of transmitter will be used at the sending 
end.” 

Transmission units.—It will be observed that volume 
efficiencies are expressed in terms of “ miles of 
standard cable.” This unit of transmission is, how- 
ever, now obsolescent and is being supplanted by 
new units. 

A defined logarithmic ratio of power, current or 
voltage has now been adopted for transmission pur- 
poses. One form of basic transmission unit proposed is 
logio P/P = 1, i.e. a decimal logarithm of the ratio of 
two powers. The deci-submultiple of this unit, i.e. 
10 log) P,/Pa = 1, has been in use for some time in the 
United States under the provisional name of “ T.U.” 
It has been proposed to term the basic unit the “ bel ” 
after the inventor of the telephone and to term the 
T.U. the “ decibel.” This unit has been adopted by 
Great Britain amongst other European administrations. 
Pending a final decision as to the name, however, it 
is proposed to use the expression “ T.U ” in this paper. 
On the other hand a number of European administra- 
tions have decided to adhere to the familiar unit of 
attenuation length Bl. This is equivalent to the natural 
logarithm of a ratio of currents, i.e. log, I fT, = =1, Itis 
proposed to term this unit the ‘‘ néper.” 

It is not intended to discuss here the relative merits 
and demerits of these two unitary systems, as so much 
has already been published on this matter.* It is 
merely necessary to mention here that the difference 
of opinion between the advocates of these two systems 
is so fixed that, faute de mieux, it has been decided 
to recommend the use of both systems. 

The numerical relationship between the various 
systems is given in Table 1. 


TABLE 1. 
uni 
Unit eae ants ar is 1 bel 

bel “3 sx .. Logio Py/Pa 1 
decibel 
néper sc se 4 log, Py/Pz 1-15 
Standard mile: at 800 

cycles si .. — 10-88 


* See Bibliography, (3), (4) and (6). 
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A curve has been prepared which enables conversions 
from one unit to another to be made and also gives the 
numerical values of ratios (see Fig. 2). 

Use of non-reactive artificial line for speech testing.— 
Owing to the extensive use of loaded cable lines in 
modern telephony, the standard type of telephonir 


Units: power 0 
Current or} 9 
vol age ĝo 
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are reduced. The method of preparing these articula- 
tion cards is of interest. They are based on analyses 
of a number of articles in newspapers, etc. The 
articles were divided into syllables and then subdivided 
into initial consonants, vowels and final consonants. 
A number of largely used words such as “and ” and 


80 
36 38 40 42 


Fic. 2.—Relation reels cara units, standard miles and decinépers for various current, power and voltage ratios. 


transmission line is represented more accurately by 
a non-reactive (distortionless) artificial line than by 
the use of artificial 20-1b. cable lines which have a rising 
frequency/attenuation characteristic. 

Non-reactive artificial lines of various characteristic 
impedance values are now in extensive use for V.E. 
and other tests. A suitable characteristic impedance 
value for general transmission testing is 600/0 ohms. 


ARTICULATION TESTING. 


As a result of much research * the following method 
of measuring speech articulation has been developed. 
The following requirements have been borne in mind 
in evolving this method :— 

(1) The tests are carried out with monosyllabic 
sounds arranged in the same proportion as they occur 
in normal speech, so that the articulation test figure 
gives a direct indication of the intelligibility obtained 
under normal speech conditions. 

(2) The tests are arranged to eliminate as far as 
possible the possibility of any conscious or unconscious 
memorizing of the test sounds. 

(3) The method can be used without any elaborate 
training. 

The method consists in the use of printed test cards 
each containing two sets of 25 sounds which are trans- 
mitted to a recording observer slowly and uniformly 
at any desired volume level through apparatus under 
test. The percentage of sounds received correctly 
is a measure of the articulation. Large numbers of 
cards are prepared so that the chances of memorizing 

* See Bibliography, (1). 


“the” were excluded from the analysis, as they have 
very little effect on the intelligibility of a conversation. 
Table 2 shows the occurrences of the various 
sounds. 
It will be observed that in normal cia speech 


Percentage general intelligibility 


0 40 60 80 
Percentage syllabic articulation 


Fic. 3.—Relation between general intelligibility and syllabic 
articulation. 


there is no initial ciisonantal sound in 13 per cent of 
the words, and no final consonant in 20 per cent. The 
most frequently used initial consonant is ‘‘ T ” (occur- 
rence 9 per cent). The most frequently used vowel 
is the short “ʻi” as in pit (22 per cent) and the most 
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frequent final consonant ‘‘N” (11 percent). The least 
frequent initial consonant is “SK” (0-21 per cent). 
The least frequent vowel is “ oi ” (0:41 per cent) and the 
least frequent final consonant is “ G ” (0-68 per cent). 

A sample articulation card based on this table and 
comprising two sets of 25 words is reproduced, as also 
is a pronunciation card. 


ARTICULATION CARD No. 46.* 


LINN MOAVE KUNG VILL DUNNED 
EENT FOWCE SECK ÖZZ TIDD 
THOR YEZZ ÖNTSE RETTS SHOOM 
HEW sTINN TISSED WANN BER 
SIDGE NAIT GHER ZYE FAX 

YAI GHINT MUNN Ick TUDD 
ZEE LOU FOSS RER THALL 
HETT VOR SERNG DEST 00x 
KEWN  SHÍDGE Blvv FÍMM STONTS 
TOATS  NINNED EZZ WIZE SANN 


* ~ denotes short vowels (4 as in “pat,” ¿as in " pet,” 7 as in “ pit,” das 
in ‘' pot,” @ as in “*pun).” 


PRONUNCIATION CARD. 


ai as in “ pail ” 
ar as in “ part” 
ey as in ** pert ” 
ew as in “ pew ” 
7 as in “ pipe ” 
te as in “ pie ” 

Y as in “ shy ” 
oa as in “‘ poach ” 


oo and 00 as in “ pool ” 
00 as in “ wood ” 


or as in “ port ” 


ou as in “ pout” 
ow as in “ howl ” 


g and gh as in “ give” 


ch and tch as in “‘ church ’ 


When a sound occurs only 2 per cent or less frequently 
it cannot of course be included in each list of 26 words 
but will occur in each alternate list, and a corresponding 
sound of equivalent type is therefore included in 
the other lists. When making comparative tests the 
two sets of 25 sounds can be transmitted alternately, 
or as all the cards are balanced phonetically the 60 


‘sounds on the card can be used for one test and any 


other card used for the other test. The relation between 
the percentage efficiency obtained by the syllabic 


TABLE 2, 


Showing occurrences of various sounds in normal English speech. 


Initial consonants Number Per cent - Vowel as in 
B 132 3-39 Part (ar) 
CH 31 0-80 Pat (4) 
D 146 , 3-74 Pate (ai) 
F 195 5-01 Peat (ee) 
FR 21 0-54 Pet (é) 
G 41 1-05 Pert (er) 
GR 22 0-56 Peer (ear) 
H 146 3-74 Pare (atr), 
J 41 1-05 Pipe (7) í 
K 132 3-39 Pit (2) 
L 150 3-85 Pope (6) 
M 196 5-00 Pol (0) 
N 187 4°80 | Port (or) 
P 124 3:18 Pool (00) 
PR 40 1-03 Pull (00) 
Q 20 0-51 Point (oi) 
R 160 4-11 Pout (ou) 
S 299 7:67 Pew (ew) 
SH 81 2-08 Pup (1%) 
SK 8 0:21 
‘SP 21 0-54 
ST 42 1-08 
T 386 9-21 
TH 143 3-67 
TW 29 0-74 
V 112 2:87 
WwW 201 5-16 
Y 58 1-49 
Z 79 2:03 
Absent 507 13-02 
Misc. 145 3-72 


Per cent Final consonants Number Per cent 
B 45 1-14 
CH 30 0:76 
D 159 4-06 
F 52 1-32 
° G 23 0-58 
7. J 26 0-66 
0: K 122 3-09 
0- L 222 5:62 
4: M 111 2:81 
2° N 458 11-61 
3° ND 138 3°49 
5: NG 81 2-05 
3: NS 37 0-94 
2: NT 161 3°82 
1- NZ 26 0-66 
0: P 44 1-11 
2° R 75 1-90 
2° S 129 3:27 
7° SH 48 1-22 
ST 60 1-52 
T 304 7-20 
TH 32 0-81 
TS 32 0-81 
V 140 3-54 
X 72 1-82 
Z 262 6°63 
Absent 808 20-47 
Misc. 269 6-56 

— — 3 946 — 
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articulation test described and the percentage efficiency 
for typical telephone conversations, has been obtained 
by direct comparison and is shown in Fig. 3. It 
will be observed that up to about 40 per cent syllabic 
articulation the percentage of general intelligibility 
is about double, and above this value the general intelli- 
gibility soon reaches a very high figure. 

As the arrangement of the articulation test lists 
described is based on the relative frequency of the 
various sounds occurring in English speech, the objection 
may be raised that these lists cannot be used for articula- 
tion research in other languages and that for a compara- 
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Paper lining shellacked when 
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particularly in connection with the setting up and 
maintenance of class (a) working standards. 

The following information is based chiefly on the 
type of microphone known as the common-battery 
(C.B.) solid-back transmitter. This is the present 
standard commercial instrument in this country, and 
by far the greater percentage of the world’s commercial 
microphones are of this type. Fig. 4 shows the con- 
struction of this instrument. It consists of a large 
dished metal-piston diaphragm with its circumference 
resting on soft rubber. This diaphragm is held in 
position by rubber-covered flat steel springs, and is 
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tive international test a uniform weighting of all speech 
sounds may be essential. It is not known at present 
what is the practical importance of this objection. 
It may ultimately be found advisable to determine the 
frequency of occurrence of the various speech sounds 
for a number of largely used languages and make two 
kinds of articulation tests, one based on the local lan- 
guage and the other a combined one for international 


purposes. 


THE COMMERCIAL CARBON-GRANULE MICROPHONE. 


A general résumé of the performance of the commercial 
microphone is necessary for an appreciation of the 
problem involved in transmission standardization, and 


Transmitter (assembly). 

Elevation (case removed). 

Button assembly (scale twice full size). 
Finished assembly (scale twice full size). 


rigidly coupled at the centre to a small mica diaphragm 
carrying a polished carbon electrode. The natural 
period of the diaphragms and their associated loads is 
of the order of 1200 cycles. The carbon electrode 
forms the top of a cylindrical granule chamber which is 
enclosed at the bottom by another polished carbon 
electrode rigidly supported by a stout metal bridge. 
The carbon electrodes are coppered on their back and 
soldered to their respective metal supports. 

The granule space is cylindrical, with a diameter of 
about 16 mm and a depth of about 3-5 mm. Enclosed 
in this chamber is about 4 gramme of granular carbon. 
The average largest dimension of an individual granule 
is of the order of 0-18 mm. There are considerably 
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over 100 000 granules in a microphone and, assuming 
6 contacts per granule, there will be not far short of a 
million contacts per microphone. The microphone is 
fed with direct current from the central battery (which 
may be of 22, 48 or 60 volts) through a transformer 
or impedance coil circuit. Fig. 5 shows the alternative 
types of exchange circuit. The impedance coil circuit, 


microphone (i.e. with no sound falling on it and no 
mechanical vibration) varies with the feeding current 
circulating through it and with the angle at which 
the microphone is fixed or held. 

There is also an integrated a.c. resistance which will 
be referred to as the “ speaking resistance,” varying 
with the volume of the sound falling on the microphone. 
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( 


known generally as the Stone type circuit, is much 
employed in the modern automatic exchange. The 
general connection of the telephone instruments in 
which the microphone is incorporated is also shown in 
Fig. 5. ) 

The electrical characteristics of the C.B. microphone 
will now be considered. 

Reststance.*—The quiet resistance of a solid-back 


* See Bibliography, (1). 


Trunk connection. 


E Local connection—repeating-coil system. 


The relationship between the quiet resistance and 
the feeding current (A), and (B) the line resistance, are 
shown in Fig. 6 for the average solid-back microphone. 

In ordinary practice the feeding current varies from 
about 196 mA with zero subscriber's line, down to 
35 mA with a 500-ohm line. The minimum feeding 
current with which the C.B. solid back is required to 
function is 25 mA, which value applies to limiting con- 
ditions in private branch exchange operation, 
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The angle at which the microphone is used generally 
varies from perpendicularity to 25° backward tilt. 
The quiet resistance increases as the microphone is 
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- Fic. 6.—Relation between a resistance and :— 
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tilted. The average increase between perpendicularity 
and 25° is of the order of 50 per cent. 
The relation between quiet and speaking resistance 
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was 25 mA. The integrated resistance of microphones 
under speaking conditions is obtained by measuring 
the p.d. across the microphone and the current through 
it during a count of 1, 2, 3, 4, 5, using moving-coil in- 
struments. The measurement is of course not a highly 
accurate one, but expert observers can get surprisingly 
consistent results. 


SPEECH VOLUME MEASUREMENTS.* 


As the volume of incident speech used in making 
V.E. measurements is shown to be of considerable im- 
portance, it is necessary to be able to measure this 
volume readily, and apparatus has been constructed 
for this purpose. The set designed at the P.O. Engineer- 
ing Research Station consists of a moving-coil electro- 
magnetic microphone having an approximately uniform 
F.A. characteristic and connected to a 2-stage amplifier, 
a rectifier and a milliammeter. The circuit employed 
is shown in Fig. 9. Four-electrode dull-emitter valves 
are used and these enable low-voltage anode batteries 
to be used. The series of jacks enables the various 
plate, filament and grid priming voltages to be measured, 


Time, in minutes 
Fic. 7.—Resistance record of C.B. transmitter. 


is complicated by the phenomenon known as “ packing,” 
which is the tendency of the granules to pack tightly 
together under certain conditions of vibration. The 
speaking resistance (integrated value) tends to be 
greater than the quiet resistance and it increases with 
increase in volume of the sound input. Tests have 
been made using recording ohmmeters, and a typical 
result is shown in Fig. 7. The cycle of operation was 
as follows :—(a) Microphone left untouched for 24 
hours; (b) feeding current of 25 mA switched on and 
microphone left quiet for 5 minutes; (c) observer 
counted 1, 2, 3, 4, 5 into the mouthpiece in a normal 
voice for about 1 minute; (d) microphone left quiet 
for another 5 minutes; (e) current switched off for 
2 minutes ; (f) current switched on again for 5 minutes 
with microphone still quiet. 

In the case illustrated, the resistance of the microphone 
has increased during the 2 minutes with the feeding 
current off. In other typical cases the reverse has been 
found. Most granule microphones when subject to 
faint acoustic vibration will show a tendency to pack, 
and in extreme cases the resistance will fall to a very 
low figure. Stronger vibrations, either mechanical 
or acoustic, will restore the microphone to the normal 
(unpacked) condition. The relation between applied 
speech volume and resistance is shown in Fig. & 
These curves are averages for a dozen microphones, 
and for one series of tests the microphones were vertical 
and with a feeding current of 45 mA. In the other 
case the microphones were tilted and the feeding current 
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using the speech volume recording milliammeter as a 
voltmeter. When making volume measurements the plug 


Microphone resistance, in ohms 
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volume 


Fic. 8.—Relation between microphone resistance and speech 
volume. 


is placed in the right-hand jack. The electromagnet of 
the moving-coil microphone takes a magnetizing current 


of 200 mA. 
® See Bibliography, (1). 
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The sensitivity of the set is such that normal speech 
into the microphone with the mouth close to the spacing 
guard gives a deflection of 40 divisions. Normal speech 
delivered at 1 cm from the mouthpiece can be taken 
as approximately 0-7 microwatt per cm? acoustic power 
entering a standard type microphone mouthpiece. 
(Details will be given later in the paper.) The volume- 
measuring set enables a speaker to adjust his speech 
volume to any definite value. 


LocaL LINE SENDING ALLOWANCES.* 


The common-battery microphone with its associated 
instrument circuit, local line (i.e. subscriber’s line to 
the exchange) and exchange cord circuit, forms a 
combination of which the transmitting (sending) volume 


efficiency will depend on the microphone, the instrument 
circuit, the attenuation and resistance properties of 
the local line and the exchange cord circuit. 

Curves showing the relationship between the sending 
efficiency of the above combination and the resistance 
and type of the local line are of fundamental importaace 
in connection with transmission standardization. Local 
line allowances have been measured on various occasions 
and elaborate redeterminations have recently been 
made using both speech and single-frequency tests 
over the important audio range. 

- The combined attenuation and current feeding 
values for the sending allowance of the No. 1 C.B. 
system are given in Fig. 10 for three types of local line, 
viz. ohmic resistance, 20 lb. per mile cable and 40-1b. 
‘cable. It will be observed that there is very little 


. difference between 20-lb. cable and ohmic resistance 
- over the resistance range in normal use, viz. 0-500 ohms, 


* See Bibliography, (1). 


and there is still less difference in the case of 10 Ib. and 
64 Ib. per mile cable conductors, which are largely used 
for subscribers’ loca] lines. 

The difference in transmission efficiency (sending 
end) between the shortest and longest local lines in 
normal use may be taken as a maximum of 13 T.U., 
i.e. a power ratio of 20. 


ARTICULATION EFFICIENCY OF SOLID-BACK 
MICROPHONE.* 

To arrive at the articulation efficiency of a solid- 
back microphone joined to its appropriate circuit, it is 
necessary to use a receiving circuit which should itself 
be practically distortionless. 

Tests have been made of standard solid-back micro 
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Fic. 9.—Circuit diagram for measurement of speech volume. 


\ 


phones joined to the standard circuit and thence by 
18-6 T.U. of distortionless line to a special receiving 
circuit incorporating a moving-coil receiver and its 
amplifier, which can be taken to produce negligible 
distortion. (Further particulars of this apparatus 
will be found in the second part of this paper.) The 
average articulation efficiency of the microphones with 
normal volume was found to be 81 per cent. It is of 
interest to note that an approximately ninefold in- 
crease in volume input into the solid-back microphone 
reduced its articulation efficiency to 74 per cent, a reduc- 
tion due to non-linear distortion. | 


AGEING TESTS OF MICROPHONE.* 

1 In order to ascertain the change of microphone 
efficiency with life, it has been found necessary to set up 
apparatus for putting a number of microphones through a 
series of operations simulating normal working conditions. 

* See Bibliography, (1). 
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This consists of an ageing chamber in the form of a 
large steel cylinder with covers top and bottom. About 
100 supports are arranged round the inside of the cylinder 
to carry the microphones under test. These are operated 
according to the following cycle :—(a) Microphones 
vibrated for about 1 second to simulate the jar caused 


by removal of receiver from switchhook, followed by 


9 seconds of silence; (b) feeding current switched on 
and microphone operated for 6 periods by synthetic 
speech of the average volume of ordinary speech. 
These periods are of 10 seconds each, alternated with 
10-second periods of silence; (c) feeding current 
switched off and a final l-second vibration applied. 
Then silence for 79 seconds, after which the cycle is 
again repeated. The total duration of a cycle is thus 
3 minutes. 

The synthetic speech is produced by a rhythmically 
interrupted current passed through receivers. The 
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rhythm employed is a continuous increase in frequency 
from 600 to 1 200 cycles and back again. The complete 
rhythm takes about 0-2 second. 

The air pressure, temperature and the degree of 
humidity can be varied to represent varying conditions 
of service. The cycle of operations is repeated night 
and day and there are 3 360 operations per week, 

The microphone can be tested for resistance, volume 
and articulation at any time during the life test, 

Results.—With well-constructed solid-back micro- 
phones, made up with good carbon electrodes and 
granules, there is very little ageing effect, For example, 


seven batches, each of 12 microphones of one type but 


of different manufacture, were submitted to the ageing 
test for over 32 000 operations. The volume and articu- 
lation efficiencies and the resistance altered by only 
a negligible amount for all but one specimen. The 
severity of the test was increased by keeping the «test 
chamber saturated with moisture during the last ‘half 
of the test. 


` 


The abnormal specimen became very high in resist- 
ance owing to pitting of the carbon electrodes and the 
formation of soot on the granules, indicating considerable 
internal sparking. 

An ageing test is invaluable to determine the reli- 
ability oí a new type of microphone and to ascertain 
the suitability of any particular batch of microphones 
for use as working standards. 


THE EFFECTS or MOISTURE ON CARBON GRANULE 
MICROPHONES.* 


The solid-back transmitter carbon chamber cannot 
be regarded as sealed although it is closed by the mica 
diaphragm held down by a brass screw cap (see Fig. 4). 
If the chamber.were hermetically sealed there would be 
periodic changes in microphone efficiency corresponding 
to barometric changes. As the button heats and cools 
with the switching on and off of feeding current, a 
breathing action takes place and air is drawn in from 
outside and expelled. In some cases considerable drop 
in volume efficiency has been observed, and frequently 
protracted drying of the chambers in special ovens 
will not restore the efficiency completely. It is sug- 
gested that permanent deterioration may be due to 
the deposit from the air currents of films of dirt on the 
granules (probably to some extent consisting of silica, as 
the research work of Dr. Owen of the Ministry of Health 
has shown that air impurities in cities often consist 
to a considerable extent of minute spheres of silica only 
a few microns in diameter, probably the products of 
combustion). Although in the latter half of the test 
previously referred to the atmosphere in the life-testing 
chamber was kept saturated with moisture without 
the microphones under test suffering any serious 
deterioration, it must be pointed out that their tem- 
perature never fell below that of the interior of the 
chamber owing to the rapidity of the testing cycle, 
and that in consequence the breathing effect was prob- 
ably inconsiderable in these tests. 

Microphones which have been selected as working 
standards are kept under conditions which will minimize 
this trouble. In this country these standards are kept 
normally in a thermostatically controlled chamber with 
constant temperature. 


SoLID-BACK MICROPHONES AS Basic STANDARDS.* 

Up to the present, in the absence of a basic reference 
standard, the solid-back microphones have been used 
for the purpose and, owing to the inherent variability 
of such instruments, it has been necessary to maintain a 


large number and make cross-checks at frequent in- 
‘tervals. 


It is believed that the methods used by the 
Post Office to ensure this have enabled the British 
standard to be maintained at a fairly uniform value 
since the introduction of standardization in 1904 At 
present nearly 100 standard microphones are in use 
for reference purposes, and these are divided into 4 
batches A, B, Cand D. The individuals in each batch 
are tested against each other at periodic intervals, aad 
the batches are also tested against each other. Cyclic 
tests have been found useful to determine which indi 
vidual instrument has altered. Any individual memu 


* See Bibliography, (1). 
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ment which appears to have changed in volume efficiency 
by more than a certain value is withdrawn as a standard. 
The adjustment of discrepancies at the periodical 
recalibrations, some of which have been made quarterly, 
some half-yearly and the remainder yearly, has been 
carried out in such a manner as neither to tend to raise 
nor lower unduly the basic standard value. 

Standards are being maintained in this country for 
the use of telephone manufacturers, Colonial administra- 
tions and the French administration. 

With the advent of the new reference system, these 
standards will be used as working sub-standards. It 
should be mentioned that in America a modified solid- 
back microphone known as the centrally damped type 
has been introduced. The modifications are not con- 
siderable and are mainly introduced from a manufac- 
turing point of view to obtain greater uniformity. 


NORMAL RANGE OF EFFICIENCY OF SOLID-BACK 
MICROPHONES IN GENERAL USE.* 


_ New microphones have to pass a comparative test 
against a working standard calibrated in terms of the 
British standard. No microphone is accepted which 
is inferior to the standard in volume efficiency by 
more than 5 m.s.c. (= 4-5 T.U.) and the average of 
any batch should not be inferior by more than 3-5 m.s.c. 
(= 3-1 T.U.). 

Data based on microphones recovered after some 
years of service confirm the results previously indicated 
as having been obtained in laboratory life tests and 
indicate that, on the average, the efficiency value of a 
microphone constructed of the best available carbon, 
as when new, will not be changed by more than a very 
small percentage due to age. In some cases there has 
been an indication of improvement in volume after 
some years of service. 


Acousro-Evecrric CHARACTERISTICS OF C.B. SOLID+= 
Back MICROPHONES. 


Two F.A. characteristics of the solid back have already 
been published in the Journal.{ These show the charac- 
teristics with and without the mouthpiece. The source 
of sound was a moving-coil, good characteristic receiver 
operated by; a constant-output heterodyne oscillator, 
and, when the mouthpiece was attached to the micro- 
phone, the feceiver would produce an acoustic loading 
approximating to that produced by the mouth and 
face of a speaker. The material, shape and dimensions 
of the mouthpiece all have an effect on the efficiency, 
and variation in these may react on the volume efficiency. 
to the order of 2-3 T.U. The grid at the base of the 
montos, for example, has a decided effect on the 
volume, efficiency and also puts on the microphone an 
acoustic load which modifies the amplitude and fre- 
ne of the resonance peaks. It will be seen that 
the G.B. solid-back microphone under working conditions 
is a inefficient below 500 and above 2 000 cycles, and 
has pronounced and complex mechanical resonance 
pegks round about 1000 cycles, and less pronounced 
byt very broad acoustical resonance dias between 

1/500 and 2 000 cycles. 


_ © See Bibliography, (1). 
“i t See Bibliography, 2), also Figs. 14 (a) and 14 (b), p. 1034 (vol. 64). 
-d 


Acousto-ELECTRIC RATIOS oF SoLID-BACK 
MICROPHONES. * 

The microphone output has been determined by 
measuring the R.M.S. electromotive force with various 
feeding currents and with several speakers. The follow- 
ing values have been arrived at from these tests. A 
microphone equal in efficiency to the British standard, 
operating on zero-resistance local line and with normal 
volume of speech 1 cm from mouthpiece, gives an average 
e.m.f. of 488 millivolts. At 10cm speaking distance the 
e.m.f. is reduced to 65 millivolts. 

The power output at 1 cm with the microphone 
working into its own impedance (33/0) is 1 800 micro- 
watts approximately and at 10 cm equals 32 micro- 
watts. The average acoustic power entering the mouth- 
piece has been deduced from the work of Crandall, 
Mackenzie and Sacia.t Accepting Crandall and Mac- 
kenzie’s figure of 12:5 microwatts total speech power 
issuing from an average speaker’s mouth,{ the following 
figures can be arrived at. When speaking close up to 
the mouthpiece (say at 1 cm distance) a representative 
average total input power from a normal speaker may 
be assumed to be 10 microwatts, or 0-7 microwatt 
per cm? power intensity, as the area of the solid-back 
microphone mouthpiece aperture is 15 cm?, It is 
assumed that about 80 per cent of the total power output 
of the voice is in this case entering the microphone. 
When speaking at 10 cm distance from the mouthpiece 
the output from the mouth can be assumed to be spread 
over a sphere 10 cm in radius, and the power intensity 
at the face of the mouthpiece will be of the order of 
0-01 microwatt per cm?, or the total entering mouth- 
piece 0:15 microwatt. 

The acoustic input pressure intensity in microbars 
can be derived from Lord Rayleigh's formula 
p = 4/(P x 415), where p = pressure intensity in 
microbars and P = power intensity in microwatts 
per cm?.$ It must be pointed out that the numeric 
415 includes an impedance factor for a sound wave 
propagated in free air and, in consequence, when the 
conditions materially differ from free air propagation 
the formula does not hold. As, however, the acoustic 
impedances of the various types of commercial micro- 
phones under working conditions in all probability do 
not differ over a very wide range, the conversion value 
obtained by the use of Lord Rayleigh’s formula may be 
of value for comparative purposes. 

The input pressure intensity at 10 cm from the mouth- 
piece will be approximately 2 microbars, and at 1 cm 
distance the value will be about 17 microbars. 

The A.E. power ratio with normal speaker at 10 cm 
from the mouthpiece is 32/0-15 = 213, and the: corre- 


' sponding value when speaking at 1 cm is 1 800/10 = 180, 


so that the average value can be taken as 200. 

It will be observed that the solid-back microphone 
ig a power amplifier with a magnification of the order 
of 200. 

The A.E. pressure intensity ratio at 10 cm distance 
will be 65/2 = 32 approx., and at 1 cm distance the 
value will be 488/17 = 29 approx. The average value 
could be taken as 30. 


© See Bibl hy, (1). Ibid., (6), (7) and (8). 
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Direct tests have been made recently in the following 
manner :— 
A Wente condenser microphone was calibrated in a 


non-reflecting chamber against a Rayleigh disc in free 


air. The pressures quoted, which are calculated from 
the velocity measurements taken from the disc, are 
therefore those which would be present at the position 
of the condenser microphone if the microphone were 
absent. In other words, any changes in the pressure 
of the free wave introduced by the microphone are con- 
sidered as forming part of the microphone characteristic. 

The corresponding output electrical pressures of the 
condenser microphone were measured by means of a 
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microphone (open front), and the two instruments were 
spoken to simultaneously from a point 10 cm (measured 
to mouthpiece lip of C.B. transmitter and face of Wente 
transmitter) in front of and midway between them. 
The whole test was made in a large, substantially non- 
reflecting chamber. 

The volume of speech used for the bulk of the tests 
was normal, or slightly above normal. The test was 
made at 10 cm in order that a more reliable input pres- 
sure figure could be obtained. The result is that the 
actual input pressure to the C.B. microphone is much 
below normal, viz. of the order of 2-5 microbars, com- 
pared with 20 or so when spoken to at close quarters. 
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valve voltmeter. As the condenser gave a virtually 
flat F.A. characteristic, the deflections obtained by 
speech at the same distance as the calibrating source 
of sound could be used to determine the acoustic pres- 
sure produced by that speech. 

The following figures are based upon tests on 13 
standard No. 1 C.B. microphones. Each microphone 
was spoken to by from five to seven individuals. The 
microphones were fed with 50 mA through high-im- 
pedance retardation coils and the resultant e.m.f.’s 
measured on a valve voltmeter, with a substantially 
straight-line frequency characteristic and linear as 
regards volume variations. 

The microphones were mounted (with mouthpiece) in 
turn, in a vertical plane, alongside a Wente electrostatic 
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A speech test, however, on two microphones showed 
that with double this input (5 microbars) no change in 
ratio occurred. Further, a test using a rhythmic 
oscillator and producing 16 microbars gave substantially 
the same ratio. The C.B. microphone e.m.f. in this 
case was about 0-5 volt. Finally, a direct speech com- 
parison of the relative output of 3 C.B. microphones 
against the Wente microphone when each was spoken 
into at distances from 0 to 15 cm showed that the 
output of each fell off in exactly the same manner as 
the volume changed. It may be taken therefore that 
the ratios given are applicable to ordinary normal 
speech spoken direct into the mouthpiece. The speech 
used consisted for the most part of a newspaper passage 
read rapidly. In one or two cases check tests were made 
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using the alphabet in place of the passage read, and in 
others counting 1, 2, 3, 4, 5, as in transmission testing, 
but no appreciable change was found in the ratio. 

The average input acoustic pressure intensity for 


normal speech at 10 cm from the C.B. microphone 


mouthpiece was 2-5 microbars. 
The output of the microphones tested with this input 
speech pressure Varied from 32 to 55 millivolts, and the 


average was 42 millivolts. The value reduced to the 


British Post Office standard microphone becomes 
approximately 55 millivolts or, allowing for the average 
eficiency of commercial microphones (viz. 3-2 T.U. 
worse than standard), 40 millivolts. 

The standard microphone has in consequence an 
A.E. pressure ratio of 22 millivolts per microbar and 
the average microphone a value of 16 millivolts per 
microbar. 

The total acoustic input to the microphone mouth- 
piece at 10 cm was 0-225 microwatt and the output with 
the average microphone operating into its own im- 
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pedance was 24 microwatts. The A.E. power ratio 
was in consequence 107, of which of course only half is 
available for use. 

The ratios arrived at by these latter direct tests are 
the most reliable, having regard to the very variable 
factors involved. 


THE COMMERCIAL BELL RECEIVER. 


The 60-ohm Bell receiver is used in commercial 
practice to much the same extent as the solid-back 
microphone with which it is generally associated. 

The following data of the type standardized in Great 
Britain will be of interest. | 

Average air-gap between diaphragm and pole-piece 
= 0-34 mm. 

Coil turns = 1 210, 

Total magnetic flux = 445 lines. 

Stalloy diaphragm 4-75 cm in diameter and 0-24 mm 
thick, coated with elastic varnish 0-02 mm thick. 

Average free diaphragm resonance = about 940 
cycles. 


Details of the construction are shown in Fig. 11. 

Average resonance when loaded by ear = about 1 100 
cycles.* 

For F.A. characteristics, reference should be made 
to the Journal (1926, vol. 64, pp. 1035, 1039 and 1059, 
Figs. 15, 26 and H). 

Fig. 12 shows the motional impedance diagram of 


(a) A 60-ohm Bell receiver not acoustically damped. 

(b) A similar receiver placed against an ear. 

(c) The same receiver as in (b) placed against a device 
built to simulate an ear. 


The impedance of the Bell receiver at 800 cycles when 
held to the ear is of the order of 200 [40 to 250 [45.* 


VOLUME EFFICIENCY OF BELL RECEIVER, AND SELECTION 

OF STANDARDS. fÍ | 
_ The present British standard receiver is based on the 
efficiency of good average commercial receivers selected 
in 1904 at the same time as the standard microphones. 
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Fic. 12.—Motional impedance diagrams of Bell receiver. 


6 Receiver in undamped condition. 
6) Receiver held to human ear. 
(c) Receiver fitted to device simulating damping conditions when held to human ear. 


Owing to the lesser liability of receivers to vary, it has 


. not been found necessary to maintain more than 20 


standards, and these are divided into three groups which 
are recalibrated individually and group against group 
every six months. 

The commercial product is required to be equal in 
volume efficiency to the standard, and very little varia- 
tion is found in practice. The effects of age are, on 
the average, very slight and the modern permanent 
magnets are quite stable. For example, a number of 
new receivers (not Bell type) have recently been tested 
in a machine designed to jar the receivers rapidly by 
lifting them and dropping them from a definite height 
on to a steel base-plate. After over 100 000 operations 
the flux and volume efficiency had not changed by an 
appreciable amount. In preparing receivers for use as 
standards, the ear cap and diaphragm are removed, 
the inside of the case and coils, etc., is washed round 
with thin shellac varnish and, after this is quite dry, 
the diaphragm and cap are replaced and the latter 

* See Bibliography, (1), (2) and also (25) and (26), t Ibid., (1). 
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sealed. The varnish fixes any loose particles, filings, 
etc. A frequent source of failure with receivers in 
practice is found to be the collection of magnetic filings 
on the pole-pieces, often to the extent of jamming the 
diaphragm. Such filings are not always due to the 
machining of the pole-pieces, etc., as trouble has been 
experienced in the case of receivers with nickelled metal 
se ae owing to flaking of nickel from the bobbin 
eeks. 


Locat LINE RECEIVING ALLOWANCES.* 


Fig. 13 shows the relation between local line resistances 
and reception efficiency for an ohmic resistance line, and 
20- and 40-lb. cable lines for No. 1 type C.B. circuit. 

The 10-lb. and 64-Ib. cable conductors which are much 


Local line resistance, in ohms 


Loss, in transmission units 
Fic. 13.—Local line receiving allowances. 


used for local lines differ very little. from the ohmic 
resistance line over the usual 0-500 ohm limit. 


ARTICULATION OF 60-OHM BELL RECEIVERS. 


A test has been made to determine the articulation 
of standard Bell receivers and their appropriate circuit 
by connecting through a distortionless line to an eddy- 
current microphone and its amplifier. This transmitting 
apparatus has negligible distortion and is described in 
the second part of the paper. The average articulation 
efficiency of the Bell receiver was found to be 93 per cent. 


ELEcCTRO-ACOUSTIC PRESSURE RATIOS OF BELL 
RECEIVERS. 


A series of direct tests of the pressure ratios have 


been carried out on a number of standardized Bell . 
Teceivers. The acoustic pressure output was measured ' 


by means of a condenser microphone coupled to the 
receiver by an artificial ear of the type used in obtaining 
the motional impedance [see Fig. 12 (c)]. The condensér 


microphone with the artificial ear attached was cali- - 


* See Bibliography, (1). 


brated by a Rayleigh disc over the audio-frequency 
range in such a way as to obtain the pressures at the 
ear, and the tests were carried out as in the case of the 
C.B. microphones with a number of speakers using 
various classes of speech sounds. 

The input voltages across the receivers, and the output 
voltages of the condense. wicrophone, were read by 
means of a.c. voltmeters, and the needles of the volt- 
meters used were sufficiently dead-beat to enable reason- 
ably: steady values to be recorded for ordinary speech. 
The average E.A. pressure ratio in microbars per milli- 
volt reduced to the British Post Office standard was 
0-271, and the range for individual receivers was from 
0-183 to 0-291. The pressure ratio for the average 
receiver in general use, which is permitted to be 2 T.U. 
worse than standard, is 0-220. 

The power input into the receiver depends, of course, 
on its impedance for speech. The power input has 
been measured by using a rhythmic oscillator as a 
substitute for speech and measuring the power input 
to the receiver by the three-voltmeter method. By this 
means the acoustic output in microbars per milliwatt of 
electric input for the average receiver was found to be 
84-5. 


AcousTo-ELECTRIC AND ELEcTRO-AcousTIC COMBINED 
VALUES FOR SOME TYPICAL TELEPHONE CON- 
NECTIONS. 

It is of interest to calculate the values of acousto- 
electric-acoustic overall transformations occurring in 
some typical working conditions. The A.E. pressure 
intensity ratio for the average microphone has already 
been given as 16, so that for an input acoustic field 
of 1 microbar there will be an output e.m.f. of 16 milli- 
volts. If an average receiver is joined direct to the 
microphone by a circuit assumed to have negligible 
loss, the acoustic output will be 16 x 0:22 = 3:5 
microbars. So that for each microbar of speech enter- 
ing the microphone 3-5 microbars output will be obtained 
from the receiver directly connected to the microphone. 
The microphone therefore amplifies to a greater extent 
than the receiver minifies, and the net difference is 


_ represented by about 11 T.U. 


The acousto-electric ratio of a C.B. transmitting 
end consisting of an average microphone connected 
in its complete common-battery termination with a 
local line of 300 ohms resistance is 16 x 0-91 = 14:5. 

The electro-acoustic ratio for the corresponding 
C.B. receiving end consisting of an average receiver 
connected in its complete common-battery termination 
with a local line of 300 ohms resistance is 0-22 x 0-225 
= 0:0495. 

Therefore for each microbar input there will be 14-5 x 
0-0495 = 0-72 microbar output or an overall minifica- 
tion of about 3 T.U. 

These figures, whilst not being claimed as of a high 
order of accuracy, are useful as giving some indication 
of the order of input to output sound intensity. 


QUANTITY TESTING OF TRANSMISSION EFFICIENCY OF 
TELEPHONE INSTRUMENTS. 


Special methods have to be employed to compare the 
commercial microphones and receivers with the working 
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standards. This comparison has hitherto been mainly 
a voice-ear one. 

Individual volume balancing and articulation tests 
in the manners already described for the calibrating of 
working standards are too costly and slow for bulk 
testing. Volume comparisons are actually made without 
balancing by a few alternate counts of 1, 2, 3, 4, 5, on 
the working standard microphone and on the microphone 
under test. Fixed lengths of artificial line of the order 
of 25 T.U. are inserted in both the standard and test 
circuits. 

Experience has shown that an expert observer can, 
without balancing, detect a minimum difference in volume 
of the order of 2 T.U. It is customary, therefore, to 
make the line in circuit with the apparatus under test 
2 T.U. greater than the line in circuit with the standard. 
In addition, allowance has to be made for the efficiency 


of the particular working standard employed and for. 


H.E oscillator 


number of samples selected at random. Generally 10 
pieces of apparatus in every 10000 are selected and 
more elaborate tests, including articulation and freedom 
from “frying ” (in the case of microphones), and so 
on, are carried out. 


MACHINE TESTING OF TELEPHONE INSTRUMENTS. 


It is probable that bulk testing by means of the voice 
and ear will shortly be abandoned in favour of some 
method in which the personal equation is eliminated 
or considerably reduced. 

The author was the first to publish (in 1916) an 
account of a method of using a rhythmic oscillator as a 
substitute for the voice.* The apparatus used at that . 
time consisted of an interrupter with segments regularly 
increasing and decreasing in width around the circum- 
ference of a wheel. The wheel speed was kept invariable 
by an electrically controlled governor. This apparatus 


ii E 
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Fic. 14 —Portable heterodyne oscillator. 


the limiting volume efficiency to be accepted in the case - 


of the apparatus under test. 

As an example, assume that microphones are to be 
accepted when not more than 5 T.U. worse than standard, 
and that the working standard employed is 3 T.U. worse 
than basic standard. If 25 T.U. is placed in the standard 
circuit the total transmission value will be 25 + 3 
= 28 T.U. As instruments 5 T.U. worse are to be 
accepted and as an expert can only distinguish a differ- 
ence of 2 T.U., it will be necessary to insert in the test 
circuit 28—6+2=25 T.U. By doing this an 
expert tester can pick out apparatus which exceeds the 
specified value by about 0-5 T.U. The only other 
attribute of microphones which is individually tested 
is the resistance. 

All apparatus rejected under the above test is put 
aside and an ordinary V.E. balance test carried out to 
ascertain its actual efficiency. 

A similar procedure is adopted in the case of the 
bulk testing of receivers. In addition to these indi- 
vidual tests, more detailed tests are carried out on a 


is still in use to produce the synthetic voice used in 
connection with life tests of microphones. The advent 
of the thermionic valve oscillator has enabled much 
more satisfactory devices to be constructed, and some 
are now in use which produce a rhythmic frequency both 
over a small audio range using a single-valve oscillator 
and also over the whole audio-frequency range using 
heterodyne oscillators. 

The heterodyne type consists of two ultra-audio 
frequency oscillators whose deviation in frequency 
from each other can be rhythmically varied by the 
continuous rotation of an air condenser from minimum 
to maximum and back to minimum capacity. A series 
of small, fixed condensers enables any portion of the 
0-10 000 cycle band to be utilized.” Fig. 14 is the 
circuit of this apparatus, and further details of its con- 
struction will be found in an article by the author.t 

For the quantity testing of microphones and receivers 
it has been found that the best frequency range is 
600-1 500 cycles, which will cover the major resonance 


è See Bibliography, (22). + Ibid., (23). 
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points in both cases. A rhythmic frequency of about 
120 per minute is found to be suitable. 

One method of test is to convert the electrical rhythm 
into an acoustical one, by operating a suitable receiver 
which may be either of the moving-coil type or one with 
a specially damped diaphragm, so that an approximately 
constant acoustic output is obtained over the rhythmic 
range employed. The receiver output is used directly 
to operate the microphones and can also be used to 
test Bell receivers by coupling to the latter by means of 
a suitable acoustic coupler. The Bell receiver can then 
be operated as an electromagnetic microphone, in which 
case its efficiency is directly comparable with its efficiency 
as a receiver. 

In either case, the resultant electrical potential, 
as read on a suitable a.c. voltineter, is a measure of 
the efficiency and can by calibration be converted into 
terms of T.U. values. 

Alternatively the output potential, as measured by 
a.c. voltmeter deflection, of the apparatus under test can 
be made equal to the output. potential of a known, 
calibrated standard, by varying the length of an artificial 
line in circuit with the more efficient apparatus. The 
length of line required to produce equal deflection is a 
measure of the efficiency. 

Preliminary tests with this apparatus indicate an 
accuracy of much the same order as that obtained by 
a V.E. balance, and probably considerably more accurate 
than the results obtained by the V.E. bulk-testing 
method already described. 

With this method of testing, a new source of variation 


appears. This is due to temperature change, and the 


fact that a definite indication of change of efficiency 
with temperature can be observed with this apparatus 


both for microphones and for receivers, whilst it is not- 


noticeable with V.E. tests, indicates that the former 
method will show up much smaller variations than the 
latter. 
be obtained by using the voice, counting as in the 
ordinary V.E. measurement but replacing the ear by 
a suitable a.c. voltmeter. By the adoption of this 
‘method the greater part of the personal equation 
variation is eliminated, as also will be the difference 
between synthetic sound and the human voice. A 
further possibility is the replacement of the voice by a 
gramophone reproduction. It is probable that the 
bulk-testing of telephone instruments, both in the case 
of acceptance tests at purchase and for transmission 
maintenance after the apparatus is installed, will be 
carried out in the near future by one of the methods 
just outlined. 


Section 2. 


REFERENCE STANDARDS OF TELEPHONIC TRANS- 
MISSION, 


In the first section of this paper, the performances 
of commercial types of telephone instruments and their 
associated circuits have been studied and the stand- 
ardization of selected specimens of such apparatus 
for comparison purposes has been dealt with. 

In this section of the paper, special telephone appara- 


VoL. 66 
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tus designed primarily for standardization purposes 
will be considered. 

Such apparatus should conform to the following 
brief and broad specification :— 


(2) The apparatus should consist of three parts, viz. 
a transmitting end, an artificial line and a re- 
ceiving end. 

(b) The F.A. characteristics of the three parts should 
be approximately uniform over the audio- 
frequency range and should be capable of being 
readily measured, and there should be also 
an absence of non-linear distortion over the 
volume-level range required in practice. 

.(c) The A.E. and E.A. ratios should be capable of 
being set to simulate the ratios appropriate 
to commercial telephone instruments. 

(d) The apparatus should be reproducible and stable. 

(e) A device giving distortion equivalent to that 
of commercial telephone instruments should 
be embodied, or alternatively a technique for 
enabling ordinary telephones to be accurately 
balanced by ear against the distortionless 
standards would be required. . 


The C.C.I. (the International Committee referred 
to at the beginning of this paper) considered the general 
conditions which should be fulfilled by a basic reference 
standard, at a conference in London in 1926, and the 
following particulars are based on their conclusions. 

Transmitting system.—The efficiency of the trans- 
mitting system, comprising the microphone and its 
associated amplifiers, potentiometers, etc., should be 
defined as an A.E. pressure ratio, expressed in terms 
of voltage delivered to. the input of the reference arti- 


ficial line to the uniform sound pressure on the diaphragm 


of the reference microphone. 

This involves fixing the essential external mechanical 
dimensions of the microphone and the manner in which 
the microphone is to be used. A condenser microphone 
with a stretched diaphragm of the Wente type is adopted 
for the master reference standard.* 

The microphone is provided with a guard ring to 
fix the position of the mouth with respect to the dia- 
phragm when carrying out voice tests.: The essential 
dimensions necessary to fix when determining A.E. 
ratios are given in Fig. 15. 

The input sound pressure can be measured by any 
reliable method such as the thermophone method 
developed by Arnold, Crandall and Wente,j the Ray- 
leigh disc j or the compensation method developed by 
E. Gerlach.§ 

The zero point of the transmitting system should 
be set to approximate to that of the standards for 
commercial transmitting system in general use, and 
has been fixed provisionally at 0-05 volt output for 
each microbar of sound input intensity taken as the 
arithmetical mean of the ratio over a frequency range 
of 500 to 2 500 cycles. This value will probably require 
halving (see A.E. values in Section 1). 


* See ITA a: y (P) an and (10). 


+ Ibid., (9), (10), ( 
| Toia: of f (i (1 dsp d Ga a, (16), and (17) 
$ pid. ” (2), ( 
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There should be no non-linear distortion up to the 
maximum volume input likely to occur in practice.* 

The F.A. characteristic of the transmitting system 
should be such that the A.E. pressure ratio should not 
vary by more than + 2 T.U. over the frequency range 
of 100-5 000 cycles. 

The output impedance of the transmitting system 
should be 600 ohms with a tolerance of + 5 per cent 
and an angle not greater than + 10°, over the frequency 
range 100 to 5000 cycles. The transmitting system 
should be adjustable in steps of 1 T.U. within the limits 
+ 10 T.U. 

Reference artificial line.—This should have a charac- 
teristic impedance of 600 ohms and a tolerance of 
+ 1 per cent, and an angle not greater than + 2° over 
the frequency range 100 to 5 000 cycles may be permitted. 

The line shall be adjustable between the limits 0 and 
100 T.U. by steps of 0- -2 T.U. 

Reference receiving system. — The efficiency of the 
receiving system, comprising the receiver and its asso- 
ciated amplifiers and connecting circuit, is defined as an 
E.A. pressure ratio. 


=a on e oP ow ow ewe os eee os 
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‘Fic. 15.—Essential external dimensions of reference micro- 
phone and guard ring. 


A receiver of the Bell type with the diaphragm specially 
damped, or alternatively a moving-coil receiver, is 
recommended and it is necessary to specify the essential 
dimensions of the ear cap and an acoustic coupler or 
artificial ear (see Fig. 16). The acoustic coupler is 
required to join the receiver acoustically to its cali- 
bration device. 

This calibration may be carried out by means of 
the calibrated condenser microphone or by any other 
practicable method such as the Gerlach compensation 
method. f | 

The ratio of the sound pressure measured at the 
end of the acoustic coupler to the input voltage of 
the receiving system should approximate to that of 
standard commercial receiving systems in general use, 
and is defined provisionally by the value 50 microbars 


* With the type of apparatus proposed for reference standard purposes, no non- 
linear distortion Ae likely to be experienced with the range of normal s 
intensities used ‘An indication of the range of sound intensities likely to be 
met with ‘eh conversational speech is of cons jerable importance, The following 
data are mainly derived from the work of Sacia and Beck {see Bibliography (7)]. 

zbe intensity of the consonant output is small as compared with that of t 
vow . 

The maximum peak panne at the diaphragm of a microphone was found 
to be 76 ieroba ts with vowels ** o ” as in ton and ''a ” as in tape. 

The average peak intensity with all vowels equals 34 microbars 

The vowel “a” gave a maximum mean intensity of 21 microbars, and the 
average Mean intensity for all vowels was 8 microbars. The ratio of maximum 
to average pear e to is therefore of the order of 2° Le 1, and the ratio of 
maximum um peak average mean intensity is 9 : 

t See Bi ro D 28) and (19). 


per volt taken as the arithmetical mean of the ratio 
over the frequency range 500 to 2500 cycles. This 
value will probably also require amending (see E.A. 
values in Section 1). The impedance of the receiving 
system is specified to be the same and to have the 
same tolerances as in the case of the transmitting system. 
The receiving system is to have adjustments of efficiency 
over the same range as the transmitting system. 

The E.A. ratio shall not vary by more than + 4 T.U. 
over the frequency range 300 to 3000 cycles, and by 
more than + 10 T.U. over the frequency range 100 to 
5 000 cycles. There shall be no non-linear distortion. 
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Fic. 16.—-Reference receiver. 


Although the physical data given define the charac- 
teristics.of a reference system,.it was thought desirable 
to prescribe a particular physical embodiment of the 
standard as the master transmission reference system, 
in view of the very complex character of a specification 
covering all the factors entering into the performance 
of a transmission system under actual ‘speech condi- 
tions. A further reason for the adoption of a specific 
set of apparatus must also be pointed out. This is 
the very considerable latitude of performance permitted 
owing to the considerable variation in the overall charac- 
teristics allowed by the tolerances given for the trans- 
mitting and receiving ends. For example, the deviation 
from perfection of the transmitting end of + 2 T.U. 
may either increase the maximum deviation of + 10 
T.U. permitted to the receiving end, or else reduce the 
latter so that two sets of apparatus which conformed 
to the specification given may have very different 
overall F.A. characteristics and in consequence give 
very different performances. 

The particular form prescribed is that designed and 
developed by the Bell Telephone Laboratories, New 
York. This system is an elaborated form of the one 
described by L. J. Sivian.* 

* See Bibliography, (20); also see (4) and (21). 
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It is only proposed to give a very general description 
of the elaborated reference system, in order to leave 
the field open to its designers to publish in detail, which 
they may wish to do after the completion, installation 
and test of the two master reference standard replicas 
installed in New York and Paris respectively. 

The arrangement, which conforms to the specifica- 
tion already given, consists of a condenser microphone 
coupled to a four-stage amplifier, an artificial reference 
line and a permanent-magnet Bell receiver with 
diaphragm specially damped, coupled to a three-stage 
amplifier. The transmitting and receiving systems 
have devices for adjusting the efficiencies, and also 
means for simulating commercial telephone apparatus 
by the insertion of distorting electrical networks. 

The system is provided with complete acoustical 
and electrical calibrating devices. The microphone 
is calibrated by means of a gold-leaf thermophone in 
an atmosphere of hydrogen, and can then be used to 
calibrate the receiver by coupling to the acoustic coupler. 


Thess Eddy-current 
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entitled “ The Thermophone as a Precision Source of 
Sound ”.* and a later paper by Wente on the thermo- 
phone. 

A second rack carries the input calibrating apparatus. 
A third rack carries the reference microphone and its 
associated amplifier, potentiometer, etc. 

A fourth rack carries the reference line and auxiliary 
networks, while a fifth rack carries the reference receiving 
system. The last rack is for calibrating the output. 
The set is self-contained and except for a few minor 
requirements embodies all that is necessary for carry- 
ing out the requisite acousto-electric and voice-ear 


measurements. 


THE EUROPEAN MASTER REFERENCE STANDARD AND 
ITS LABORATORY. 


The headquarters of the C.C.I. are in Paris, and it 
was decided to install the reference standard in some 
suitable location in that city. 
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Fic. 17,—Circuit diagram of Post Office high-quality telephone transmission system, 


The whole apparatus is mounted on floor racks, 
The original experimental model as set up at Dollis 
Hill, London, in May, 1926, is shown in a lantern slide, 
the small rack on the extreme left being an oscillator 
amplifier giving sinusoidal calibrating current over the 
audio-frequency range between 30 and 10 000 cycles. 

A tank and cylinder are used in connection with the 
supply of hydrogen, for calibrating the condenser 
microphone by means of the thermophone. By carrying 
out this calibration in an atmosphere of hydrogen, 
as the velocity of sound is thus increased about fourfold 
the formula for calculating pressure variation in the 
enclosed chamber formed by the condenser microphone 
and the thermophone holds for four times the frequency 
value. 

It will be observed that the fundamental basis of 
the reference standard system is the calibration of the 
condenser microphone by sounds produced by a gold- 
leaf thermophone, the amplitude of such sounds being 
calculated from the input sinusoidal current and the 
dimensions of the gold-leaf strip. Particular attention 
is therefore drawn to the paper by Arnold and Crandall 


The laboratory in which the international metric 
standards are kept was suggested as appropriate but 
on investigation was found unsuitable, for a variety of 
reasons. Finally a suitable location was kindly placed 
at the disposal of the Committee by the Conservatoire 
National des Arts et Métiers in their Laboratoire d’Essais 
in a central situation in Paris. The staff will be pro- 
vided at the start by the French Post Office, and it is 
anticipated that the laboratory may ultimately become 
to some extent self-supporting by adopting a suitable 
scale of fees for calibrating sub-standards. 

The American Telephone and Telegraph Co. are, 
very generously, presenting the European: reference 
standard to the C.C.I. 


PRIMARY AND SECONDARY STANDARDS, 


As stated at the beginning of the first section of this 
paper, a number of replicas of the master reference 
standard will probably be required by the larger adminis- 
trations and manufacturers, and these can be designated 
“ primary standards ” and their component microphones 


+ See Bibliography, (12). + Ibid., (11). 
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and receivers would be their only parts requiring direct 
calibration against the master reference standard. 

Secondary standards consisting of high-quality tele- 
phone apparatus, practically distortionless in perform- 
ance, are at present being. used by a number of adminis- 
trations and manufacturers. 

A system of this nature has been described by the 
author.* This consists of an eddy-current microphone 
coupled to a four-stage amplifier, a variable non-reactive 
line of 600 Jo 0 impedance and maximum attenuation 


of 96 T.U., and a moving-coil hand receiver coupled to 
a three-stage amplifier. The complete circuit of the 
apparatus is shown in Fig. 17. The eddy-current 
microphone f is joined to the grid of the first valve by a 
transformer with a step-up ratio of about 14: 1. 

A polarizing current of 0-7 ampere is used. The 
eddy-current microphone has about 1/5 000th the sen- 
sitivity of the C.B. microphone. It will be observed 
that the amplifier is resistance-capacity coupled and 
that a potentiometer is incorporated to give full 4, 4 and 4 
magnification. The output transformer has a step- 


down ratio of 2:1 and gives an output impedance of 
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Fic. 18.—Transmitter frequency characteristic. 


e: High-quality system, 
. Commercial C.B. transmitter. 


about 600 ohms. The non-reactive line has three dials 
giving steps of approximately 0-1, 1 and 10 T.U. respec- 
tively. The line is built up of T-section non-inductive 
resistances. The receiving circuit commences with a 
600-ohm resistance across the line terminals and has 
three stages of resistance-capacity-coupled amplifiers. 
The potentiometer is arranged to give four steps having 
the same ratios as in the case of the transmitting circuit. 
The output transformer has a step-down ratio of 
3°75: 1. 

The moving-coil receiver has an impedance of the 
order of 500 [i 10 which varies only very slightly over 


the audio-frequency range. The moving coil consists 
of 300 turns of No. 47 S.W.G. Its former is attached 
to a piston of elder-wood pith 1 inch in diameter and 
i in. thick, and this is fixed.to an annular ring of 
oiled silk. The piston and moving coil together only 
weigh 1 gramme, and the whole moving system is under 
very slight control, contributed partly by the oiled-silk 
diaphragm and partly by three fine-wire supports 
placed equidistantly around the circumference of the 
moving coil. The ear is placed to a perforated ear 
rest at a distance of 0-25 in. from the pith piston. There 


See Bibliography, (24). t Ibid., (2) and (22). 


is very little change in acoustic loading with or without 
the ear placed to the ear rest. The whole system is 
mounted on three racks, and the central rack carrying 
the artificial line has also a voltmeter connected to a 
plug for measuring the filament, anode and grid voltages 
by plugging into the various jacks shown in Fig. 17. 

The F.A. characteristic of the microphone and its 
amplifier circuit is given in Fig. 18. The A.E. pressure 
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Fic. 19.—-Receiver frequency characteristic. 

$, Commercial Bell receiver. 
ratios are plotted against frequency. The F.A. charac- 
teristic of the moving-coil receiver and its associated 
amplifier circuit is given in Fig. 19. In this case also 
the E.A. pressure ratios are plotted against frequency. 
The overall F.A. characteristic based on the ratio of 
acoustic pressure input to acoustic pressure output is 
plotted in Fig. 20. It will be observed that this ratio 
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Fic. 20.—Overall frequency characteristic of high-quality 
system. 


at about 100 cycles is 40, rising to a maximum of 84 
at about 1000 cycles and falling to a minimum of 
about 14 at 4 000 cycles. 

The maximum deviation from uniformity is 84/14 = 6, 
which represents 15-4 T.U. The deviation of the 
transmitting end is considerably greater than that 
allowed for the reference system, whilst the deviations 
of the receiving end for the two specified ranges, 300— 
3 000 cycles and 100-5 000 cycles, are about the same 
as those given in the specification. Nevertheless the 
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overall deviation of 15-4 T.U. is less than the maximum 
allowable by the tolerance clauses for the reference 
system. These characteristics indicate that the per- 
formance of this apparatus should be very good, and 
some articulation tests carried out with it show approxi- 
mately 100 per cent articulation efficiency. These 
tests were carried out with three observers making 
six tests for each condition. Comparison tests were 
made with the same volume of sound using direct air 
transmission between speaker and listener in the open 
air, and also in a large and almost empty laboratory. 
The average result for direct air transmission in both 
open air and laboratory was 97 per cent, and the corre- 
sponding figure for the high-quality system was 96 per 
cent. 

Apparatus constructed on somewhat different prin- 
ciples, but giving transmission of the same order of high 
quality as the system described above, has been developed 
in Germany. There is a distinct field for such secondary 
standard apparatus, which forms a. connecting link 
between the reference and working standards. It is 
probable that such secondary standards may ultimately 
be found suitable for use as working standards. This 
would necessitate the introduction of distorting networks 
to give the same tone effects as the commercial telephone 
apparatus. The main advantage of such standards 
would be the elimination of the element of instability 
due to the carbon microphone. 


ACCURACY OF Volice-EAR MEASUREMENTS UNDER 
DIFFERENT CONDITIONS, 


The comparative estimate of volume by the addition 
of attenuation in circuit with the louder of two tele- 
phonic sounds until equality is attained will vary in 
accuracy with the volume level of the sounds, with the 
type of sound and with the degree of tone difference 
between them. 

The easiest sounds to balance are single frequencies, 
and if the volume level is neither too faint nor too 
loud the ear has probably the same order of accuracy 
for such sounds as the eye has for photometry of white 
light, viz 1 per cent.* Very careful balancing with 
received speech at the optimum volume level, which 
is found to be the volume using standard telephones with 
300 ohm local lines, and a junction line of between 25 
and 35 T.U. transmission, gives an accuracy, for a mean 
of three observers making six observations, of the order 
of 0-2 T.U. when there is no appreciable tone difference 
between the two conditions being balanced. 

Quite a small degree of tone difference, however, 
introduces considerable difficulty in balancing. 


RELATIONSHIP BETWEEN TRANSMITTING AND RECEIVING ' 


END RESONANCE. 


The effect of the relationship of the resonance points 
of the transmitting and receiving ends on the volume 
balance obtained is one that requires careful con- 
sideration. 

Assume a comparison between two microphones A and 
B, A having a major resonance peak at, say, 900 cycles 
and B one at 1100 cycles, If the receiver in the common 
receiving end used in the balance resonates at 1 100 cycles, 


* See Bibliography, (1) and (12). 


the volume received with the microphone B might be 
very considerably. increased, and a false estimate of the 
true comparative efficiency would thus be obtained. In 
order to obtain true comparative. efficiencies, it is 
necessary to make such tests either with a number 
of receivers having different resonance points or with a 


single receiver either’ with a major resonance point 


well away from that of any of the microphones under 
test or having no appreciable resonance points. The 
converse of course applies when making comparative 
tests of receivers using a common microphone. When 
calibrating resonating, transmitting and receiving 
working standard apparatus against the reference 
standard, a working standard transmitting end, can 
be balanced against the reference standard transmitting 
end into which the appropriate resonances are intro- 
duced by the distorting networks, but the common 
receiving end should be the reference standard in the 
non-distorting condition. In this manner a definite 
value of the volume efficiency of the working standard 
transmitting end can be obtained. In a similar way 
the working standard receiving end requires to be 
balanced against the distorting reference standard 
receiving end, using as common transmitting end the 
undistorted reference transmitting apparatus. On the 
other hand the overall volume efficiency of the commer- 
cial telephone apparatus used by any particular adminis- 
tration will depend to some exterit on the agreement 
between the resonances of the transmitting and receiving 
apparatus. If this agreement is close for the majority 
of the microphones and receivers used, the overall 
volume efficiency would be generally higher than 
would be inferred by adding together the. separate 
transmitting and receiving efficiencies obtained in the 
manner indicated above. In consequence it appears 
desirable to make overall comparisons of a number of 
individual working standard systems of each type used 
against the overall volume efficiency of the reference 
standard with both ends distorting to give negligible 
tone differences. 


THE USE OF THE RAYLEIGH Disc AS A SOUND 
MEASURER. 


The Post Office has always used the Rayleigh disc 
for basic sound measurements, primarily on account 
of the fact that it is the only known means of directly 
measuring the air-particle velocity at a point in a sound 
field, but also on account of its great simplicity and its 
invariability and the fact that it offers a minimum of 


| obstruction to the sound field into which it is introduced. 


The acoustic intensities given in this paper, when they 
are the result of experiments carried out in the P.O. 
research laboratories, are all based on fundamental 
calibration using the Rayleigh disc. A comprehensive 
investigation into the performance of the Rayleigh 
disc has recently been carried out and has resulted in 
a most satisfactory agreement between the theoretical 
calculations using Kónig's classical formula and the 
experimental result. 

The mica discs actually used by the, Post Office for 
sound measurements are 0:8 cm in diameter and 
0:0025 cm thick. The mass is of the order of 0-002 
gramme, <A mirror 0:1 cm square and weighing about 
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0-0005 gramme is attached to the centre of the disc. 
The fibre suspension is of glass or quartz 30 to 40 cm 
long and having a moment of torsion of about 0:0017 
dyne-cm per radian. The discs can be used to measure 
velocities down to 0-25 cm per second. 

The following general conclusions were arrived at 
from the experimental investigation. 

K6nig’s classical formula can be applied to the type 
of Rayleigh disc adopted for sound measurements, with 
an accuracy within the experimental error of 1 per cent. 
The thickness of the discs used and the presence of 
the small mirrors on their faces introduce no appreciable 
errors. When the wave-length of the sound to be 
measured is shorter than 5 times the disc diameter, 
errors are introduced, but even in the extreme case 
of a wave only 1-3 times the length of the disc diameter 
the error was not found to exceed 12 per cent. The 
0-8 cm discs can be used up to 8 000 cycles without the 
introduction of appreciable error. 

Comparison of Rayleigh disc and Gerlach compensation 
principle —A few comparisons have been made between 
a Rayleigh disc and an experimental model of a sound- 
pressure measuring device operating on the Gerlach 
compensation principle.* The agreement between the 
two methods was found to lie within about 5 per cent, 
which was the estimated order of accuracy of the experi- 
mental model. 

Full particulars of the investigation of the Rayleigh 
disc are given in a paper by Messrs. Barnes and West.;j 

The present author, in conclusion, desires to express 
his indebtedness to the staff of the Engineering Research 
section of the Post Office, and particularly to the group 
employed on apparatus, transmission and acoustical 
research, 


APPENDIX. 


THE FREQUENCY RANGE REQUIRED FOR THE REPRO- 
DUCTION OF SPEECH, Music, Etc. 


In connection with the design of telephonic and 
broadcasting apparatus such as microphones, loud- 
speakers and so forth, it is obvious that a knowledge 
of the audio-frequency ranges required for various 
purposes is one of the first essentials. 

Various figures have been published from time to 
time, and recently the C.C.I. in conjunction with repre- 
sentatives of various broadcasting organizations formu- 
lated a series of three ranges as follows :— 

(1) Ideal range covering perfect reproduction of 
speech, music and most noises—30 to 10 000 cycles. 

(2) Reproduction of high-quality speech and music— 
100 to 5 000 cycles. 
= (3) Reproduction of good-quality articulate speech— 
200 to 3 000 cycles. 

A chart of 11 octaves of audible sound waves is 
reproduced in Fig. 21. The three ranges. just given, 
as well as other important frequencies, are included. 

With regard to the ideal band,t it appears question- 
able whether some reduction in this range would be 
detectable even by experts when listening to speech 
and music. Considering speech first,$ it has been 


* See Bibliography, (18). rnal I.E.E., 1927, vol. 65 871. 
t See Bibliography. ( ) bau (27), (28) and (29). |” Só 


shown that vowel sounds in the voice consist generally 
of three components. The first is a fundamental, 
with a mean value of the order of 120 cycles in the 
case of the male voice and about 250 in the case 
of the female voice. This fundamental, which gives 
the characteristic pitch to the speaking voice, is pro- 
duced by the vocal cords and is sometimes called the 
“cord tone.” The next higher frequency component 
is of great importance and usually of greater amplitude 
than the fundamental. It ranges in the male voice 
from about 300 to over 900 cycles, according to the 
vowel sound, and in the female voice is about 100 cycles 
higher. The third and highest frequency component 
may range from about 600 to 3000 cycles in the 
male voice and covers much the same range in 
the case of the female voice. All consonants consist 
of a consonantal portion, a transitional portion lead- 
ing to or from the vowel sound, and the vowel 
sound. The Rts sound may come first as in “‘s,’’. 
“i,” “m,” “n,” etc., or it may be last as in “ b,” “ p,” 
sce a: Pad 005, ” etc. The hard or “ stop” consonants 
such as “ b,” “p,” “t,” “k” or“ g” include funda- 
mentals of the same order of value as in the case of 
the vowels, and a high-frequency component which is 
sometimes of higher frequency in the transitional portion 
than in the consonantal portion and sometimes the 
reverse. The frequency range for male voices is of the 
order of 1 500 to 4 000 cycles. 

The soft or fricative consonants “c,” “f,” “j,” 
s,”” “sh,” etc., have again the same order of funda- 
mental frequencies. The higher frequencies may, 
however, go up to 7000 cycles, and are generally 
of the order of 3000 to 4000. Speech sounds can 
be produced without the aid of the fundamental cord 
tone by whispering in the case of the vowel sounds. 
It has been variously considered that the higher-fre- 
quency components are harmonics of the fundamental 
or cord tone, and alternatively that they are transients 
not having a harmonic relationship to the fundamental 
(in harmonic theory). Both theories seem to be correct, 
inasmuch as harmonics of the fundamental occur, and 
in addition transients can be detected. 

- It is known that a speech sound can be reproduced 
practically perfectly without the fundamental. The 
ear can always reconstruct the fundamental on which 
the pitch of speech sounds depends. In fact it has 
been shown that the ordinary commercial telephone- 
exchange cord circuit is very inefficient until 250 cycles 
is reached,* and in consequence only a very small 
proportion of fundamental speech sounds is reproduced 
telephonically. 

Considering now the reproduction of music, on refer- 
ring to the sound chart it will be observed that the 
highest note of the organ, Cf, has a frequency of 
8 192 cycles and that of the piano, C5, 4096 cycles, 
so that little or no deviation from the sinusoidal 
wave-form would be included in the ideal band. It 
must, however, be borne in mind that the extreme upper 
notes of the organ and piano are very infrequently 
used and the correct reproduction of their timbre is 
probably of little importance. It is doubtful, even, 
whether many persons could differentiate between, 

* See Bibliography, (2). 
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say, the piano, clarionet, flute and violin when listening 
only to the single note C5. 

With regard to the lower limit, it will be noticed 
that the lowest note of the cello is 64 cycles and of 
the piano is 27 cycles, and other low notes are also 
recorded. 

It has been pointed out in the case of speech that 
_ the ear reconstructs the fundamental when the latter 
has been removed. It is questionable, however, to 
what extent this applies to a musical tone, and in any 
case practically pure sinusoidal frequencies such as 
those of organs would not be produced at all if below 
the lower limit of the band. 

For the correct reproduction of noises such as tapping, 
knocking, scraping, hissing and so on, a very wide 
Tange is required and it is in this connection that the 
ideal range of 30 to 10 000 cycles would probably be 
found to be most essential. 

Apparatus now exists which will transmit and repro- 
duce sounds practically over the whole of this ideal 
band, and by the use of filters it would be possible 
to reduce the upper and lower limits by uniform steps. 
With such apparatus it should be possible to determine 
what deviation, if any, would be permissible without 
appreciably reducing the perfection of reproduction 
of the various classes of sounds. 

We can now consider range No. 2, namely, 100 to 
5000 cycles. High-quality speech and music can be 
reproduced when using this band, and without carrying 
out elaborate tests it is difficult to say to what 
extent this represents an appreciable reduction in 
quality when compared with the ideal band. Whilst a 
good-quality broadcasting microphone and transmitter 
transmit the greater part of the ideal range, it may be 
stated that very few commercial broadcasting receiv- 
ing sets and loud-speakers cover range No. 2. The 
author, when experimenting with a number of. horn- 
type and hornless loud-speakers, connected to a good 
resistance-capacity-coupled, audio-frequency amplifier, 
and actuated by a constant-output heterodyne oscillator, 


found that an input which gave loud reproduction of — 


many frequencies between 500 and 3 000 cycles generally 
gave very much reduced reproduction above and below 
. these limits, and in most cases the loud-speakers became 
practically inaudible at 5 000 cycles. 

Range No. 3—200 to 3 000 cycles—is the one which 
gives good-quality speech transmission and is particu- 
larly applicable to long-distance loaded and repeatered 
underground cable lines. 

Attention is drawn to one other important frequency 
point. The mean speech frequency from the articulation 
standpoint is 1500 cycles. By this is meant that the 
removal of all frequencies above 1 500 cycles gives“the 
same quality of articulation as the removal of all 
frequencies below 1 500 cycles. 
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DISCUSSION BEFORE THE INSTITUTION, 17TH NOVEMBER, 1927. 


Mr. G. H. Nash: For the purposes of this discussion 
telephone transmission may be regarded as the putting 
of energy into the transmitter and the taking of it out 
at the receiver. Between the transmitter at one end 


and the receiver at' the other end the system may be. 


regarded as being made up of three parts. There is the 
instrument and its line to the exchange ; there is the 
line between the two exchanges, including intermediate 
junction switching; and there is the line from the 
exchange to the called subscriber. A very great deal 
has been thought, done, and written about the trans- 
mission properties of the lines, but, strange though it 
may seem, extraordinarily little seems to have been 
done with the telephone instruments proper, which 
consist mainly of the transmitter and the receiver. 
The first standard ever set up with the object of pro- 
viding a defined level: of performance was set up 50 
years ago by what is now the American Telephone and 
Telegraph Co., and this standard has been maintained 
to the present time. The first standard in this country 
was that set up by the author in 1904, and again by a 
very complex method of most laborious and accurate 
testing, recording, interpolating, and so on, he also has 
maintained his standard up to the present day. It is 
to be regretted that the author's standard (now the 
British Post Office standard) has been maintained at a 
different level from that of the original and still- 
maintained American standard. Now a third standard 
is appearing and is dealt with in the latter part of the 
paper. This standard is being set up by the C.C.I. in 
Paris. It is a standard the standardization properties 
of which rest on absolute physical measurements and 
therefore can be accurately maintained without recourse 
to the varying and difficult voice-ear calibrations, and 
because this new standard can be set to any level I 
make a plea on behalf of international telephony that 
the Paris standard and the American standard be 
brought into line by being maintained at a common level. 
These standards and this paper will bring to the notice 
of some other countries the absolute necessity of paying 
attention to the terminal apparatus. It is of little use 
to work out the capital costs of providing lines with 
the economic T.U. loss, if those T.U.’s saved at great 
cost in the lines are lost by using inferior transmitters 
and receivers. So many countries have perhaps not 
fully realized that the economic improvement of trans- 
mission is the improvement not only of the line but of 
the instruments as well; and it may help if each 
administration determines for itself the actual monetary 
cost of a T.U. lost, thus getting an idea of the increase 


it could afford to pay for an instrument which gained it. | 


Mr. A. J. Aldridge : The author has given us in this 
paper a description of the present telephone trans- 
mission standards and an outline of the proposed master 
reference circuit to be set up in Paris. There is no 
question that a standard of this type will be of the 
utmost value, but I think that it will not take the place 
of existing standards. In my view its chief value will lie 
in forming a definite datum line of transmission common 
to all the countries participating in the C.C.I. I think 
it will be a long time before the present standards can 
be scrapped and that trouble will be experienced if the 
master standard is used to fix the efficiencies of individual 
transmitters or receivers, as distinguished from determin- 
ing the average of a group of them. The details of the 
use of the circuit are not yet settled, but it is apparently 
the intention to distort a circuit with a substantially 
flat frequency characteristic (the standard) into one with 
a characteristic simulating that of the instrument under 
test, and to use this distorted standard in direct com- 
parison with the working standards. A similar proposal 
for a transmitter standard was made in 1913. A 
magnetic transmitter was built with a frequency 
characteristic similar to that of the carbon transmitters 
in use. Although no tonal difference could be detected 
there was apparently some inequality, since, although 
many transmitters could be accurately evaluated, others, 
although checking with one another, were given 
erroneous values when using the magnetic transmitter. 
Something of this sort may be expected with the new 
standard. It is perhaps not realized how reliable the 
present transmitter and receiver standards are if 
properly selected and cared for. It is true that they are 
not absolutely constant, but their efficiency oscillates on 
either side of a mean value. They do not steadily 
deteriorate. I have looked up the records for some of 
our own standard transmitters, and I think it will be 
agreed that they are extremely good. Ten trans- 
mitters, for instance, which had been in continuous use 
for 9 years, showed a maximum variation in efficiency 
of individual transmitters over the whole time of only 
3-2 standard miles. The average maximum variation of 
the 10 was 2:6. Twenty newer ones which have been in 
use for only 4 years have shown still better results. Their 
mean average maximum variation is 2, and that is due 
to the fact that the transmitters are better transmitters, 
and not to the fact that they have been in use for a 
shorter time. The other variation is spread indis- 
crimately over the 9 years. The same remarks apply to 
the receivers. Throughout the paper the author 
expresses pressures in microbars. In France apparently 
the “ barye” has been adopted for 1 dyne per cm?, 
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and it seems a pity to introduce the term ‘‘ microbar ”’ 
to express the same thing. Further, there is confusion 
as to whether 1 bar or 1 microbar represents 1 dyne per 
cm?, Some authors use the one and some the other. 


This multiplication of names for things is quite unneces- 


sary and only means another definition to be memorized. 
It is just as easy to write or say 1 dyne per cm? as 1 
microbar, and there is no confusion as to the meaning. 
On page 167 the author mentions some instructions as 
being out of date, but they are not yet obsolescent and 
will, I think, remain for a long time yet. On page 173 
he refers to a speech-volume measuring set. This is 
necessary when comparing instruments of different types, 
but not when comparing similar ones. That is to say, 
it may be required when testing a carbon transmitter 
against the reference standard but not when comparing 
two carbon standards. On page 179 a figure is quoted 
for the ratio of output pressure of a receiver to input 
power. This figure has little meaning unless the input 
level is also quoted. The figure of 84-5, as a matter of 
fact, corresponds to an input p.d. of 1 volt. A more 
satisfactory method is to give the ratio in terms of out- 
put pressure to the square root of input watts. Fig. 19 
is apt to be misleading as showing a much higher 
efficiency for the high-quality circuit than for the Bell 
receiver. The reason is, of course, that the high- 
quality circuit includes an amplifier, but, as the magni- 
fication of this may be anything, there seems little object 
in quoting the efficiency in absolute terms. 

Mr. L. C. Pocock : The treatment of transmitter and 
receiver standards seems to me rather perfunctory, and 
almost to suggest that the author thinks that the 
standards are now done with and that the transmission 
reference system is going to replace them. That, of 
course, cannot be; instrument standards as we have 
known them in the past will continue in use, for purposes 
which I will endeavour to make clear. Let me first 
describe two different systems of transmitter and receiver 
standards which have grown up side by side. The first 
system of standards is the system adopted by the 
British Post Office, which may be called the abstract 
appreciation of standards. The standard according to 
the Post Office idea appears to be an abstract perform- 
ance, and the instruments which the author and the 
Post Office use are calibrated instruments. A trans- 
mitter is calibrated, and its calibration is, say, 14 to 34 
miles below the standard. The standard is not a 
physical transmitter ; it does not exist in a real form, it 
is simply an abstract quantity which is preserved by 
means of certain calibrated instruments. The other 
conception of standards is the concrete appreciation set 
up and maintained by the American Telephone and 
Telegraph Co., and followed by the International 
Standard Electric Corporation in Europe. In this case 
the idea of a standard instrument is the physical instru- 
ment itself. The transmitter standards are built from 
carefully selected standard parts of shop manufacture ; 
they are finished off by hand and assembled in the 
laboratory. After that they are put through a series 
of very detailed tests before they are approved and 
accepted as standards. (A sample test sheet is repro- 
duced below.) Ten times out of twelve the procedure 
described produces a good transmitter standard within 


4 T.U. of the standard level, and there are some very 
particular advantages in making standards in this 
manner. The first is that so long as this procedure 
produces the same result we can be absolutely certain 
that our standard level has not changed. Secondly, if 
the circuit is changed, no doubt arises as to the allow- 
ances of the instruments, for they are themselves the 
standards. If the Post Office were to change their 
testing circuit they could not say for certain that one 
of their standards marked 2 T.U. below standard was 
still 2 T.U. below the standard in the new circuit. 
Finally—and from the manufacturers’ point of view this 
is the most important—the standards are models which 
can be handed to the manufacturing department to copy ; 
this function cannot in any case be fulfilled by the new 
reference system. From the manufacturers’ point of 
view it is very important to be able to show the shops 
that the efficiency they are asked to produce can be 
produced. Then, again, supposing that in the near 
future a new transmitter were to be developed, who is 
to decide what is the proper efficiency acceptance level 
for that type of transmitter ? We require a new standard ; 
a new type requires a new point on the scale of efficiency ; 
how is that to be decided ? The concrete appreciation 
of standards gives the answer immediately. We build 
a number of the new-type transmitters from the standard 
commercial parts, selected and carefully put together. 
We thus produce a number of transmitters nearly equal 
to each other in performance. That is the best the new 
type can do, and experience teaches the relation of 
the average acceptance level to the new standard, be- 
cause under mass-production conditions it is not possible 
to reach quite the same high level of performance 
as in the laboratory. It should be clear that instrument 
standards as hitherto used must continue in existence 
not only as means of making measurements in circum- 
stances that do not justify the great expense of a trans- 
mission reference system, but also because of their 
inherent ability to perform certain functions of which 
the reference system is incapable. In regard to the new 
reference system, it seems to me that the theorists want 
to define it in terms of dynes per cm’, and so on. That 
may be satisfactory for countries that have never had 
a reference system, but surely in this country it is more 
important to maintain continuity of data with the past. 
We have, I suppose, a great collection of statistics and 
information regarding the transmission allowances of 
certain lines and so on, and we should be quite certain 
when we change to the new reference system that we 
know exactly what the old data mean in relation to the 
new methods of expression. Therefore I think it would 
be better to define the new reference system in terms of 
the old system (as has been done in America); the 
physical calibration that will fix it in absolute terms 
can be determined afterwards. On page 169 no mention 
is made of the speed of dictation in articulation testing. 
This is of considerable importance. We have found it 
necessary in this kind of work to control the speed and 
we do it by means of a lamp flashing periodically. On 


page 176 the author refers to the centrally damped 


transmitter which has been used in the United States 
for some 10 years. The manufacturing reasons for 
its adoption are quite important, but what is more 
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TRANSMITTER TEST SHEET. 
: | Date Jan. 7th, 1927. 
Code description of Transmitter 4001 


Serial No. on Face 1007 
Transmitter assembled by W. A. R. 
Authorisation 12 FOR STOCK Order No. E 193 


Results of Tests. 


Quality. The transmitter has been compared with standard Nos. Li, L2, L3 of 
4001 type and the quality of the transmitter is :— 


In the Standard Test Circuit (1926) equal 


In the Power Efficiency Circuit equal 
Volume Efficiency :— 

Local Loop oe as ee os TF 0 mile 1 mile 2 miles 
Efficiency (average) .. ai + 6:5T.U. + 0:3T.U. — ó: ÖS T.U. 
Probable Error in Efficiency .. 0:15 0:10 0-21 
Calling Resistance (average) .. 38 42 48 

Standards used in the above test 1000, 1002, and 1006 

Comments | 


Burning.—Quiet Test—Max. Burning—Ist period 5 ; 2nd period 0 
Teasing Test—Max. Burning 10 


Character of breathing cycle (Zero Loop) Normal 
Max. Current 205 ; Min. Current 130 ; Min. Res. 33-5 ; Max. Res. 100 


Final Efficiency Tests. 


Date Standards used | Average efficiency Probable error {Average resistance | Probable error 
22/3/27 1004-5-8 +0-IT.U. 0-14 44 1:4 
29/3/27 1 000-2-6 — 0-58 T.U 0-2 40 0:7 
9/4/27 1 000-2-6 —0-4T.U 0-07 41 0-6 
2/5/27 1000-4-8 —0:1T.U 0-08 41-5 1-4 
14/5/27 1004-6-5 + 0-1 T.U. 0-2 40 0-6 
AA, REE |e aetna A A 
Final Average — — 0-16 T.U. 0-14 41-3 0-9 
Approved by Engineer Supervising the Tests F. R. K. 30/6/27 | 
Approved by Engineer in charge of the Laboratory LGP. 1/7/27 


Allocation of this transmitter standard 
3/9/27 Working Master Standard | 
Later History | 
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important is that this transmitter is at least 24 T.U. 
more efficient than the one in use in this country. : 

Mr. P. J. Ridd : As a member of the Post Office 
research staff I should mention that the author has 
stated perhaps over-generously his indebtedness to that 
staff, whose assistance has been mainly confined to the 
work covered by the Research Reports to which full 
reference is made in the paper. The author has amended 
the definitions of the “ bel.” and the T.U. His amend- 
ment could perhaps be extended to the definition of the 
néper, which is somewhat lacking in precision, and 1 
suggest also that the symbols P, and P, in Table 1 be 
defined. On page 175 the suggestion is made that 
permanent deterioration may be caused to a transmitter 
in the course of its life by the ingress of foreign matter 


into the transmitter, due to its breathing action. Many - 


years’ experience of the maintenance of busy telephones 
in the heart of London has led me to the view that the 
carbon of first-class transmitters does not deteriorate 
with age. The results of tests made on transmitters 
recovered after some years of service, to which reference 
is made on page 176, seem to support this view. Further, 
tests made by causing transmitters to breathe in a 
closed chamber filled with an atmosphere charged with 
dust have not disclosed any harmful effect on the 
transmitters due to the dust. On page 180 reference is 
made to machine testing by means of a rhythmic 
oscillator, and a frequency range of 600 to 1 500 cycles 
is quoted. The accuracy obtained with the use of a 
rhythmic oscillator of this type and valve voltmeter 
is On the average in agreement with voice-ear tests 
within 2:5 standard miles, but in more than 10 per 
cent of the cases the difference exceeds 5 miles. In the 
maximum it may be 9 miles. These differences are too 
great to allow the oscillator as described to be con- 
sidered as a satisfactory substitute for speech. It has, 
however, been found that by modulating the rhythmic 
frequency with a wave of 180 cycles and subsequently 
filtering out the 180-cycle wave a great improvement 
can be obtained. In tests made on 200 transmitters 


the agreement with voice-ear tests with such a modulated - 


oscillator is on the average within 1 standard mile, and 
the maximum difference 2:9 standard miles. These 


differences are of the same order as may be expected . 


to obtain on a single speech balance, and it can therefore 
be said'that for bulk testing of transmitters the test with 
the modulated rhythmic oscillator and valve voltmeter 
is a satisfactory substitute for voice-ear calibration. 
On page 185 the author says: ‘‘If the receiver in the 
common receiving end used in the balance resonates at 
1 100 cycles, the volume received with the microphone B 
might be very considerably increased, and a false 
estimate of the true comparative efficiency would thus 
be obtdined.” That is to say, if a receiver and trans- 


mitter [have common resonant frequencies, the overall 


efficiency will be greater than that which would be 
obtained if the resonant frequencies differed by 200 
cycles; It seems reasonable to assume that with widely 
different resonant frequencies a loss of efficiency would 
occur; Tests have, however, been made with receivers 
and transmitters with the frequency difference mentioned, 
200 qgycles, and it has not been shown that any loss is 
obtained with a difference of that order. For example, 


two C.B. transmitters of resonant frequencies 980 and 
1 200 cycles were tested against each other with receivers 
of resonant frequencies 950, 1070 and 1 150 cycles, and 
no difference in the comparative efficiencies was obtained. 
Again, two receivers of resonant frequencies 950 and 
1 150 cycles were tested against each other with trans- 
mitters of resonant frequencies 980, 1100 and 1150 
cycles. The 950-cycle receiver was better than the 
1 150-cycle receiver by 1-4 standard miles when tested 
with the 980-cycle transmitter, and the mean of the 
results when the receivers were tested with the 1 100- 
cycle and 1150-cycle transmitters showed the 950- 
cycle receiver to be better by 1-45 standard miles. The 
agreement is very close indeed. It may be that the 
resonant frequency differences between British standard 
apparatus and Continental apparatus will be found 
sufficient to cause certain losses. We hope to make an 
investigation to ascertain whether such losses occur, 
and apparatus is being exchanged with the German 
Government for that purpose. 

Sir Richard Paget : It is interesting to see the effect 
which telephonic work is having on the technique of 
human speech. Hitherto the spoken word has been 
comparatively unimportant as compared with the 
written word, but now the position is being reversed. 
I hope that the time will soon come when people are 
really interested in the technique of human speech, as 
being the only way that we have of transmitting and 
communicating our thoughts to our fellow creatures. 
Actually all human speech is still in an extremely back- 
ward and anomalous state. With reference to the 
vowel sounds on page 170, my impression is that the 


.“i” in pipe and the “i” in pie are the same sounds ; 


similarly, the ‘‘ ou ” in bough and the “ ow ” in how are 
the same sounds. I am sorry that the vowel “uh” 
or “er” (phonetically written 9), which Dr. Eccles has 
described as the ‘‘ after-dinner vowel,’’ is omitted ` 
altogether from Table 2. As a matter of fact, it is one 
of the most important vowels at present in use! Re- 
ferring to the author’s remarks in regard to consonants 
on page 186, I do not think it is strictly true that in 
every case there is a consonantal portion and then a 
transitional portion leading on to the vowel. Some of 
the consonants have certainly only a transitional portion. 
Vowel sounds like “t,” “p” and “k” are simply 
sounds of which the resonances begin suddenly and 
change in a characteristic manner. The initial mouth 
resonances change according to the progressive changes 
of the size of the orifice made by the tongue or lips and 
of the sizes of the resonators formed inside the mouth 
and throat. The only difference between a “t” and a 
“k” anda“ p’”’ is a difference in the change of resonance 
due to the different shapes of the resonating cavities 
through which the air passes. One other word about 
the continuing sounds such as “r,” “1,” “m,” “n” 
and “ng.” In those cases the continuing sound is by 
far the least characteristic part. What we really 
recognize those sounds by is the way in which the fre- 
quencies change. If I hum a continuing “1” sound, 
the effect of an “*1'”islost. Itis the change of resonance 
at the moment when the tongue drops and the “1” 
merges in the following vowel that enables us to 
recognize the “1” sound. That applies also to “r,” 


THE TECHNIQUE OF TESTING MICROPHONES AND RECEIVERS: DISCUSSION. 


193 


“n” and “ng.” “S” and “sh” are highly charac- 
teristic continuing sounds, while “f,” “v” and “th” 
are much less characteristic. It is very difficult to 
distinguish between a continuing “ f’’ and a continuing 
“th.” One other point which may be of interest is 
the essential difference between “p,” “b” and “t,” 
and “d,” “k” and “g.” It is not the voicing of 
“pb,” “d” and “g,” because we can equally dis- 
tinguish a “p” and “b” ora “t” and “d“ ina 
whisper. Apparently the real difference is in a difference 
of resonance, due to the action of the false vocal cords. 
In other words, there is another small additional 
resonator which comes in to change a whispered “p” 
into a whispered “b.” In every case it is a matter 
entirely of changing the resonance. For transmitting 
speech at all satisfactorily. the frequency limits ought 
to be extended. In my speaking voice the frequency 
in a sound like “ oh ” (made on a descending inflexion 
of the voice) may drop as low as 40, certainly to 60. 
The inferior limit allowed in the paper is 80, but I 
should like another octave lower. The letter “s” is 
a very ill-used consonant in telephonic circles. My “s” 


has a frequency of 6 500, and yet the telephone engineers - 


will only allow me 5000. That is not good enough. I 
hope that limits of 40 to 6 500 will be aimed at in future. 

Mr. H. B. Rantzen : On page 166 the author classifies 
the factors upon which articulation and intelligibility 
depend as volume, distortion and interfering noises. 
The last he sub-classifies into four sections, three of 
which can be eliminated, and throughout the rest of the 
paper there is no reference to either tests or experi- 
mental work on the fourth (internal noises). As regards 
the question of microphone resistance, nowhere can I 
find justification for the work, or any details of the 
actual requirements laid down for standards. Again, 
on page 180 resistance is stated to be one of two attributes 
for which tests are made on absolutely every microphone. 
Under the circumstances, therefore, I feel that the author 
should give us a hint as to how to attach significance 
to any result he might achieve. I am rather of the 
opinion that the variables concerned are likely to 
introduce such differences between test and test and 
sample and sample as to render it difficult to imagine 
how any test is going to be of definite value. Would 
the author, for example, reject, merely on account of a 
rather abnormal resistance, a transmitter or microphone 
that was apparently in perfect condition? As regards 
volume measuring sets, these would appear to be rather 
dangerous pieces of apparatus, because they are liable 
to give inconsistent results depending upon whether 
the incoming volume is low in tone and fast, or loud in 
tone and slow. The speed will frequently compensate 
for lack of actual volume. With the sets of which I 
have had a little experience it has invariably been the 
practice to introduce into the set a known variable loss, 
before the final stage, so as to bring the final indication 
back to a set mark. With that device one can obtain 
a better idea as to the actual reading of a wavering 
needle than by taking readings up and down a compara- 
tively long scale. Further, as regards the question of 
the accuracies available rather than the accuracies to 
be expected from tests, I should like the author to give 
an indication of how closely the 12 microphones on 


which the curves in Fig. 8 were based actually do 
coincide with the curves he gives, because microphone 
resistance and comparative speaking volume seem to 
me exceedingly difficult to measure accurately. In 
long transmission schemes to-day an ever-widening 
frequency range is being employed, and the references 
in the paper to the frequency range covered by the 
transmitter would appear to indicate that the intelligi- 
bility gains to be obtained on these newer long-distance 
cables are quite beyond the bounds of possibility, because 
the transmitter does not seem to function at all with any 
sort of reasonable efficiency either below 500 or above 
2000 cycles. It is the upper limit in particular with 
which we are concerned, because the C.C.I. have, I 
believe, been doing much work in recommending the 
extension of the frequency band in long-distance schemes. 

Mr. W. West: The term “ non-linear ” distortion is 
used in its widest sense in the paper. It may be sub- 
divided into (1) amplitude distortion, which is indicated 
by a lack of proportionality between the R.M.S. values 
of stimulus and response at different levels of intensity ; 
and (2) non-linear distortion, which is due to a lack of 
proportionality in the instantaneous displacements at 
any one intensity, and results in the generation of 
harmonics. These have probably, in general, a common 
cause, but the difference in the effects, I think, justifies 
the sub-division. Primarily I wish to draw attention 
to the merits of an absolute standard for volume measure- 
ments of telephone transmission. A reference to section 
(e) of the reference standard specification on page 181 
shows that not only is physical apparatus preferred to 
an absolute standard, but also that the ear is to be used 
exclusively for purposes of comparison. As the author 
has stated, the ear can only estimate sound volumes 
with fair accuracy when the tones are matched and the 
time intervals very brief; hence the necessity for 
distorting the standard to match the tone of the instru- 
ment under test. It is difficult to see how the matching 
of tones can be made a precise art. Individual frequency 
characteristics of central-battery (C.B.) transmitters, 
for example, differ considerably from each other, and 
these instruments are liable, not only to frequency 
distortion, but also, to some extent, to every other 
form of distortion. Therefore tones can only be approxi- 
mately matched, and the degree of approximation 
cannot easily be estimated or specified. It seems that, 
if the ear is to be used for volume measurement, it is 
necessary to pander to its idiosyncrasies by deliberately 
debasing the purity of the standard to the level of the 
instrument under test. I venture to suggest that for 
volume measurements some alternative to the ear 
should at least be given a trial. For example, a dis- 
tortionless microphone, embodied in an artificial ear, 
such as that mentioned on page 179, and terminated 
by a suitable electrical measuring instrument, might 
be employed. This would eliminate the necessity for 
distorting circuits when comparing the volume effi- 
ciencies of different types of instrument. It may be 
argued that more specification and more apparatus 
would be involved, but, in fact, an artificial ear is . 
necessary for calibrating the reference standard receiver, 
and this appears in the specifications under the guise 
of an ‘‘ acoustic coupler ” (which may be a better name). 
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The point is therefore that, whereas distorting circuits 
would be eliminated, no extra specification need be made. 
To sum up the argument, there are two pleas to make ; 
the first is for an absolute standard for volume measure- 
ment. This appeals to me as being the simplest, the 
most useful and the most durable of all possible 
standards. That such a standard is possible is shown 
by the fact that the electro-acoustic ratios of C.B. 
transmitters and receivers have been obtained, they are 
quoted in the paper, and are (in one form, not necessarily 
the most suitable or most complete) absolute measures 
of the performances of these instruments. It is true 
that the technique of these tests is still in an experi- 
mental stage, but so also is that of the proposed tests 
using distorting circuits for aural balancing. 1t is 
probable, too, that the existing tolerances at present 
permitted for the reference standards are too wide, but 
it is, or at least it soon will be, possible considerably to 
reduce them. 1 do not, of course, desire to see the 
master reference standard eliminated, but to see it 
used as a means of measurement in absolute units, 
and maintained by international co-operation as the 
best possible means to that end. The second plea is 


for an alternative to the ear for comparisons of volume - 


(at least when there is substantial tone difference). 
There is what may be considered as an axiom among 
telephone engineers, to the effect that the ear must be 
the ultimate judge of the performance of telephone 
apparatus. At the same time, the supply provided by 
a telephone service may logically be divided into 
“quantity ” and “ quality,” i.e. volume and articula- 
tion, and these may be measured separately but con- 
sidered in combination. For quantitative tests, I 
think that the personal element can be and should be, 
to a large extent, eliminated, and that the quantity is 
capable of absolute measurement. To complete the 
test, however, the qualitative measurements should be 
made by voice-ear methods, so that the ear may retain 
its position as the final arbiter. 

(Communicated): The comparison of sub-standard 
apparatus with the reference standard is worthy perhaps 
of discussion in more detail. If distorting circuits are 
dispensed with by using an artificial ear for the compari- 
son, the significance of the tests becomes more apparent. 
Suppose, for example, that a C.B. transmitter (a working 
standard) is to be tested against a reference standard 
(distortionless) transmitter, and suppose the trans- 
mitters to be introduced alternately into circuit and 
operated by voice, gramophone, or otherwise, and an 
adjustment to equality made on the recording instru- 
ment of the artificial ear by means of a calibrated 
attenuator—in much the same way as is done in voice- 
ear balancing tests. Such a test can be carried out 
either on the reference standard circuit or on a C.B. 
circuit, and the results so obtained will not necessarily 
bear any relationship to each other. Thus two inde- 
pendent criteria of performance are available. The 
former test is essentially the same as the acousto- 
electric ratio test described on page 177 (since no dis- 
tortion occurs beyond the transmitter). The latter 
test resembles the ordinary voice-ear volume efficiency 
tests—with the important differences that the ear is 
mechanized and the personal element thereby eliminated, 


and the performance of the standard transmitter is 
distortionless and is known in terms of absolute units. 
For quality or articulation testing, voice-ear methods 
appear to be essential; there are, however, available 
the same two methods of comparison, namely on the 
standard reference circuit, or on the C.B. circuit, and 
the results from these methods will also be unrelated. 
In the former test the loss in articulation due to the 
introduction of the C.B. transmitter into the 100 per 
cent circuit is measured; and in the latter the gain or 
loss in articulation due to the removal of all distortion 
from the C.B. transmitter, when it is used under its 
normal working conditions. (A loss in articulation, 
though not probable, is academically possible.) There 
is room for legitimate difference of opinion as to which 
test has the greater value. Personally I favour the 
method wherein the instrument under test is used under 
its own proper working conditions, if these can be 
simulated with reasonable accuracy. 

Dr. F. Lueschen : The fundamental research work 
carried out by the author in the laboratories of the Post 
Office has done very much to bring about international 
agreement on the comparative measurements on tele- 
phone apparatus. With regard to articulation testing, 
similar tests to those which the author has described 
have been made in the Bell laboratories in America 
and also in the Siemens laboratories in Berlin—the 
latter based on the relative frequency of the various 
sounds occurring in the German speech. The occurrences 
differ very much from the occurrences in the English 
speech. For instance, the “e” taken phonetically in 
German has 11 per cent of the sounds, and in English 22, 
The “ a” has 15 per cent in English and 40 per cent in 
German, and so on. What seems to me important is 
this. If one suppresses a part of the audio-frequency 
band, one obtains nearly the same articulation with 
German sounds in Germany as with English sounds in 
America and in English. The author says that the 
constituents below 300 cycles have very little value. 
That is quite in accordance with our tests. In high- 
quality systems we find that the suppression of audio 
frequencies below 300 cycles lowers the articulation by 
not more than 3 percent. This is of a highly economical 
value because the constituents below 300 cycles have 
the highest amplitudes in speech. We should need 
larger transformers and larger valves, and that would 
mean higher costs. Another advantage is that we can 
use this ‘band for simultaneous telegraphy on the same 
line. The frequencies above 2 400 cycles are, on the 
contrary, of great importance ; so I fully agree with the 
author that frequencies up to 3000 cycles are highly 
desirable for good speech transmission. We found a 
frequency of over 6000 and even over 7000 cycles of 
importance for the character of the speech, but I am 
afraid that the telephone transmission throughout the 
whole world is much poorer. There are many circuits 
in which it is only possible to transmit up to 2000 
cycles, and it seems that our normal apparatus does not 
transmit much above 2400 cycles. It is, therefore, 
useless to employ in telephone systems frequencies 
greater than, say, 2 400 cycles. This is important too 
from an economical standpoint, as the lines-are the more : 
expensive the wider the range of thé transmitted 
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frequencies. With these frequencies up to 2 400 cycles 
we get an articulation of 72 to 75 per cent. That means, 
as the author has shown, an intelligibility of nearly 
100 per cent, but I do not know whether this is true in 
international lines. -I should: imagine that in some 
cases with an articulation of 100 per cent the intelli- 
gibility would be not more than 20 per cent. Therefore 
we are not at the end of our research work in this respect. 
I hope the collaboration of the different administrations 
and manufacturers and common comparative measure- 
ments on the reference circuit under the guidance of 
the author will shortly elucidate these problems. The 
author mentioned in his paper that in Germany we made 
some high-quality systems. I think the art of electro- 
acoustic transmission has improved very much in the 
last few years. With special microphones and loud- 
speakers we get frequency curves over a range of from 
40 cycles up to more than 10000 cycles in which the 
deviation from the mean value is not more than 5 to 
6 T.U. With such systems, which we use also in 
comparative measurements for microphones, we. get 
articulation values of 97 per cent in rooms with absorbing 
walls. That is nearly equal to the value obtained 
between mouth and ear. We made such articulation 
measurements in theatres and we found that the best 
seat in a theatre has not more than between 90 and 
96 per cent articulation. There are many seats in which 
the figure is as low as 80 per cent. The systems which 
we are able to make now are of such quality that the 
Opera House in Berlin uses these loud-speakers to trans- 
mit choirs and music from a special room to the stage, 
in cases where the singers and the musicians ought not 
to be seen. Nobody can distinguish this transmission 
from the normal music. 

Mr. E. J. Barnes (communicated): With reference to 
the method of calibrating the master standard micro- 
phone, there are a few points to which I should like to 
draw attention. As I understand it, when a micro- 
phone is placed in a sound field the intention is for it 
to pick up the sound and produce a replica of the wave 
in electrical form. Any distortion introduced into the 
acoustic wave by the microphone should therefore be 
considered to be, part of the microphone characteristic. 
Now when the Rayleigh disc is used to calibrate 
a microphone in the sound-absorbing chamber * the 
electrical output is obtained in terms of the sound as it 
existed before the introduction of the microphone. 
This is therefore exactly what is required. On the other 
hand, when the thermophone is used the electrical 
output is obtained in terms of the mean pressure on the 
diaphragm. Now when afterwards the microphone is 
placed in the open, at very low frequencies the pressure 
on the diaphragm will be approximately that which 
existed in the sound field in the absence of the micro- 
phone, but at very high frequencies the wave will be 
totally reflected by the face of the microphone and the 
velocity component converted into pressure so that the 
pressure recorded will be approximately doubled. At 
intermediate frequencies the pressure on the diaphragm 
will lie between 1 and 2 times the pressure in the open 
field. I believe that this transition occurs in the audio- 
frequency range. With the usual shape taken by a 


® See Journal I.E.E., 1926, vol. 64, p. 1023. 


condenser microphone it does not appear likely that 
it will be possible accurately to calculate the relation 
between the pressure on the diaphragm and that which 
existed in its absence. Lord Rayleigh gives some data 
for the case of a sphere. The condenser microphone has 
a recess in its front and it is possible that this will act 
as a sort of Helmholtz resonator giving a blunt peak 
in the response curve, or in other words the diaphragm 
is not in direct connection with the outer air, but is 
connected by the air in the recess which will offer an 
impedance varying with frequency. There is another 
point ; the microphone diaphragm is controlled by its 
elasticity and that of the small air cushion behind it 
when used in the open air, but when it is being cali- 
brated a second small chamber (filled with hydrogen) 
is added in front and the total restoring force on the 
diaphragm is therefore altered. Whether this has any 
serious effect I am unable to say. In short, there 


appear to be three possible sources of differences 


between the frequency/amplitude characteristic of the 
microphone under conditions of use and that obtained 
when calibrating by means of the thermophone. On the 
other hand, the Rayleigh disc can be used to give the 


characteristic as it exists under working conditions. 


Mr. A. Campbell (communicated): In Articulation 
Card No. 46, what is the reason for writing all the final 
consonants double, like ‘‘ linn, vill, tidd, hett, tudd ” 
and not “lin, vil, tid, het, tud”? Why write “seck” 
and ‘‘ick’”’ and not “*sec'*and “ic”? Inthe Pronuncia- 
tion Card, why have three symbols for the diphthong in 
“ pipe” and two for that in ** howl” ? Surely this is 
all very unscientific; the source of the weak nomen- 
clature is doubtless our inefficient and irrational English 
spelling. The key-words for the vowels in Table 2 
may be clear to a Southerner, but for the benefit of 
Scotch and Irish readers I would point out that by the 
or in “ port ” is meant the aw in “ paw.” On my own 
tongue “port” and “bone” have the same vowel 
sound. I mention this point to show that dialect may 
influence intelligibility. In Table 2, final “r,” being 
silent in Southern speech, should not be included among 
the final consonants. In the Appendix it is stated 
that “all consonants”’ include a glide and a vowel 
sound. This is an extraordinary statement. The 
author evidently means “all the English names for 
consonants.” Fig. 21 shows in an excellent way the 
difficulties of transmitting music. One notices that 
100 cycles per sec. is called a satisfactory lower limit 
for high-class transmission of music, and yet it almost 
cuts out the lowest octave on the ’cello and the lowest ` 
two octaves on the average organ. This sacrifices all 
the grandeur of the long pipes and elaborate pedal 
work of the organ. 

Drs. H. Salinger, M. Griitzmacher and E. Meyer 
(communicated): We are especially interested in the 
electro-acoustic ratios given in the paper. In trying, 
however, to compare the values of the British and 
German receivers, we found a considerable difference 
in the manner in which these ratios are defined and 
measured in both countries. The matter is of some 
interest and deserves to be explained a little more fully. 
The frequency/amplitude characteristic was determined 
for 7 receivers of different origin; that is to say, the 
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input voltages of the receivers were compared for 
various frequencies with the acoustic pressures at the 
end of a coupler differing only slightly from that shown 
in Fig. 16. As an average, taken for the frequency 
range of 500 to 2500 cycles, we found 85 microbars 
per volt. In the paper, on the other hand, the E.A. 
ratios were determined by measuring the average input 
voltages and output pressures for speech. In order to 
reduce our figures to'the British ones we may proceed 
in the following manner. The author used English 
speech. The frequency distribution of energy in English 
speech has been determined by Crandall and Mackenzie.* 
Their figures are mean squares, so we may take the 
roots of these figures in order to get the relative fre- 
quency distribution of the pressures. The a.c. volt- 
meter with which Mr. Cohen measured the input 
voltages of his receivers therefore gives a deflection 
proportional to` 


Al [vB amar] 
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where f = frequency, E(f) = energy for the frequenc 
f as given by Crandall and Mackenzie, and M (f) =A.E. 
ratio of the transmitter. The formula assumes that 
the a.c. voltmeter reads R.M.S. values; moreover, 
reflection effects between the receiver and the trans- 
mitter are neglected. If R(f) is the E.A. ratio of the 
receiver as determined by the frequency/amplitude 
characteristic, then the pressure output measured for 
speech will be 
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Therefore our receivers, the R(f) of which has been 
determined by us, would by the speech method give 
an E.A. ratio 
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The author does not say which type of transmitter he 
used. For a distortionless transmitter we get 96 
microbars per volt, but assuming that the author used 
the solid-back C.B. transmitter the frequency charac- 
teristic of which was given by him in a previous paper, f 
we find 278 microbars per volt. The comparison of 
these figures, which of course cannot be regarded as 
definitive, shows the importance of a universally 
accepted method of defining the E.A. ratios. The same 
reasoning applies, of course, to the A.E. ratios of trans- 
mitters. 

Major B. J. Stevenson (communicated) : The only 
aspect of the paper in regard to which I should like to 
make a few remarks is that dealing with the method 
of making articulation tests. (1) It seems to me that 
the basis adopted for the analysis of the English language 
is not perhaps so good as it might be. The vocabulary 
used in newspaper articles is not, in my opinion, entirely 
representative of that which is normally employed in 


* Physical Review, 1922, vol. 19, p. 221. 
t Journal I.E.E., 1926, vol. 64, p. 1023, Fig. 14a. 


telephone conversations. I think that the text of a 
modern topical play, or even a novel, containing plenty 
of dialogue, would more nearly represent the sort of 
vocabulary with which telephone apparatus normally 
has to deal. (2) The system of orthography used in the 
compilation of the articulation test cards might, I 
think, be improved. The author has explained to me 


| personally the system he has adopted, and the weird- 


looking syllables are really not so bizarre as they seem 
at first sight. I think, however, in view of the fact that 
they will be used in the Reference Standard laboratory 
in Paris by a testing staff composed of men of different 
nationalities, the opportunity might be taken of adopting 
a system of orthography based on phonetics, such as 
that invented by Sir Isaac Pitman, of shorthand fame, 
or perhaps that adopted by Dr. Zamenhof, the inventor 
of Esperanto, whose system of pronunciation has been 
highly successful, although used by so many different 
nations. (3) I understand that in the analysis of the 
text of the newspaper articles, what has actually been 
done has been to split up individual words into their 
component syllables. This, I think, is misleading. 
In the pronunciation of English or any other language, 
pauses are made not only at the end of words but often 
in the middle of words. What determines the position 
of the pause is very largely a personal factor, depending 
on the lung power of the speaker; those who breathe 
more deeply than others pause less frequently. The 
termination of one word frequently forms, as it were, 
part of the pronunciation of the following word. The 
system adopted would be quite unsuitable for the 
French language and, at any rate in the first instance, 
the French language would be mostly employed in 
connection with the Reference Standard laboratory, 
where the author’s plan will be applied internationally 
in practice in the near future. As is well known, in the 
pronunciation of French the decision. whether the final 
consonant shall be pronounced or not depends upon 
whether the following word begins or does not begin 
with a vowel. í think a better plan would have been 
to regard the whole text as one long. woid and to split 
up that word into its component syllables according 
to the system of syllabification which has become 
standard and which is described in most standard 
dictionaries. I feel that if this system were adopted, 
the results of the analysis in respect to the occurrence of 
monosyllabic sounds might be very different. (4) The 
foregoing remark brings me to the next point. I very 
much doubt whether 25 monosyllabic sounds adequately 
represent all spoken unit sounds used in speaking 
ordinary English, even when it is borne in. mind that 
in this number of 25 are not included monosyllabic 
sounds which occur less frequently than twice in every 
100 sounds. There are at least 20 distinct sounds 
employed in pronouncing the vowel and vowel-diphthong 
sounds, all of which occcur quite frequently in the 
English language, and there are at least 30 separate 
and distinct sounds used in the pronunciation of con- 
sonants and consonant-diphthongs. A calculation based 
on permutations and combinations of vowel sounds 
and consonant sounds gives us a possible total of about 
three-quarters of a million of monosyllabic sounds ! 
However infrequently many of the sounds represented 
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in this total are employed—if employed at all—the 
difference between 25. and three-quarters of a million 
is so great as to leave one somewhat bewildered. (5) It 
is necessary, also, to regulate the speed of pronunciation, 
and in Germany, apparently, this is done by means of 
an optical metronome. (6) The suggestion‘ occurs to 
me that it would be desirable to adopt some system of 
varying the pitch of voice with which each syllable is 
pronounced. I have no doubt that the author could 
suggest some system (e.g. by the use of tuning forks 
or otherwise) to provide for this. It is well known that 
in Italy male voices are generally tenor, and in Germany 
largely bass. Telephone apparatus, therefore, which 
might be very suitable for'general use in Italy might 
not be so efficient in Germany. Moreover, variations 
in the pitch of voice would take account of the varying 
efficiencies of apparatus at different frequencies, and 
also provide for an important item connected with the 
intelligibility of speech, viz. intonation. The importance 
of intonation is not often appreciated. It is of parti- 
cular importance for the French language. I have been 
told by a well-known teacher of French that it is of 
much greater importance to acquire correct intonation 
than correct articulation, for the purpose of making 
oneself understood to Frenchmen. The reproach made 
by Frenchmen against Englishmen speaking French is 
mainly directed against their disregard or negligence of 


correct intonation, although this is not generally realized. 
(7) Finally, I should like to refer briefly to the suggestion 
that other largely-spoken languages might be analysed 
for the purposes of articulation testing. Such an analysis 
has already been very thoroughly accomplished in 
connection with another art or science, intensively 
developed as the result of the war, viz. cryptography. 
All the principal European languages have been pulled 
to pieces and investigated in regard to their individual 
peculiarities, with microscopic precision, and not much 
remains to be done in this direction. The bases of the 
analysis have been of enormous range, covering every 
possible description of matter. I have had occasion 
myself to make such analyses of the French, German 
and Russian languages, and have very full details. 
These would of course have to be transformed from the 
written form of the language to its spoken form, but 
this could easily be done by natives. If the author 
considers that this information might form an interesting 
adjunct to his paper, or to the data which he has accu- 
mulated in connection with his work as President of 
the Special Committee charged with the work of the 
Reference Standard laboratory, I shall be very happy 
to place the data at his Epa: 


- [The author's reply to this discussion will be found 
on page 199.] | 
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Mr. F. G. C. Baldwin: On page 176 the deleterious 
effect of the mouthpiece grid of the microphone is 
referred to. It would appear that the size of the mesh 
is an important factor. .No doubt experiments have 
‘been made as to the effect produced by different sizes 
of mesh and also the position of the grid relative to the 
diaphragm. If subscribers could be induced to refrain 
from jabbing the diaphragm with pencils and other 
articles the grid might be dispensed with. If this were 
done, can the author say what the gain would be? 
Subscribers are frequently persuaded to attach to the 
mouthpiece of their microphones various devices for the 
alleged purpose of destroying microbes and increasing 
the transmission efficiency. No doubt the author has 
seen some of these devices and can give us some interest- 
ing information as to their effect upon the talking 
efficiency of the microphone. On the same page the 
author speaks of a microphone giving an e.m.f. and also 
refers to it as a power amplifier. This idea is somewhat 
new to me. I had been led to look upon a microphone 
as'a means of varying the current passing through it. 
It is clear that a microphone cannot actually increase 
the e.m.f. applied to its terminals, but since that e.m.f. 
is constant the current will be, decreased when the 
resistance of the microphone increases, and ‘increased 
when the resistance of the microphone decreases. In the 
latter case the power will be increased. I shall be glad if 
the author will say if this way of looking at the matter is 
correct. A power amplification of 200 seems remarkable 
for a microphone. The difficulties encountered in the 
determination of the behaviour and efficiency of. tele- 
phone microphones and receivers are very largely due 


VOL. 66. 


to the impracticability of measuring with accuracy the 
characteristics of the numerous and complex sounds 
which comprise speech. The author points out in the 
early part of the paper that the testing of telephone 


_ instruments must be done by speech and listening, but 


on page 180 he presages the elimination of the personal 
element and its replacement by machines. I presume 
that the 2 transmission units referred to on the same 
page may be regarded as the minimum error introduced 
by the defects in, or lack of, the requisite sensitivity of 
the human ear and that the author is hopeful of eliminat- 
ing this error. In Section 2 he refers to the use of 
a moving-coil hand receiver. I presume the instrument 
shown in the right-hand top corner of Fig. 17 is of that 
type. I was not aware that a moving-coil receiver for 
use in the hand had any practical use and I think that, 
if in his reply the author would give details of it with 
a sketch showing its construction, the utility of the 


‘paper would be. increased. Similar particulars of the 


eddy-current microphone shown in the same diagram 
would, I think, also be appreciated. Will the author 
also say by whom the moving-coil hand receiver has 
been developed and can he tell us anything of the 
origin of the moving-coil receiver which is now becoming 
common in connection with broadcast reception ? What 
is the necessity for screening the eddy-current micro- 
phone and its leads in Fig. 17, which appears to be the 
only screening used in this diagram ? Broadcasting has 
introduced a number.of new problems to telephony and, 
as shown by the author, the transmission of music and 
other sounds in addition to speech has increased the 
frequency range over which telephone apparatus em- 


14 
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slayer: for music asemien must function satis- 
factorily, and methods of measurement have conse- 
quently been affected. In the appendix the author 
gives some valuable information respecting the frequency 
range required for broadcasting, and the chart in Fig. 21 
is of special interest to those concerned with broad- 
casting. On page 186, frequency range No. (2) gives 
‘200 to 3 000 cycles for the reproduction of good-quality 
articulate speech, but later on it is stated that the 
frequency range for male voices is of the order of 1 500 
to 4000 cycles. There seems to be some disparity 
between these figures, and the author’s E thereon 
would be appreciated. 

Mr. G. F. Bellwood : On page 169 the suoi states 
that, owing to the extensive use of loaded cable lines 
_ in modern telephony, the standard type of telephonic 
transmission line is represented more accurately by a 
non-reactive (distortionless) artificial line than by the 
use of artificial 20-Ib. cable lines. This is quite agreed, 
but is the policy a wise one? Would it not be better 
to use standard 20-lb. cable, in order that normal com- 
mercial conditions might be encountered, and seeing 
also that at present the bulk of our local underground 
lines are neither loaded nor balanced? The microphone 
or receiver which gives the best resuits under these 
conditions should be adopted. On page 171 the author 
gives extensive details of the present C.B. microphone 
known as the “ White ” solid back, which he refers to 
as the standard commercial instrument in this country. 
The diagrams on page 172 all refer to common-battery 
working, either of the Hayes repeating coil or Stone 
system with inductive feeds. The normal resistance of 
the microphone may be taken as 55 ohms for C.B. 
working, for which it is generally used, but the inventor 
claims that it is equally efficient for primary battery 
working, i.e. 2 cells in circuit with the transmitter and 
primary of the induction coil, provided that the quantity 
of granules is increased in order to decrease the trans- 
mitter resistance. As this type of transmitter is well 
known for its power, freedom from packing, efficient 
damping and general efficiency, it would be interest- 
ing to know why it has not been more generally used 
for local-battery working, especially as fixed trans- 
mitters are coming into more general use. Have any 
modifications of this type been tried for local-battery 
working ? If so, can the author state what the results 
have been? Have any experiments been carried out 


with a transmitter of different dimensions from the : 


standard ? .On page 171 the natural period of micro- 
phone diaphragms is given as 1200 cycles and on 
page 176 it is stated that under working conditions the 
microphone is very inefficient below 600 and above 
2000 cycles, and also has pronounced mechanical 
resonance peaks about 1 000 cycles and less pronounced 
but very broad acoustical resonance extending between 
1 500 and 2000 cycles. How do these data compare 
with those for other commercial types of microphone ? 
As stated on page 176, the Bell type of receiver has 
been in general use for many years and is probably the 
most successful receiver on the market. As far as I 
know, the expansion trouble due to the length of the 
permanent magnet has been overcome by the method 
of clamping, but there must still be slight expansion 


between he fp: of the Jeaan magnet and the top 
of the electromagnet. Probably, however, the air-gap 
between the top of the pole-pieces and the diaphragm 
is sufficient to allow for this expansion. Have any 
improvements been made in this connection? Some 
years ago the solid receiver was introduced, but 
apparently it was not a success. The section of the 
paper dealing with the frequency range required for the 
reproduction of speech and music is extremely interest- 
ing. We are there told that good-quality articulate 
speech ranges from 200 to 3000 cycles. This shows 
why the lower notes of a man’s voice are not clearly 
reproduced on a telephone. In other words we get 
volume withqut the necessary “' pitch ” and “ timbre ” 
or quality of the voice, and bearing this in mind I think 
that “ articulation ” and “ intelligibility ” mentioned on 
page 167 might be augmented to include pitch and 
timbre as well as. volume, if volume is intended to 
represent loudness or intensity. In making voice- 
speaking tests, standard apparatus is used for com- 
parison purposes and the instruments may be considered 
to be perfect for this particular test, and it is assumed 
that the efficiency of the apparatus to be tried out 
must, as nearly as possible, approach that of the standard 
instruments. If this is the case, it may be of interest 
if I state that numbers of transmitters recently supplied 
for use have been found to be defective, inasmuch as, 
although they function correctly when placed on a tele- 
phone circuit, they become ‘‘ dead ” when allowed to 
rest arid do not respond to voice volume until the 
transmitter is either moved slightly or tapped with the 
finger. I refer particularly to primary battery trans- 
mitters of the inset type. If adequate testing is done 
by the manufacturers, it becomes a question as to why 
these defective items come to leave the makers at all. 
It would be interesting to know whether the simpler 
class (b) standards mentioned on page 167 are in general 
use by telephone instrument manufacturers. . 

Mr. T. Davidson : Referring to Figs. 6 and 8, can 
the author -explain why the microphone resistance in- 
creases with increase of speech volume? The natural 
expectation would be that increased volume would 
result in increased acoustic pressure on the diaphragm 
and a corresponding decrease in resistance of the carbon 
granules. In Fig. 6, curve A shows that the resistance 
of the microphone decreases as the current increases. 
Is this due to the heating effect of the current on the 
carbon granules? On the subject of local line sending 
and receiving allowances, the curves shown in Figs. 10 
and 13 are interesting as they show the large proportion 
of loss due to the subscriber's loops. Taking the limit 


of commercial speech as 40 T.U., it will be seen that the’ 


sending and receiving subscribers’ loops, a total distance 
of perhaps 6 miles, will account for one-third of the 
transmission loss in a telephone conversation, the 
geographical limits of which may be well over 1 000 miles. 
Does the author consider that the present-day practice of 
relying largely on 64-lb. conductors for the subscriber's 
end makes for efficiency ? In the paragraph relating to 
the acousto-electric characteristics of C.B. solid back 


‘transmitters on page 176, I should like to have seen 


some further information regarding the influence of the 
shape of the mouthpiece on the efficiency of the micro- 
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phone. In this connection can the author say what 
the results of experiments have been where the 
mouthpiece has been done away with altogether, 
and whether any improvement in articulation has 
resulted ? 

Mr. J. Markey : How is the basis of 300 ohms line 
resistance, quoted in several instances, arrived at? 
Does it include the resistance of the internal wiring and 
the telephone in the speaking position ? In the Section of 
the paper dealing with “ Ageing Tests of Microphones,” 
mention is made of various tests which are applied to 
transmitters. Were these tests restricted to the solid- 
back type? I have noticed in practice that a common 
fault of the inset type of local-battery transmitter is a 
disconnection which takes place while no current is 
flowing in the circuit and occurs between the diaphragm 
and the carbon granules. 
the circuit does not cure the fault, which exists until 
the transmitter is given a slight knock. The test using 
the steel cylinder does not seem effective as the vibration 


caused by the first step of the cycle gives a mechanical ' 
jar which, in practice, is not always obtained by the | 


removal of the receiver from the switchhook. Under 
the heading of ‘‘ The Effects of Moisture ” it is stated 
that the transmitters were subjected to exposure in 
atmosphere saturated with moisture during the first 
half of the test, but this, I contend, is not conclusive 
as, in practice, transmitters are subject not only to this 
condition but also to one accruing from telephone users 
having very humid breaths. The condensation of the 
moisture on the diaphragm causes a general creeping 
corrosion inside the transmitter, reducing its effectiveness 
to a serious extent. Would the barometric changes, 
which would occur were the chamber hermetically sealed, 
cause loss of efficiency to so great an extent? Alterna- 
tively, associated with a slight remodelling of the trans- 
mitter chamber, could not a mouthpiece be devised 
which would allow the condensed moisture to drain 
outside the transmitter and so obviate general internal 
corrosion? If under the heading of “‘ Machine Testing 
of Telephone Instruments ” the probability of abandon- 
ing the bulk testing by means of voice and ear implies 
the discontinuance of the present standard transmission 


or speaking test, a step will have been made in the.right | 


direction. Within my own personal experience I have 
found that there can be no definite line of demarcation 


The application of current to , 


between a good and a bad transmitter. In fact, I have 
known of instances where “O.K.” has been given on 
circuits where the cells have been in the last stage of 
exhaustion, and, further, even the most careful speaking 
test cannot determine that the faintness is due to the 
timbre of the voice of the distant speaker. 

Mr. W. Weightman: In the ultimate testing of 
telephone instruments, the author states that, in all 
except minor testing, at least three observers A, B, C, 
will always be employed. Could not A’s duty, which 
consists solely in the speaking, be substituted by the 
use of a machine adapted for reproducing and sending 
out to the transmitter any form of speech or musical 
note required ? A magneto pick-up, reproducing from 
an electric process record, through an amplifier, to a 
coil-driven cone speaker would give an excellent standard 
of speech or tone for test purposes. Probably observer 
B could operate in addition to his other duties. Can 
the author say whether, in measuring speech articulation, 
the conveying of monosyllabic sounds to an electrically 
recorded record and reproducing via a speaker would 
give the desired results ? Could the printed test cards 
be dispensed with if this method was adopted, taking 
into account the fact that the use of records would give 
facilities for tests in any language, and also, it is 
thought, gain a standard of efficiency which may not 
always be obtained from different observers making the 
tests? With reference to ageing and the effects of 
moisture on carbon-granule microphones, the author 
states that, from tests made with well-constructed solid- 
back microphones made up with good carbon electrodes 
and granules, ageing has little effect and that any 
deterioration of efficiency due to moisture is negligible. 
It may be pointed out that most of the trouble in these 
respects is experienced with the inset type of transmitter. 
It would be interesting to hear the author's views on 
the possibility of manufacturing a cheap kind of com- 


mercial microphone to be enclosed in a vacuum—a 


lightly constructed article which would, when finished, 
have the appearance of a new type of valve, from which 
two pins forming the. electrodes would project for 
socketing to a free diaphragm. In connection with the 
transmission efficiency of open lines (trunks), it would 
be interesting to know whether, in the near future, 
valve repeaters may be used to obviate the heavy cost 
of erecting heavy-gauge copper wire. 


THE AUTHOR'S REPLY TO THE DISCUSSIONS AT LONDON. AND NEWCASTLE. 


Mr. B. S. Cohen (in reply) : Mr. Nash points out that 
although so much has been written with regard to line 
transmission, very little has been done with regard to 
the telephone instrument. It is thought that to a 
great extent this has been due to the absence of definite 
data, both electrical and acoustical, Many of the 
electrical and acoustical constants of telephone instru- 
ments have been very difficult to measure accurately, 
and the variations are far greater than those occurring 
with the corresponding line constants. With the rapid 
improvements in methods of measuring the electrical 
and ‘acoustical constants of telephone apparatus when 


subjected to speech sounds, it is hoped that these diff- 
culties will disappear. Mr. Nash refers to the difference 
between the present American and British standard 
levels, and hopes that the new reference standard will 
be set at the same level as the American standard. 
One of the elements of difference between the present 
American and British standards is, as Mr. Nash is 
doubtless aware, due to the methods adopted in voice- 
ear balancing, and to differences in the standard 
circuits used. Comparison’ between British and 
American standard instruments made by means of the 
reference standard and using identical methods of 
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balancing, etc., will be of considerable interest, and will 


no doubt be made soon after the setting up of the 
reference standard. — 

Mr. Aldridge considers that the new reference standard 
will not take the place of existing standards, and I 
agree with him. It is clearly indicated in the present 
‘paper that, where instrument standards exist at present, 


these must be retained as working standards, and that | 


all administrations and manufacturers should in future 
have such working standards. To what extent the 
individual values of a working standard obtained 
against the referenee standard can be utilized for com- 
parison will be readily ascertainable after a sufficient 
number of such values have been measured and re- 
measured after suitable intervals of time. It is obvious 
that a considerably smaller number of instrument 
standards will be required in the future, seeing that their 
reference basic value will be that of the invariable 
reference standard and not obtained by an elaborate 
cross-checking : between a large number of individual 
instruments. It is agreed that the results obtained 
with the existing British microphone and receiver 
standards are surprisingly good, considering the diff- 
culties. It is not thought that any comparison can be 
made .between the early attempts to give an electro- 
magnetic microphone the tonal value of a C.B. micro- 
phone by mechancial damping devices, etc., and without 
the assistance of thermionic amplifiers, and the modern 
method ‘of taking a substantially distortionless micro- 
phone and producing the necessary tonal effects by an 
electrical network which can be readily adjusted and 
modified .to any extent desired without touching the 
microphone during the operation of the latter. How- 
ever, the practicability of the distorting-network scheme 
cannot be definitely determined until the reference 
standard laboratory is working. In this connection I 
agree with Mr. West that some alternative to the ear 
may prove to be the best solution of the difficulty of 
balancing when slight tone differences exist. Mr. 
Aldridge’s objection to the microbar appears to me 
quite irrational. The bar and the millibar are now 
generally accepted units representing 1000 000 dynes 
per cm? and 1000 dynes per cm? respectively, and 
the microbar for 1 dyne per cm? is the logical 
nomenclature. It is not agreed that a speech volume- 
measuring set is only necessary when comparing 
different types of microphone. Mr. Aldridge should 
remember that the volume-measuring set in use in his 
laboratory was developed for the very purpose of 
standardizing the speech volumes used in making 
balances in two different centres on the same carbon 
- microphone standards. The only direction in which the 
instruction on voice-ear volume balancing will shortly 
become out of date is likely to be by the substitution 
of non-reactive cable for standard cable and the cali- 
bration of transmission volumes in decibels instead of 
standard miles. _ 

It is not thought that Mr. Pocock has any justification 
for stating that the treatment of working standards. in 
this paper is perfunctory... Indeed, the greater part of 
the paper deals with questions relating to such standards. 
Mr. Pocock refers to the differences between the British 
method of standardization and the American method, 


which he describes as abstract and concrete appreciation 


‘methods respectively. I can see no warrant for these 


titles. The methods used in both cases might be fairly 
described as combinations of the abstract and the 
concrete, and with about the same proportion in both 
cases. Space will not permit of my including all the 
test sheets used in calibrating a dozen new standard 
microphones by the British method, but I can assure 
Mr. Pocock that this method is at least as comprehensive 
and elaborate as that indicated by the test sheet he 
publishes. : The obtaining of the best results by build- 
ing up the best possible instruments by hand and 
endeavouring to bring the shop product up to the 
value thus obtained, is obviously the correct manu- 
facturing method and is equally obviously an imprac- 
ticable method for the operating organization with no 
manufacturing facilities. That the method does not 
necessarily result in greater appreciation than the 
British method is well indicated by the fact that the 
American standard microphones are, by direct comparison, 
less efficient than the British. Sufficient upward drift 
in the case of the British base line to account for this 
difference is ruled out by a number of checks, the only 
one of which'I propose to mention here being that many 
recovered ancient C.B. microphones agree in efficiency 
with the British standard at its present-day value. 
The speed control of articulation by means of a periodic- 
ally flashing lamp as used by Mr. Pocock and also in 
Germany may form a very convenient method. On 
the other hand no difficulties have been found in getting 
consistent results without such a device. The state- 
ment that the centrally damped microphone is at least 
24 T.U. better than the one in use in this country is 
interesting and definitely contradicts statements made 
previously by the company of which Mr. Pocock is a 
member. Mr. Pocock considers it advisable to define 
the reference system in terms of an existing standard. 
What it is hoped to do in practice is first to set the 
reference system to a definite level which is agreed on 
as approximating to the average level of telephone 
instruments in general use by all administrations, and 
then to define all existing standards in terms of the 
reference standard. 

Mr. Ridd refers to the definitions of transmission 
units ; these have been amplified. The suggestion that 
foreign matter accompanying moisture is deposited on 
carbon granules and permanently affects the efficiency 
of the microphones after the moisture has evaporated 
was made originally to explain cases of what appeared 
to be permanent deterioration after a drop in efficiency 
apparently due to moisture. The efficiency could only 
be partially restored by drying out the microphones, 
and it was in consequence difficult to explain the result 
except by some such theory. It is interesting to note 
that a rhythmic oscillation of 600-1500 cycle range, 
modulated by a wave of 180 cycles which is subse- 
quently filtered out, is an efficient substitute for the 
human voice in transmitter testing. Such a substitute 
should prove of great value for volume measurements 
and particularly for bulk testing. Mr. Ridd mentions 
tests which seem to indicate that the relationship 
between the resonant frequencies of the sending and 
receiving apparatus does not play much part in the 
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overall volume efficiency. If this is found to be 
generally true it is to be welcomed, as it will remove 


one of the possibilities of complication. This matter 


will, however, have to be fully investigated with all 
classes of telephone instruments in general use. 

Sir Richard Paget has made a valuable contribution 
to the discussion, and his remarks regarding the arti- 
culation lists will be borne in mind when these are 
reprinted. .With regard to limiting frequencies in 
ordinary telephone circuits, it is with much appre- 
hension I have to inform Sir Richard that the lower 
limit is determined by the cord circuits in almost uni- 
versal use, which cut off at about 200 cycles (see Journal 
I.E.E., vol. 64, pp. 1042-1044), so that the funda- 
mental frequency of most male speakers is never 
transmitted. Also to work to an upper limit of 6 500 
cycles would involve a very large expenditure without 


the justification. of any really perceptible increase in 


telephone conversation intelligibility. 

Mr. Rantzen refers to internal noise. Endeavours 
are being made to formulate a quantitative test for 
internal noise, and as the method is still in the experi- 
mental stage it was not referred to in the paper. The 
resistance test of microphones is carried out in a variety 
of ways, and the normal test is mentioned on page 173. 
As there stated, trained men get surprisingly consistent 
results, and microphones are constantly being accepted 
or rejected on their integrated resistance values which 
are of considerable importance from both the trans- 
mission and signalling standpoints. The volume- 
measuring sets when used in the correct manner give 
consistent results and valuable information. The set 
is intended primarily to determine the level at which 
volume balancing is effected, and the latter is carried 
out using uniform speech sounds (generally the words 
“one two, three, four, five”) intoned at a uniform 
rate. With a suitable measuring instrument there is 
very little needle wobble. With regard to intelligibility 
gain by employing a widening frequency range, it must 
be borne in mind that if the F.A. characteristic of a 
C.B. microphone, such as the one shown dotted in 
Fig. 18, is drawn for a sufficiently large scale, there will 
be a definite, although comparatively small, output 
above and below the frequency limits indicated, and 
the microphone output is enough above 2 000 cycles to 
enable a definite improvement in intelligibility to be 
obtained by raising the cut-off point of the line plant a 
few hundred cycles above that value. It must also be 
remembered that improved line plant would admit of 
advantage being taken of any improvements in telephone 
instrument intelligibility, and that such lines would be 
available for higher-quality transmission than is required 
for ordinary telephonic purposes. 


Mr. West differentiates between distortion which . 


results from lack of proportionality between the R.M.S. 
values of stimulus and response at different levels of 


intensity, and that resulting from lack of proportionality . 
between instantaneous responses at one intensity. . 
The second effect mentioned, of course results in.the : 


.gengration of harmonics. It may also be pointed 


4 


out that it is impossible to have distortion que to the . 


first: effect unaccompanied,.by the production ,of har- 


,. «Monics, as a result of the second effect. There is a- 


” 


3 included magazine articles. 


close and very definite relationship between: the two 
effects which justifies their being coupled together under: 
the term ‘non-linear distortion.” . As previously: 
mentioned, I agree with Mr. West as to the desirability 
of carrying out comparative volume tests using sub- 
stitutes for the ear, and it is to be hoped that a suitable 
method will ultimately be developed which will eliminate 
the personal equation and also enable comparative 
tests to be accurately made between instruments 
possessing considerable tone difference. Such methods, 
however, can only be introduced after long-period 
comparative tests side by side with the voice-ear method. 

Dr. Lueschen’s remarks about the frequency range 
are interesting and very valuable from the practical 
telephone-engineering standpoint; and I am glad to 
see they are in close agreement with the conclusions 
reached in the paper. It is agreed that the relations 
between articulation and intelligibility from the inter- 
national line point of view will require determination, 
and this will involve a good deal of research. . The use 
of a high-quality telephone system as a substitute for 
a chorus on the stage of the Berlin Opera House, indi-: 
cates the advances that have been made in such systems. 

Mr. Barnes draws attention to differences which will 


‘occur when using thermophones to calibrate condenser 


microphones. It is to be hoped that the values of these 
differences will be directly measured by comparison, 
using the Rayleigh disc. It should be pointed out 
that if the thermophone is merely considered as pro- 
viding a means of determining the changes occurrmg 
in the E.A. ratios and F.A. characteristics of the con- 
denser microphones, any effects due to the different 
conditions between calibration and use would probably 
be of less importance than would be the case when the 
thermophone is relied on to give a fundamental value 
to the ratios and characteristics. | 

Mr. Campbell has similar points regarding articulation 
cards to those raised by Sir Richard Paget. 1t must 
be pointed out that these cards are used to a very 
considerable extent by' youths who do not possess. a 
high degree of training in phonetics. The spelling was 
as far as possible arranged with this in mind. The 
differences between Irish, Scottish and English dialects 
pointed out by .Mr. Campbell illustrate the difficulties: 
which are likely to occur to a still greater degree in 
obtaining any international articulation and intelligi- 
bility data. Mr. Campbell refers to the lower limit 
for. music transmission. The only really pleasurable 
transmissions of organ music which I have heard have 
been obtained with moving-coil loud-speakers and 
receiving sets capable of operating below 50 cycles. 

Mr. Stevenson’s remarks as an expert on the analysis 
of languages are of considerable value and interest. 
So far as English speech is concerned, I have considered . 
the difference which would arise if an article were , 
split up into monosyllables, firstly by taking the indi- 
vidual words, and secondly, as Mr. Stevenson suggests, 
by. considering the whole article as one word; I find 
that the differences are unimportant. It is agreed, 
however, that in. the .case.of other languages this may 
not be so. The actual analysis referred to in the paper 
was not based entirely. on „newspaper. articles, but 
It must. be pointed out 
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that in important articulation tests a considerable 
number of cards would be employed and that in this way 
considerably more than 25 monosyllabic sounds would 
be used. Experience in articulation testing seems to 
indicate that no very considerable difference occurs 
due to omitting a number of the lesser used sounds. 
The suggestion that intonation plays a very important 
part and should be taken into account in articulation 
tests is worthy of consideration. It is feared, however, 
that there would be many difficulties in regulating the 
intonation in practice. Mr. Stevenson has generously 
offered to put some of his analyses of foreign languages 
at the disposal of the Committee dealing with the 


reference system, and for this I would thank him. I 


shall certainly avail myself of his kind offer. 


The comparison by Dr. Salinger and his colleagues of | 


the figures given by me for the E.A. ratios of receivers with 
those obtained by them using another method, and 
their conversion of the British speech tests into values 
for the frequency range 500-2600 cycles, are very 
interesting. Difficulties, however, have arisen in this 
country in attempting to obtain comparative figures 
by the use of the speech-energy distribution curve of 
Crandall and Mackenzie, and it is not known to what 
extent this curve is modified by dialect. It is assumed 
that Dr. Salinger’s figures are based on the p.d. across 
the actual receiver terminals. It will be noted that the 
E.A. ratio for an average receiver based on the p.d. 
across a C.B. receiving-end termination is 50 microbars 
per volt and for the P.O. standard receiver the value 
became 60 microbars per volt, both of which figures 
are comparable with the Gerinan figure. The impedance 
of the German receivers is also believed to be different 
from that of the British receivers, and to obtain a fair 
comparison the input voltages should be equated to the 
respective receiver impedances. As pointed out by Mr. 
Aldridge, the relation of microbar output to 4/(input 
watts) seems to be the better E.A. ratio for comparative 
purposes, and for the British standard receiver this is 
4770 microbars per y/(watt). The receiver impedance 
for speech current is found to be 235 [40 ohms and the 
input watts have been based upon a terminal impedance 
of 730 [30 ohms. It must be pointed out- that the 
method adopted of integrating Crandall and Mackenzie’s 
curve is likely to be inaccurate owing to the fact that 
the German receivers were tested in the steady-state 
condition at each frequency, whereas the British 
receivers were tested under working’ speech conditions. 
Nevertheless, as ‘the microphone used ‘for the British 
test was substantially distortionless, ‘Dr. Salinger’s 


figure of 96 microbars per volt’ applies, and this value : 


is reasonably close to the figure for German ‘receivers, 


viz. 85 microbars per volt. It is agreed that for com- . 


parisons between ‘various receivers a method of tests 


using a given frequency range is likely to be the best. - 


It is, however, questionable whether a 500 cycles 
is the best all-round range to adopt. 

Mr. Baldwin refers to the effect of the grid in the 
mouthpiece. The size of the mesh is an important 
factor and the standard mesh gives about the best 
all-round results. The indication is that the standard 


grid gives a better average combination of volume and . 


| to expansion and contraction of - : pole-pieces ; 


articulation than if the grid were omitted. The ' 


a eno 


addition of external devices to microphones to increase 
efficiency or to destroy microbes results in loss of volume 
or articulation in 99 per cent of cases and probably in 
the odd case the effect is negligible. With regard to 
the microphone as a power amplifier, the R.M.S. power 
output is certainly drawn from the feeding battery 
and is of the order of 200 times the input acoustic 
power. The 2 T.U. referred to on page 180 indicate 
the minimum volume difference which an expert tester 
can detect without actual balancing. With balancing, 


the expert tester can detect quite a small fraction of a 


decibel. The moving-coil receiver owes its origin to 
Sir Oliver Lodge, who constructed working loud-speakers 
of this type and showed them in operation .before this 
Institution at a meeting in 1897. I have a distinct 
recollection of the surprisingly clear and loud speech 
obtained. A battery of microphones was used for the 
input, and of course at that time no other form of 
amplification was used. The moving-coil receiver used 
in connection .with the high-quality system described 
was designed and constructed by the P.O. Research 
Section. Further details of this instrument and of the 
eddy-current microphones will be found in item No. 24 
of the Bibliography. The individual stages of the 
amplifier used in this system are carefully screened, 


and the electrostatic screening of the eddy-current 


microphone by means of the earthed wire cage is found 
to be necessary as the microphone output is extremely 
minute. The frequency range of 1500 to 4 000 cycles 
for male voices refers to the higher harmonics in the 
consonants, but it is nevertheless confirmed in practice 
that a line transmitting only up to 3000 cycles gives 
very good telephonic intelligibility, as indeed is the case 
with lines having cut-off frequencies considerably lower. 

Mr. Bellwood refers to the desirability of using dis- 
torting lines for testing purposes to simulate the working 
conditions so far as the local line plant is concerned. 
Probably the best arrangement is a combination of 
distorting line and non-reactive line representing a 
practical trunk connection, and such combinations are 
in use for test purposes. While to some extent the C.B. 
solid-back microphone is used for local-battery working 
in this country, large numbers of inset-type microphones 
are also used with local batteries, and although in some 
cases they have given trouble, due generally to manu- 
facturing defects, it must be admitted that on the whole 
their efficiency under local-battery conditions is good. 
Many experiments have been carried out with modifi- 
cations of the ordinary solid-back microphone when 
used both for C.B. and local-battery working, and the 
standard microphone gives the best all-round results 
both as a C.B.-and a local battery instrument. The 
frequency characteristic of the C.B. microphone is 
as good as that of any other commercial type of micro- 
phone investigated. .With regard to the Bell receiver, 
there: is undoubtedly a definite temperature effect due 
it is, 
however, so slight that the effect is lost in the variations 


‘due ‘to voice-ear balancing. The effect, however, is 
rendered evident when using machine testing as a 
‘substitute for the voice and ear (see page 181). 
‘reduction of the acoustic range when transmitting speech 


The 


may affect the pitch and timbre, a combination of which 
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may be referred to as the “naturalness,” without 
necessarily modifying the articulation and the intelli- 
gibility. Telephone-instrument manufacturers in this 
country use working standards calibrated by the Post 
Office. 

With reference to Mr. Davidson’s query as to the 
increase in microphone resistance with volume, it must 


be pointed out that there will be instantaneous increases ' 


and decreases in resistance due to the condensation 


and rarefaction peaks of the sound input, but that the 


integrated résistance-changes due to this cause may be 
negligible. On the other hand the resistance from one 
electrode to the other through the granules in the carbon 
chamber will increase with the volume of sound, due 
to the fact that the granules are set in vibration. I 
carried out some experiments during the war with 
solid-back microphones subjected to the noise ‘of.aero- 
plane engines, and found that with unshielded micro- 
phones the resistance: between the electrodes would 
increase to thousands of ohms, and ultimately there 
would be no circuit between the electrodes. A glass 
model of the’ carbon chamber indicated that when 
subjected to intense sounds the chamber was filled. with 
a cloud of flying granules. The decrease of resistance 
shown in curve A of Fig. 6 is due to heating of the carbon, 
With regard to Mr. Davidson’s remarks about local line 
transmission efficiency, it should be pointed out that, 
given a fixed overall transmission efficiency for long- 
distance connections, the relative efficiency of the local 
and trunk constituents must be determined on an 


Salyer Me 2 tw. ty 
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economic basis, and that, generally speaking, the 
practice of using small-gauge local line conductors is 
justified economically. With regard to mouthpiece 
efficiency, the reply to Mr. Baldwin in this connection 
will probably give Mr. Davidson the information he 
asks for. a 

Mr. Markey refers to the 300-ohm local line; this is 
actually a 300-ohm resistance and is additional to the 
resistance of the instrument and exchange circuits. 
Ageing tests have not been restricted to solid-back 
microphones but have been carried out on other types. 
The pressure-changes in a sealed microphone would 
certainly alter its efficiency but could be obviated by 
the introduction of some compensating device. In 
practice, however, the sealing of a transmitter is very 
difficult and, indeed, almost impracticable. Many cases 
of apparent disconnection in inset transmitters have 
been found to be due to mechanical trouble with the 
contact springs in the housing. 

Mr. Weightman refers to the possibility of the use 
of gramophones as a substitute forthe voice. This has 
been experimented with in the past, and the results have 
not been particularly encouraging. With the advent 
of the improved electrically-produced record, electrical 
pick-ups and high-quality loud-speakers it is probable 
that more encouraging results might be obtained. The 
use of the gramophone for articulation testing is certainly 
possible, given sufficiently perfect and stable repro- 
duction. I have no experience of microphones enclosed 
in vacuo. 
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THE ATTENUATION OF WIRELESS WAVES OVER LAND. 
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(Paper first received 9th July, and in final form 31st August, 1927; read before the WIRELESS SECTION 7th December, 1927.) 


SUMMARY. 


A description is given of a series of experiments to deter- 
mine the attenuation of wireless waves over land. The 
intensity of the signals from the London broadcasting station 
(2LO; A = 364m) was measured along a number of radial 
lines in seven different directions up to a maximum distance 
of 100 miles. From these measurements curves were drawn 
of the overall attenuation, and derived curves showing only 
the surface absorption effect. The experimental results were 
then compared with curves drawn in accordance with 
Sommerfeld’s theory of attenuation. The results show that 
the attenuation is not the same in all directions, the difference 
being quite important, and the comparison with theory 
shows for all directions a considerably greater attenuation 
than would be expected from the previously determined 
value of the earth’s conductivity. It is suggested that both 
these features of the results could be explained as an effect 
due largely to the well-wooded nature of the English country- 
side. To show this, an experimental method was developed 
by which the energy-absorbing property of individual trees 
could be directly measured. The results obtained enabled 
the total energy-absorbing properties of a given tree-covered. 
area to be calculated, thus providing a correction for trees 
which could be introduced into the theoretical formula. 

The conclusion arrived at was that the greater part of 
the discrepancy between Sommerfeld’s theory and experi- 
ment could be ascribed to the effect of trees, and also that 
the same agency offered a satisfactory explanation of the 
difference of attenuation observed in different directions— 
the greatest attenuation corresponding to the most-wooded 
regions, and vice versa. 

The experimental results show no evidence of any screening 
or other effect due to hill systems encountered in the region 
investigated, which included the North and South Downs 
and the Chiltern and Cotswold ranges. 

Finally, check-measurements of attenuation on two other 
wave-lengths gave results satisfactorily confirming the con- 
clusion derived from the main experiments. 


INTRODUCTION. 
In a recent paper * Dr. Smith-Rose and the present 


author discussed the then existing knowledge, both 
theoretical and experimental, on the subject of the 


attenuation of waves due to the earth's surface. It 
was concluded that further experimental work was 
desirable, and accordingly the investigation described 
an the present paper was undertaken. - 

Thé-aim of the experiments has been firstly to ‘obtain 
further practical information on the subject, and 
secondly to compare the experimental data obtained 
with values deduced theoretically. 

- The investigation, has to do only with the so-talled 
ground ray. Waves which travel via the upper atmo- 
sphere will be» affected: by the earth’s: surface in a 


* “The Attenuation of A ‘due tó the Resistance of the Earth,” 
Journal I.E.E., 1926, vol. 64, p. 766 


different way and to a much less extent. Their case is 
excluded from the present discussion. 

The theory of the surface attenuation of wireless 
waves has been most thoroughly dealt with by Sommer- 
feld,* who obtains formulz expressing signal strength in 
terms of the earth’s conductivity and dielectric con- 
stant. He does not, however, take into account the effect 
of the earth’s curvature, and it is therefore necessary 
to apply a correction where the distance from the ' 
transmitter is too great for this effect to be neglected. 

An account of the earlier practical work on the 
subject was given in the I.E.E. paper already referred 
to. Since this was written, however, further work has 
been carried out by Ratcliffe and Barnett + along the 
lines therein suggested. The results of these authors 
are referred to from time to time in the course of the 
present paper. 


NATURE OF EXPERIMENTS. . 
The experimental work was mainly confined to 
making intensity measurements with portable apparatus 
of the normal transmissions from the London broad- 


TABLE 1. 
Appro mate panes of | Town wie end Date 
km 
N. 115 Huntingdon | October 1926 
N.E 140 Norwich September ,, 
E. 110 Deal August T 
S.S.E. 90 Pevensey October ,, 
S.S.W. 90 Chichester September ,, 
W. 160 Bath May ii 
N.W. 160 Birmingham | June i 


casting station (2LO; wave-length 364 m) along a 
number of different directions (seven in all) and at 
distances from the transmitter ranging from 5 to 100 
miles. There is satisfactory evidence to show that 
within these ranges in the daytime there is no appre- 
ciable reflection from the upper atmosphere,‘so that 
the intensity of the ground ray only was obtained. 

A few measurements of a confirmatory nature were 
made on two other wave-lengths (475 and 720 m). 

The radial directions along which the measurements 
were made are shown in the contour map, Fig. 7, and 
are set out in Table 1 with Ene: date and distance of 
each' experimental run. 


* «Uber die: ‘Ausbrditang den Wellen ‘im Drahtlosen Telérope Annalen ' 
der Ph sik, 1909, vol. 28, p. 6 
' ¢ “On the ‘Attenuation of Wireless ‘Signals in Short- „distance ‘Overland 


~ Transmission,” Proceedings of the Cambridge Philosophical Society, 1926, vol:@8, amra eet | 


p. 288, 
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- "covering a large range Of'intensities, 
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CHOICE OF SITES. 


The points at which the measurements were made 
were so selected as to be as far away as possible from 
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objects such as trees and telegraph wires likely to 
produce local variations in field strength. 
The apparatus was usually set up in the middle of a 


Amplifier, etc. 


Calibrated 
oscillators, 


UME 


1. 00.79. 


large field or, when in a town area, on some common 
or other open space. Apart from this precaution, no 
account was taken of the larger topographical features ; 
that is to say, hills and valleys were neither avoided 
nor sought out as sites, but were taken as they came. 


CHECK-MEASUREMENTS AT SLOUGH. 


A fixed intensity-measuring apparatus was installed 
at the Radio Research Station, Slough, for the purpose 
oí taking check or control measurements. Throughout 
the experiments these were made as nearly as possible 
simultaneously with those on the portable set. These 
check-measurements, which are recorded in Fig. 4, 
showed that the radiation from the transmitter remained 


sensibly constant throughout the few days of duration © 


of" each of ‘the individual runs and, further, that the 
variation over the whole period was not great enough 
to necessitate any correction being made for it. 


METHOD OF MEASURING INTENSITY. 


The apparatus”had to be portable afid capable of 
The general plan 


» 


of the apparatus is shown in Figs. 1, 2 and 3. 


A light portable ‘aerial 20°ft.‘high and: 50 ft: long is © 


connected to a counterpoise! through one field coil of a 
radiogoniometer, and remains untuned. The other field 
coil is connected to the output of a screened local 
source of oscillations which can be maintained at a 
constant amplitude by the agency of a variable resist- 
ance in the oscillatory circuit, and a thermo-junction 
and microammeter to indicate the current. A change- 
over switch mounted on the radiogoniometer makes 
and breaks each field-coil circuit alternately. The 
search coil of the goniometer is electrostatically screened 
from the field coils and is connected in a tuned, 
but highly damped, circuit which in turn is coupled 
to a secondary tuned circuit connected to a 7-valve 
amplifier of commercial pattern. Telephone reception 
is employed and a separate heterodyning oscillator is 
provided. 

The apparatus is first tuned to the signals to be 
measured. The switch is then put to the opposite 
position so as to disconnect the aerial and connect up 
the local source which is now tuned to exactly the 
same wave-length as that of the signal, an operation 
which can be done very exactly by continually alternating 
the switch until the heterodyne notes are identical. 

The next operation is to rotate the goniometer search- 
coil, at the same time operating the switch until a 
position is obtained for which signal intensities are 
equal for the two sides of the switch. The tangent of 


the angle made by the search-coil axis with that of one 
of the local-source field coils now gives the ratio of the 


current in the aerial to that in the local-source output 
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Fic. 3.—Screened calibrated oscillator. 


circuit. For all other measurements the current in thé 


focal source is ‘kept constant or varied-in known steps 


so thatthe balarrce position in each case gives a relative’ 


measure of thestgnal intensities at the various- positions, 
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It will be seen that, as in practically all methods of 
measuring radio signals, the principle of the apparatus 
is the comparison of the current produced by a calibrated 
local source with the current due to the signals observed. 
It is considered, however, that the particular method of 
current comparison by means of a goniometer carries 
with it considerable advantages in providing an accurate 
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with the result shown in Fig. 5. The range of intensities 
over which the calibration was made was approximately 
equal to that covered by the experiments. The extent 
to which the graph approximates to a straight line is 
the extent to which the measuring apparatus can be 
relied upon as a measure of relative signal strength. 
It will be seen that the departures are, in nearly all 
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Fic. 4.—Cheok measurements at Slough on 2 LO. 


and easily controlled method of varying the relative 
effects of the two sources until they are equal; while 
the fact that it obeys a tangent law makes it capable 
of embracing a large range of intensities. A further 
advantage of the method is that the use of an untuned 
aerial for picking up the signal makes the apparatus 
not so critically dependent on slight changes in resistance 
or reactance of the circuit as is the case with a tunga 
aerial or loop. 

In spite of the large range of intensities whieh the 
goniometer enables the apparatus to measure, it was 
not found possible, owing to the error near the minimum 
and maximum, with a single given local-output current 
to measure a range of intensities greater than about 
100 to 1, whereas the actual ratio of intensities from 
the value at 10 km to the value at the furthest distance 
away at which signals were measured (160 km) was in 
some cases as great as 300 to 1. It was accordingly 
necessary to.work with decreasing values of local- 
source output as the signals grew weaker. The metho 
adopted was to maintain constant the current generated 
in the local oscillating circuit but to shunt the output 
circuit coupled to it, with one or other of a series of 
resistance shunts. 


i y 
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CALIBRATION OF MEASURING APPARATUS. - 

A small-power transmitter was set up and tuned to 
the required wave-length, and the receiving apparatus 
was erected at a short distance from it. The transmitted 
aerial current. was then varied in a series of steps over 
a certain range while the aerial current at each step 


- was recorded, and at the 'same time a measurement of 


p 


the received signal strength was made on the apparatus 
under calibration. This measured signal strength was 
then plotted against the transmitted aerial current, 


cases, less than 5 per cent and nowhere exceed 10 per 
cent. This degree of accuracy was considered to be 
more than sufficient for the work in hand. 


CONVERSION OF RELATIVE VALUES TO ABSOLUTE 
VALUES. 
The relative values of signal strength as measured 
on the portable apparatus were converted to absolute 


Nu 
a 


Arbitrary scale 


Transmitter aerial current, in milliamperes 


o 


100 125 


50° 75 
Observed intensity 
s IG. 5.-—Attenuation observations. Calibration of apparatus 
on local transmitter (approx. 360 m): 


values in, millivolts per metre by. the podi of 
making a careful measurement of the absolute value 
at one site (Radio Research Station, Slough), a relative 
measurement -on the portable set- being made simul- 
taneously at the same site. i 

The absolute signal strength was measured at Slough 
by inserting the heater of a calibrated thermo-junction 
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in a simple tuned aerial circuit. A flat-topped aerial 
was employed, a correction, experimentally determined, 
being made for the difference between the effective 
height and true height. 

The resistance of the aerial was measured at the 
same time by the method of inserting resistances in the 
aerial circuit. 
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SUMMARY AND DISCUSSION OF RESULTS. 


The curves in Fig. 6 are of interest as recording in a 
compact manner the whole of the data obtained by the 
experiments, and, further, are of practical’ value in 
enabling the contour map of Fig. 7 to be constructed. 
They consist of the absolute Value of the signal strength 
in millivolts per metre, plotted against the distance in 
kilometres for each of thé seven experimental runs. 
In order, however, to get'the information for. which 
` the whole investigation was planned, ’'i.é. tle attenuating 
effect of the earth’s surface, it is necessary to separate 


in Figs. 8- (a), 8 (b) and-8 (c). 


this effect from the normal attenuation due to the 
spreading out of the waves. Since this latter effect 
causes diminution in field intensity according to an 
inverse-distance law, the separation can be easily 
effected by deriving a series of curves in which the 
product of field strength and distance is plotted against 


distance. This is the accepted method of treating the 
30 0 
i 
i 
4 
20 \ E 
\ 
1 
A 


150 km 


Fic. 6.—Summarized results of attenuation investigation. 
Note: The dotted curves duplicate the more distant 
observations with 10 times the vertical scale. 


Transmitter 2 LO (London, A = 364 m). 


Aerial current approx. 16 amps. : 
Aerial effective height approx. 30 m. 


problem as first introduced by Messrs. Duddell and 
Taylor * in experiments of this nature. 

The complete series of these: derived ‘curves is given 
Since it:is the relative 
values from point to point along the respective paths 
which alone are of interest, and since we wish to 
compare these attenuation curves with one another, 
they have all been reduced to a standard scale. The 
ordinates at any djstance represent the ratio of the 
product. of intensity and distance at that point to its 


© u Wireteds Pélegraphy Measureinents,” Journal I:E.E., 1905, vol. 35, p. 331 
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value at 10 km. Thus the curves all start from the | respectively). The directions have been classified as 
same point (1 at 10 km) and show at a glance any | follows in order of increasing attenuation :— 
difference in attenuation in different directions. 


A scrutiny of these curves (Fig. 8) brings to light the (a) Directions from London, N., N.W. and N.E. 
following facts: — (b) Directions from London, E. and W. 
(1) The surface attenuation is distinctly greater in (c) Directions from London, S.S.E. and S.S.W. 


q a Northampton 
"CA 


A Woudester 
aS 


DE 
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Fic. 7.—Radio contour’ map of 2LO (A = 364m; aerial current approx. 16.amps. ; aerial effective height approx..30 m). - 
Survey made May-October, 1926, in radial.directions indicated. Intensities in millivolts per metre. Scale 1/2 240 000. 


some directions than others; thus, at a distance of (2) Curves in the same group agree very well; in par 
„~. 90 km from London in the S.S.W. direction the amount | ticular the N.W. fits with the N.E. [Fig. 8 (a)] and the 
. of abgorption due to the ground, is; nearly five times as | S.S.E. with the S.S.,W. (Fig. 8 (c)]. a 
.. great as in the N.W. direction (the ordinates, pf the (3) The N. curve has an unexpected shape. : l 
. .. fwo curves at. this distance being 0:05 and .0-23 (4) No trace of any effect due tp hills can bẹ seen in © 
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the curves, though many of the directions passed over 


ranges of low hills, e.g. South Downs, Chilterns and 


. Cotswolds. 
COMPARISON WITH THEORY. 


Before further. discussing these results it is desirable 
to compare them with Sommerfeld’s theory of wave 

propagation. 
- 1f Hy is the field strength of the wave at a distance 2 
' from the source in the real case of propagation over a 
perfectly conducting surface, and if E is the field 
strength in the ideal case of an imperfectly conducting 
surface, Sommerfeld’s law is expressible in the form 


E=E,.F(ax) . 


(1) 


1-0 


05 


0 


-50 


100 


The quantity (ax) is called by Sommerfeld the “ numeri- 
cal distance,’’ where 


a= emi x: 1/4 approximately, 
o@ = conductivity of surface, in electrostatic units 
(E.S.U.), 


J = frequency of wave, in cycles per sec., and 
A = wave-length in the same units as 2. 


The expression (az) is obtained from the combination 
of various mathematical series which are quoted in the 
I.E.E. paper referred to early in the present paper. : 


209 


To proceed further, a value of o is required. This 
quantity was measured by Dr. Smith-Rose and the 
present author * some years ago in 10 different places 
in Southern England and found to lie within the limits 
o = 0-6 x 108 and o = 4-2 x 10% E.S.U. These values 
are, as far as can be ascertained, in agreement with the 
determinations of o by other workers using other 
methods. They were deduced from measurements 
made of the forward “tilt ” of the wireless wave-front. 
This method is highly suitable for obtaining the value 
of the earth's conductivity for use in Sommerfeld’s 
formula, since the measurement was made by means 
of actual wireless waves at the frequency employed in 
the present experiments. This practically removes any 


1-0 
(c) 
0-5 
SSE 
SSW 
l Xx 
I50km 0 50 100 km 


Fic.’ 8.—Land attenuation. (Intensity X distance) 
curves relative to value at 10 km (derived 
from Fig. 6). Transmitter, 2LO (London, 
A = 364 m). 


50km 


concern about the definition of the term ‘‘ conduc- 
tivity.” The mean value o = 2:5 x 10% E.S.U.} will 
accordingly be employed in the theoretical work. 
Utilizing this value for o, E is obtained from 
equation (1) in terms of Ep, and in Fig. 9 (top curve) 
the quantity E, is plotted against 2, such arbitrary 
units being chosen that this curve is the theoretical 
equivalent of the experimental curves in Fig. 8. A 
- ** " On the Determination of the Directions of the Forces in Wireless Waves 
at the Earth's Surface,” Proceedings of the Royal Society, A, 1925, vol. 107, 
si + ‘For example, see T., L. EckErsLEY: “An Tave Fanon of Transmitting 


Aerin] Resistances,” Journal I.E.E., 1922, vol. 60, p. 58 
1 The corresponding resistivity is 3-6 X 103 ohms per cm cube. 
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comparison of Figs. 8 and 9 shows that all the experi- ' 


mental curves fall considerably below this theoretical 
curve (for gy = 2-5). The other curves in Fig. 9 are 
drawn for a series of smaller values of ø, and by com- 


1-0 


0-5 


0 50 100 150 km 
Fic. 9.—(Intensity X distance) curves, on Sommerfeld’s 
theory, relative to value at 10 km. A = 364m. 


paring these with Fig. 8 a value for the “ apparent 
conductivity ” for each experimental curve can be 
obtained. These are shown in Table 2. In Fig. 10, 


1-0 


Direction N 
(a) 


0 50 


Fic. 10.—Examples of comparison of theory with experiment. 


10 km. 


experimental and theoretical curves are shown super- 
imposed. The two cases were selected as being the best 
and worst “ fit ” respectively. 


TABLE 2. 


Apparent conductivity of surface obtained by 


Direction comparison of results with theory 

N.* 1:0 to 0°75 x 108 E.S.U 
N.E. 0-75 to 0:58 x 10% E.S.U. 
E. 0-5 to 0-3 x 108 E.S.U, 
S.S.E. 0-5 to0:3 x 108 E.S.U 
S.S.W. 0:5 to0:2 x 10% E.S.U 
W. 0-5 to 0:3 x 108 E.S.U 
N.W. 0-75 to 0-5 x 108 E.S.U 


On the whole, the skapes of the experimental curves 
agree well with those of the theoretical curves and, to 


tcliffe and Barnett in the experiments already referred to found the 
value o=1°5 x 108 in measurements made on the same wave-length in 
the northerly direction. The agreements is quite satisfactory, considering the 
wide limits to conductivity values which have hitherto been assigned to any 
given surface. The discrepancy is possibly due to the fact that their measure- 
ments were made only over the more distant part of this region. 


100 km 


‘this extent, provide confirmation of the theory. There 
Yemain, however, two facts to be reconciled with it :— 
(1) The variation of attenuation with direction. 


(2) The fact that in all directions’ attenuation is 
greater than theory predicts. 


When it is remembered that the value taken for the 
earth’s conductivity (o = 2-5) is only a rough mean 
between widely different values found experimentally, 
it might at first be thougbt that the discrepancy can be 
explained away as due partly to an inaccurate knowledge 
of this constant and partly to its variation from place 
to place. This explanation, however, is unlikely to be 
correct, firstly, because the evidence of the experiments 
by which o was originally obtained is against any 
regional difference in a such as would explain the 
variation of attenuation with direction, and, secondly, 
because all the apparent conductivities as shown in 
Table 2 lie well below the mean theoretical value, 
whereas one would expect some to'be greater and some 
less if this explanation were correct. 

An alternative explanation which is found to be 


Theory (Sommerfeld) 
~--- Experiment 


Direction E 


100 km 


0 50 


(Intensity X distance) curves relative to value at 


A = 364 m. 


much more satisfactory is that the theory does not fit 
the facts because it assumes a flat surface and does 
not take account of objects such as trees, houses and 
other erections which occur in practice. Messrs. Round, 
Eckersley, Tremellen and Lunnon* have, in fact, con- 
cluded that this was the sole cause of the land attenuation 
which they observed on longer waves (10-25 km), since 
with such waves the attenuation due to a bare surface 
of earth alone is entirely negligible. 

With a few obvious exceptions almost all parts of 
the English countryside can, from any point com- 
manding a good view, be seen to be thickly wooded. 
With such a view before one it seems hardly possible 
to doubt that the trees must contribute an appreciable 
amount to the surface absorption, and in fact it will 
now be shown that this factor alone provides a sufficient 
explanation of the experimental facts. 


INVESTIGATION OF ABSORPTION PRODUCED BY TREES. 


The amount of energy absorbed from a wave by a 
given tree can be obtained in a satisfactory way by 
means of a portable coil direction-finder. 


* “ Report on Measurements made on Signal Strength at Great Distances 
etc.,” Journal T.E.B., 1925, vol. 68, p. 933, : 


The presence of an obstacle such as a tree in the 
path of a wave causes a local distortion of the electro- 
magnetic field in its neighbourhood. That is, the 
induction field of the tree is superimposed on the normal 
field of the wave. 

Considering only the magnetic field, the state of 
affairs near a tree at ground-level is shown in Fig. 11. 
The wave is travelling from left to right. In (a) the 
magnetic field of the wave is shown by the parallel 
straight lines H,, and the secondary field due to the 
tree by the concentric circles H}. If the two fields are 
in phase the resultant field will be as in (b), the field 
distortion resembling closely that which occurs in the 
neighbourhood of a wire carrying a current in a uniform 
magnetic field. 
` If measurements of the resultant field direction be 
now made at various points round the tree by means 


Direction 
of wave 


yA 
: (b) a 


(a) 
Fic. 11.—Distortion of magnetic field in neighbourhood 
Me oe of a tree. 


H, = field of wave. 
H, = field due to tree. 
H = resultant field. . 


of a portable direction-finder, this resultant field can 
be mapped out and the amount of field distortion 
produced by the tree thus definitely measured. From 
this, as will be shown. later, it is possible to calculate 
the amount of energy which the tree is absorbing, but 
first of all it is desirable to give an account of the actual 
-experiments. 


DETERMINATION OF FIELD DISTORTION ROUND A TREE 
BY EXPERIMENT. 


In these experiments a- portable single rotating-coil 
direction-finder was employed. With this apparatus 
the apparent direction of the transmitting station (2 LO) 
was observed at various points in the neighbourhood 
of the tree. Thus bearings were taken in a number 


of positions on a circle round the tree of approximately | 


10 ft. radius, and a curve was drawn to show the 
relation between the angular departure from the true 
bearing and the direction of the line joining the set 
and tree with respect to the transmitter direction 
(see Fig. 12). From these curves the maximum error a 
produced by the tree was obtained. In some cases 
the process was curtailed by taking only two observa- 
tions per tree in the two positions of maximum error. 
A typical error curve obtained for the large oak in 
Table 3 is shown in Fig. 13. 

About six trees of different sizes and kinds were 
examined in this way and Table 3 summarizes the 
results. | ed 
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. TABLE 3. . 
- |. Field 
ol Height oa distortion, Remarks 
ft ft. 

Beech 100 10 8°’ Very large tree 
Beech ' 75 5 5° Thin tree 
Oak 85 10 10° Very large tree 
Oak 75 5 5° — 
Oak 75 10 8-5 | Large tree 
Oak 75 5 5° Small tree 


The experiments were, however, carried out in the 
middle of the winter. In the summer repeat experi- 
ments on two of the trees showed an increase in a of 
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or wave 
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Fic. 12.—Distortion of magnetic field in neighbourhood 
of a tree. 


E, Hı = field of wave. 
H, = field due to tree, 
H = resultant field. 


about 30 per cent. This is probably the effect of the 
leaves, though a change in the amount of sap may have 
something to do with it. 


27 360° 
Direction from\tree 


Field distortion 
ES 


-10 


Fic. 13.—Distortion of magnetic field round large oak tree 
rene of 10ft. Height of tree 85 ft., diam. at base 
3 ft. 


Returning now to a theoretical consideration of the 
distortion round the tree, the angular distortion a 
obtained by the experiment described is very closely 
given by 
_ H, cos ¢ 

H, . 
(if a and H, are small) 


tan a cl (2) 


where cos ¢ is the power factor of the tree. 
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Let h be the effective height of the tree, then, if 
d is small compared with h and the diameter of the 
tree small compared with d, we may write as a fair 
approximation 


Ha = = 


where d is the distance from the tree of the point 
examined and ¢ = 3 x 101% cm per sec., since the current 


I flowing in the tree is expressed in electrostatic units ` 


for convenience at a later stage. 
Now the power P absorbed by the tree is given by 


P = E,hI cos ġ 
= }2,hdcH, cos $ 
= jnihde tan a [from (2), since E, = H;] 
= jBichda, . . . . . E. . (3) 


if a is small. 

We are thus able to obtain the power absorbed by a 
tree by measuring the error produced on a direction- 
finder at a given distance d from the base of the tree, 
in terms of the height of the tree, the distance d and 
the error in field distortion produced. The only quantity 
which cannot be measured exactly is the effective 
height of the tree, but this can be estimated with 
sufficient accuracy for the purpose under consideration. 


ENERGY ABSORBED BY THE EARTH. 


It has been shown by Sommerfeld,* Bouthillon ¢ and 
others that a wave radiating out over the ground must 
not be regarded as travelling parallel to the surface 
but rather as a wave incident to the surface at the 
critical angle of incidence for which, according to 


GAA A AAAA AU dd f Utils iver 
Fre. 14. Diesen showing nature of surface wave. 


elementary optical laws, the reflected wave vanishes. 
The state of affairs is illustrated in Fig. 14. This 
critical angle, which in optics is known as Brewster’s 
angle, is determined by the frequency of the waves 
and the electrical constants of the earth. Thus it has 
been shown f that for the particular experimental 
conditions here dealt with, the angle is given by 


tan @ = (7). soe ee (4) 


where g is the conductivity of the earth in electrostatic 
ma de is the frequency of the waves, and j = 4/(— 1). 


t Londo Ele e, 1928 ig 2, 2° pP. 275 and 845, 

R. L. Surrn-Rosz an ARFIELD : ** An Investigation of Wireless 
Waves arriving from the Uprer pee Proceedings ofi the Royal Society, 
A, 1926, vol, 10, p. 580. 


Since there is no reflected wave, it is clear that we 
must regard the incident wave as passing completely 
into the earth- at this critical angle 0. This being so, 
it becomes possible to state the rate at which the 
earth is absorbing energy from the wave. It is simply 
the amount of energy carried by a wave through a sur- 
face inclined at an angle (90° — 0) to the direction of pro- 


pagation. This is given by e | cos 0 | C.G.S. units per 
cm? of surface, or 

E? x 

P= — 


= | cos 6 | x 10, . . (5) 


where P, = power absorbed by earth per km?, 
E = field strength of waves, and 
c = 3 x 1010 cm per sec. 


NUMBER OF TREES REQUIRED TO EQUAL ABSORBING 
EFFECT OF EARTH. 

We can now obtain the number of trees per unit area 
required to absorb an amount of power equal to that 
absorbed by the earth. If we call this number N, the 
required condition is :— 


NP=Po - . . . . (8) 


or substituting for P and P, the expressions obtained 
in (3) and (5) we get 


0 
$H?N,chda. ee cos 6 | 
dr 
whence N = hg 10050 | E 49) 


From a consideration of Table 3 we are justified in 
assuming that, at a distance of 10 ft. (say, d = 3 metres) 
from a medium-sized tree, the value of a will be 4° in 
the winter and, say, 5° in the summer. Since the 
attenuation curves were based on results obtained in 
the summer, the higher value of a will be employed in 
the calculations. 

We can obtain | cos 9 | from (4), taking ø = 2+5 x 108, 
as before, and f = 830 kilocycles. This gives | cos 0 | 
= 0-041. 

For the effective height of the tree we can take 
h = 15 m as a fair average. 

Putting all these values in (7) we obtain 


No = 1660 


That is, about 1700 trees per km? will have an 
attenuating effect equal to that of the earth for the 
particular experimental conditions given. 


THE CONDUCTIVITY OF THE EQUIVALENT BARE 
SURFACE. 


The equivalent bare surface is that surface devoid of 
trees, etc., which would absorb the same amount of 
energy as the surface under consideration, or ‘sym- 
bolically 

P, =NP + Py 


where P, is the power absorbed by the equivalent 
surface, and N the number of trees per km? on the 
actual surface. 
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But NP = Po by definition parts of the region surveyed. In the first place, casual 

' observations on' the experimental journeys themselves 

hence P. =P (N + No) . . . . (8) | had been enough to show convincingly that in the 
a o. No northerly part there were far fewer trees than in the 


To determine the conductivity of the equivalent 
surface, which will be denoted by o,, we use the rela- 
tionship obtained from (4), when 0 is large 

cos 8 = y/[/1(20)] approx. 


We then have, from (5), 


PJP, = y (7) O) 
so that from (8) and (9) we finally get 
_(_No Y 
r= CEEP, CO. . . . (10) 


In Table 4 the values of g, from various values of N 
are given as obtained from this relationship, and the 
table thus shows at a glance the effect of trees on the 


0:5 


0 50 


100 km 


_ the surrounding district as possible. 


southerly part. 

Actual counts in various districts have, however, 
been made and these have shown that the number 
varies from orders of 500 per km? in the least-wooded 
districts (region north of London) to 4 000 per km? in 
the most densely wooded parts (region south of London). 
In making such estimates it was, of course, of considerable 
importance to choose the specimen area in which the 
count was made to be as typically representative of 
As already stated, 
the least-wooded districts were found in the north and 
the most densely wooded districts in the south of the 
region surveyed. 

If we compare Table 4 with Table 2, it will be clear 
that the effect of the trees may go a long way towards 
explaining the different apparent conductivities observed 
in the different directions, and also in causing all the 


—— Theory (Sommerfeld) 
o--—o Experiment 


0 50 km 100 


Fic. 15.—Comparison of theory and experiments on other wave-lengths. (Intensity X distance) curves relative 
to value at 20 km. 


Left-hand figure.—Birmingham—Hemel Hempstead (A = 475 m), 14-17 June, 1926, 
Right-hand figure.—Teddington—Selsey (A = 720 m), 30 Aug.-2 ept., 1928, 


apparent conductivity of the surface from the wave- 
length under consideration as obtained from theoretical 
consideration. 

TABLE 4. 


Effect of Trees on Apparent Surface Conductivity. 


ot trees oy, in E.S.U. (approximate) 
0 2-5 x 108* 
200 2-0 x 108 
500 1-5 x 108 
1 000 1-0 x 108 
2 000 0-5 x 108 
4 000 0-2 x 108 
6 000 0-1 x 108 


ACTUAL NUMBER OF TREES IN REGION OF SURVEY. 


Since the above hypothesis was put forward, estimates 
have been made of the density of trees in the various 


* Normal value of bare surface. 
Vou. 66. 


values to be considerably below that of the conduc- 
tivity as found by other methods. 

Thus in the northern section where the number of 
trees probably lies between 500 and 1000 per km? on 
the average, we should expect to find a conductivity 
between 1-0 and 1:5, whereas the experimental value 
lies between 1-0 and 0-75. In the southerly and most- 
wooded districts, where the density of trees lies between, 
say, 2 000 and 4 000 per km?, the theoretically predicted 
value of a, is between 0-5 and 0-2, and these are 
actually the limiting values found experimentally. 
This confirmation is good, perhaps rather better than 
would be expected, considering the roughness of some of 
the estimates made in the calculations. No doubt hedges, 
other vegetation, houses and other erections contribute 
to the absorption produced, but from the above analysis 
it seems probable that trees alone caused the greatly 
preponderating effect in these particular experiments, 


- CONFIRMATORY CHECKS ON OTHER WAVE-LENGTHS. 


Although the experiments concentrated on a single 
wave-length, the opportunity was taken when it pre- 
sented itself of making measurements on other wave- 
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lengths. Thus on the tour to Birmingham (N.W. 
direction) observations were taken on the Birmingham 
B.B.C. transmitter (A = 475 m) at a few positions, and 
on the tour to Chichester (S.W. direction) observations 
were made on transmissions from the transmitter at 
the National Physical Laboratory, Teddington, on a 
wave-length of 720 m. The results obtained confirm 
those of the main experiments. Utilizing the mean 
value of o obtained experimentally (Table 2) for the 
two directions N.W. and S.W. (viz. 1-3 x 108 and 
0-3 x 108 respectively), theoretical (intensity x dis- 
tance) curves are drawn from Sommerfeld’s theory in 
Fig. 15, together with the experimental points. 


It will be seen from the figure that the agreement 
between theory and experiment is quite satisfactory. 
This result serves to give confidence in the experimental 
results as set out in Figs. 6, 7 and 8, and is also a 
valuable confirmation of the general validity of Sommer- 
feld’s theory. 

This work was carried out for the Radio Research 
Board under the Department of Scientific and Industrial 
Research, and the author is indebted to the Committee 
on the Propagation of Waves for their criticism and 
advice. He also wishes to take this opportunity of 


thanking Dr. Smith-Rose for his support and many 


valuable suggestions throughout the work. 


DISCUSSION BEFORE THE WIRELESS SECTION, 7TH DECEMBER, 1927. 


Dr. R. L. Smith-Rose : The paper represents a very 
progressive step in our knowledge of this subject, 
which has been rather neglected during the last 20 years. 
In the early days of wireless telegraphy, Messrs. Duddell 
and Taylor carried out a number of experiments on 
the attenuation of signal strength both over sea and 
over land, and those experiments in themselves were 
quite useful at that time. I suppose that the neglect of 
the continuation of that study is due to the fact that 
transmission for communication purposes became very 
easy over comparatively large distances, and that with 
the increased power of transmitters and the increased 
sensitivity of receivers available, attention was diverted 
rather away from the problem of the absorption of 
energy by the land itself to the problem of communi- 
cating over very large distances, using the waves which, 
we now know, travel in the upper atmosphere and 
not along the earth’s surface itself. Attention was 
re-directed to the matter after the advent of broad- 
casting, and in 1924 was published the first of the 
results of modern experiments on the attenuation of 
wireless waves over land, by Messrs. Bown and Gillette. 
Their paper gave the results of signal strength measure- 
ments carried out on broadcasting stations in the 
neighbourhood of New York. The problem is, of course, 
very relevant to broadcasting, since for what is con- 
sidered to be a reliable service one must rely on the 
waves which are sent along the earth’s surface, and not 
on the waves which travel in the upper atmosphere 
and which may give a certain element of unreliability. 
The present paper, together with the previous paper 
containing measurements made by Messrs. Barnett 
and Ratcliffe, confirms the theory of the absorption of 
wireless waves over land which was given by Sommer- 
feld 18 years ago. Sommerfeld’s theory only applies to 
the transmission of waves over a perfectly uniform 
conducting surface, whereas the experiments were 
carried out in this country with various obstacles, such 
as trees, buildings, towns, railways, etc., in the way. 
When one considers the discrepancy of conditions in 
the two cases, the theory, as corrected in the ingeni- 
ous way which the author has devised, does agree 
remarkably well with the experimental results. It is 
necessary to point out, of course, that the correction 
which the author has applied really assumes a uniform 
distribution of trees in any one direction, whereas, of 


course, in practice they are not uniformly distributed. 
So one would expect that the results taken at various 
places would not lie very well on a smooth curve, and 
there is thus some justification for smoothing out the 
curve to quite a considerable extent through the 
observed results. It has occurred to me that one 
might use similar experiments to those described in the 
paper to obtain further information upon the conduc- 
tivity of the earth. Colonel Lee stated in his Chairman’s 
Address to this Section * that in Scotland wireless 
waves travelling over the surface are apparently tilted 
forward to a much larger angle than they are in the 
south of England. I believe he quoted a case where 
the tilt, as determined by signal intensity measure- 
ments on a Beverage antenna in the West of England, 
with a wave-length of. 5000 metres, is something of 
the order of 0-1°, which corresponds to what the author 
and I found some years ago by an independent method ; 
whereas in Scotland the tilt is somewhere about 1° for 
the same wave-length. That would indicate that the 
ground in Scotland is of a much lower conductivity 
than the ground in the South of England, and it would 
be interesting to obtain verification of this by making 
attenuation measurements round some of the Scottish 
broadcasting stations. If any information is available 
from the British Broadcasting Corporation as to similar 
contour maps around stations other than London, it 
would be very interesting. These contour maps supply 
a very useful kind of practical information directly 
from the experiments, and the maps exhibited by the 
author may be compared with those which accompanied 
Bown and Gillette’s paper mentioned above. These 
maps illustrated the distribution of field strength round 
one of the New York broadcastmg stations. The 
manner in which the lines depart from their true 
circular form, which they would possess over a uniform 
plane, is very striking. They are distorted in the 
first place by the buildings in New York itself, and 
secondly by the transmission over successive portions of 
water and land. At one place in the city the field 
strength disappears very quickly, from 30 or 40 milli- 
volts per metre down to 1. That is attributed to local 
absorption due to the large mass of steel-frame buildings 
in that particular area, and the field strength at 2 or 
3 miles from the transmitting station is found to be of 
* Journal I.E.E., 1928, vol. 66, p. 12. 
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the same order as that 30 miles out in the open country. 
Another contour map has been recently published by a 
Mr. Cherry, of the University of Melbourne. This 
gives the distribution of field strength around the 
transmitting station 3LO situated just outside Mel- 
bourne. The conditions there appear to be much more 
nearly ideal than in either London or New York, but 
still the contours are not pure circles; they are drawn 
out in the North and South directions, possibly due to 
the construction of the transmitting aerial: 

Professor E. V. Appleton: If trees are absorbent, 
their resistance will vary with the seasons, and it will 
be interesting to see whether the attenuation factor 
does vary with the amount of rain. It is possible that 
some of the alterations from May to October were 
due to the varying amount of sap in the trees. 

Mr. R. M. Wilmotte : It is interesting to note 
from Fig. 7 that the curves are closer together in front 
of St. Leonard's and Ashdown Forests and farther 
apart behind. That might be explained by some 
reflection effect at the forest, because it appears that 
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the attenuation is rather greater in front of the forest 
than at the forest itself. Possibly, also, there might be 
reflection at the sea-coast. For instance, in the direction 
of Birmingham, where there is a great deal of land, 
the reflection effect is not likely to be so noticeable and 
the curves are spaced out. They approach each other 
again by the Wash and near the Bristol Channel. The 


indication is very vague, of course, but perhaps the. 


author will say whether there is any possibility of such 
an effect. Has he measured the attenuation through 
towns ? Such a measurement would, I think, be 
particularly interesting in towns which are not likely to 
have many aerials tuned to 2LO. In equation (2) for 
calculating the power absorbed by the tree, the author 
makes the approximation that a is small. Asa matter 
of fact, the full equation is 
_ 2H,H,cos $ 
tan 2a = E = H 
so that the further approximation that H, is small 
compared with H, must be made.* This, however, is a 
small point which does not in any way affect the results 
* This has now been done for the Journal. 


of the paper. In calibrating the apparatus for absolute 
measure of field strength, the author in conjunction 
with Mr. Munro used an ingenious method which is 
not described in detail in the paper. A T antenna was 
used. The product of the received current and the 
effective resistance of the antenna being equal to the 
product of the field strength and the effective height, 
the field strength can be calculated if the effective 
height is known. The effective height was varied by 
increasing the length of the horizontal portion. In 
Fig. A the points obtained by the author and Mr. 
Munro are shown by crosses. The effective height was 
taken to be equal to the actual height when the curve 
becomes nearly horizontal. The values obtained from 
theoretical considerations are shown by the curve. 
The author and Mr. Munro are to be congratulated on 
the accuracy of their results. I have calculated the 
curve beyond the author’s results in order to show how 
the value of the effective height increases beyond a 
certain length of horizontal part. Actually it never 
becomes horizontal. If the resistance of the antenna 
were zero, the effective height would become infinite at 
a certain point. This curve shows the fallacy of the 
very common impression that an antenna of large 
effective resistance is efficient because this implies a 
large radiation resistance. This resistance is large only 
because the current at the base of the antenna is small, 
and it will be found that the effective ohmic resistance 
has increased as well as the resistance, without neces- 
sarily giving a much higher efficiency. 

Mr. A. G. Warren: On page 207 the author has 
defined his use of the word “‘ attenuation’ when he 
tells us that he has eliminated from that term the 
spreading out of the waves. The word is now very 
commonly employed, and I think that it should have a 
precise technical definition. At present it may include 
any one, two, or all three of the following factors— 
spreading out, diversion or refraction, and degradation 
or absorption of energy. The author has interpreted it 
as meaning simply degradation or absorption of energy. 
His results may be influenced by refraction to a certain 
indeterminate extent. He has attempted to find the 
value of y which will fit Sommerfeld's theoretical work. 
Sommerfeld assumed an isotropic earth having a 
definite conductivity and a definite dielectric constant. 
On that assumption, any source of absorption which is 
proportional to the square of the intensity can be inter- 
preted as a change in that conductivity. There may, 
however, be other causes of absorption which do not 
follow that simple law, and if there are such causes of 
absorption, then one would not expect to find a value 
of o fitting the curves; one would expect to find the 
practical curve drifting from one ideal to another. 
There are other factors also which may influence the 
actual shape of the experimental curve. I should 
imagine, for instance, that the conductivity at the 
surface of the earth was not the same as that at a short 
distance down. If such a variation occurs, then, corre- 
sponding to any particular effect which one is attempt- 
ing to measure, there will be a proper mean value of 
o which will depend upon the particular effect. To take 
a simple parallel illustration, the proper mean value 
for a current, when one is determining its heating 
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effect, is the R.M.S. value, while the proper mean value 
for the magnetic effect is the arithmetic mean. Again, 
if, as is probable, the surface consists of patches of 
different conductivities, then I should have expected 
that the energy absorption would be in excess of that 
determined by a value of the conductivity deduced 
from wave tilt. Further, the practical curves would 
drift from one ideal curve to others corresponding to 
lower conductivity. Again, if the earth had the 
resistance stated in the footnote (I believe there is a 
bad misprint there) of 3-6 x 101% ohms per cm cube,* 
and if it increased as one went downwards, then one 
would get penetration of the earth comparable with the 
distances of transmission. In such circumstances one 
would get a proper mean value of ø increasing with 
the distance, and the practical curve would fall down 
from one ideal curve to another, much as in Fig. 10(a), 
where it falls from g = 1 to o = 0-5, and so on. In 
Fig. 9, as the conductivity decreases, the curves fall. 
Clearly, of course, if o were infinity, the curve would 
be horizontal, and it would again be horizontal if ø 
were 0. Can the author say what value of y gives the 
greatest absorption ? He gives all his observations in 
terms of the intensity at 10 km. I should like to know 
whether he found very great differences at 10 km, 
because there are reasons for not reducing them in 
that way. It would be possible to imagine a case in 
which the absorption would, with such reduction, 
appear to be greatest in the direction in which it was 
actually least. For instance, suppose that immediately 
East of 2LO, say from 2 km to 8 km, there were a big 
forest, and no trees elsewhere, then if readings were 
taken at 10 km East and 10 km West, a much weaker 
received signal would be found at 10 km East. But at 
100 km there will be equalization of energy to a great 
extent over the wave-front, and comparing the readings 
at 100 km with those at 10 km one would infer that 
absorption was greatest in the westerly direction, 
whereas it is actually greatest in the easterly direction. 
Mr. J. E. Taylor: On page 204 the author points 
out that it is necessary to make a correction for earth 
curvature at considerable distances, which is not 
allowed for in Sommerfeld’s theory. What is the 
nature of the correction which the author considers 
should be applied, and in the tests taken is it considered 
that the ranges were clear of the necessity for cor- 
recting for earth curvature? The next point is the 
effects of trees as compared with the effects of hills. 
Of course, both are excrescences, and, although the 
author says that the hills make no effect whatever, yet 
there is a considerable effect from trees. Presumably 
that is only a matter of degree. If not, I should like 
to know whether the author can throw any further 
light on the fact that one kind of excrescence produces 
no effect, and why another kind should produce a con- 
siderable effect. This question of land absorption 
seems to be deduced on a somewhat debatable basis. 
The land absorption is taken as a small difference 
between two large quantities, the total calculated 
attenuation due to the spread of waves, and the total 
attenuation as measured. Both of those quantities 
are large, and I think it is debatable whether both of 


* Since corrected for the Journal. 


them are not subject to considerable corrections them- 
selves. Evidently the measurements made are subject 
to correction, because the author admits that there 
may be an error of 5 per cent, and I think, in one case, 
10 per cent, as shown by the check measurements at 
Slough. If we have a 10 per cent error in one of those 
large measurements, the small difference between the 
observed and calculated results is liable to be thrown 
out. In regard to the application of Brewster’s angle, 
I understand that the author thinks that the waves 
travelling over the surface of the earth are to be con- 
sidered as travelling at this critical angle at which there 
is no reflected wave. From that he assumes that the 
energy is absorbed by the ground to the extent of the 
missing reflection. Now in my view a little question 
arises there. Presumably the absorption in the ground 
is of the nature of I?R dissipation losses. That is, the 
wave field passing over the ground would produce in 
the conducting ground an electric current. If so, of 
course, there will be a difference of potential in the 
ground in the direction of the wave traverse. If such 
a difference of potential exists it must produce a hori- 
zontal electric field in the atmosphere, which means in 
effect that it must give rise to a wave which is sensibly 
normal to the surface of the ground, so that the energy 
would not, on that view, be totally absorbed in the 
ground; a portion of it would be re-emitted into the 
atmosphere. The author is no doubt fully aware that 
there is sometimes some danger in applying purely 
optical laws to wireless waves of the wave-length dealt 
with in the paper. In the early days of wireless broad- 
casting there was a good deal of talk about “ dead 
points ” where nobody could pick up signals from a 
broadcasting station, but I assume from Fig. 7 that that 
has not been verified and that there are no actual 
“ dead points.” 

Captain P. P. Eckersley : This paper is particularly 
interesting to broadcasting engineers because it touches 
for them a vital question, i.e. how to predict service 
area. I am in entire agreement with the author’s 
theory. If he requires testimony as to the effect of 
forests on transmission, he can find it in a contour 
map prepared by Mr. Lemoine of Sweden. This map 
provides one of the most beautiful illustrations of 
absorption by forests that I have ever seen, and it 
entirely fits in with the author’s theory. We have 
lately taken radio contour maps round 5GB at Daventry. 
These fit in well with the author’s observations around 
London. Up to a radius of 50 or 60 miles around 
Daventry the number of the trees per unit area appears 
more constant than around London and, in spite of an 
asymmetrical polar diagram, attenuation in all direc- 
tions around 5GB appears more constant than around 
London. There exists a theory that the use of a half- 
wavelength aerial reduces the attenuation. Has the 
author ever heard of this theory? Undoubtedly the 
half-wavelength aerial is more efficient as a pure 
radiator, but that the design of aerial should affect 
attenuation is a startling theory, important, however, 
if true. The author states that he cannot observe any 
shielding effects from hills. I believe, however, that 
mountains give shielding effects. The extent of this is 
not known and experimental measurement alone will 
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determine the validity of what is now a purely quali- 
tative theory. It has been stated for a long while that 
the Cardiff station gives a poor service to the Rhondda 
Valley and other valleys round the Cardiff station. At 
Carnarvon, 5GB gives serious fading; at an equal 
distance from the station, in an easterly direction, there 
is no fading. This might be explained in terms of 
shielding of the direct ray by the mountains above 
Carnarvon. The asymmetry of field contour maps is 
not wholly due to different attenuations in different 
directions, but can also be traced to the effects of masts 
which support the antenne. ; 

Lieut.-Col. H. P. T. Lefroy: This paper confirms 
the practical experience which we gained in Army 
wireless before and during the war. We were equipped, 
like the author, with portable stations, and the results 
obtained in moving from point to point several times a 
day, for instance during manœuvres, soon led us to 
discover that there were appreciable differences of distri- 
bution of signal strength around a given radiating 
station ; also, when we endeavoured to take cover in 
woods, which was often necessary owing to the visibility 
of wireless stations, and therefore to their liability to 
capture or destruction, it was found that this method 
of screening ourselves from the enemy frequently 
screened us from the signals we desired to receive, and 
therefore it could not always be adopted. We made no 
exact measurements such as those made by the author, 
but his work quite bears out what we discovered in 
those days. I think that Fig. 7 would have been 
improved if dotted circles, giving distances from 2 LO, 
had been added. Similarly, Figs. 8, 9, 10 and 15 would 
have been easier to read if the abscisse and ordinates 
had been continued right across the figures, to give a 
background. As the gradient of signal attenuation is 
said to be chiefly increased by the trees that are present 
in any given area, one would expect the lines repre- 
senting equal signal strength to be closer together in 
passing over great forests, such as St. Leonard’s Forest 
and Ashdown Forest to the $.S.E. of London; but the 
lines representing signal strength 2 and signal strength 1, 
when compared with their distance apart over those 
forests, are a good deal closer together just below 
Reading, and are closer together near Tunbridge Wells 
also, but in neither of those areas are there any forests 
shown ; so that it would appear that there is some cause 


operative which gives a more rapid attenuation, over 


the areas I have mentioned, than is caused by the forests. 
What is the author’s explanation of this? I observe 
that all through his work he has dealt with the number 
of trees per square kilometre though his measurements 
were of the energy travelling, presumably, on a straight 
line from the transmitting station. His figure for 
earth conductivity was apparently obtained as the 
result of certain observations over an area which was 
normally covered with trees ; if so, it seems to me that 
this effect of trees, which he emphasizes, is implicit in 
the figure already obtained, so that further allowance 
for this effect is unnecessary. He does not mention the 
depth of effective penetration. If it is very consider- 
able, attenuation is presumably unaffected by surface 
moisture; but, if it is not so, there is a considerable 
chance of error in the paper, because the experiments 


extended over a considerable period, and it is quite 
certain that the rainfall varied widely during that 
period. The experiments I have carried out on earth 
indicate that its conductivity is enormously increased 
by a slight addition of moisture, and that there is also 
a shift in phase, giving a leading angle of about 5°; 
that is at a frequency of 1 000, and I imagine that the 
same sort of thing occurs at higher frequencies. If, 
however, we may disregard altogether the effect of 
surface moisture, this point will not arise. 

Lieut.-Col. C. J. Aston: In Fig. 7 the contour 
lines 2 and 3 are very close together near Graves- 
end, where the Thames begins to widen. The same 
contour lines are quite a distance apart between 
Reading and Windsor. My knowledge of those two 
parts of the world is that between Reading and Windsor 
there are more trees than there are between Woolwich 
and Gravesend; and there are large tracts free from 
houses in the latter area. It looks as though some 
influence other than trees and houses may affect wave 
attenuation, as one would expect the Thames and its 
neighbouring marshes to be a favourable line. Can the 
author throw any light on this point ? 

Colonel A. S. Angwin: The author, in his conclu- 
sions, practically excludes all factors affecting attenua- 
tion other than the one which he specifically deals with 
as the subject of his experiments. In this connection 
two rather interesting comparisons can be made between 
the contour curve as shown in this paper and that 
exhibited by Dr. Smith-Rose, on the lantern slide, for 
New York City. One is that in the case of New York 
the shape of the contour lines is very much more 
irregular than the similar ones for 2LO; also marked 
differences in the gradient are accentuated in the case 
of the New York curves, and those marked differences 
in gradient extend even to distances as far as 70 miles 
from the transmitter. I think that the conclusions 
drawn in Mr. Espenschied’s * paper, in which the New 
York results were discussed, are that the irregular 
shapes were shadow and interference effects and that 
the varying absorption factor was largely due to the 
difference between an outer urban area and a suburban 
area, that is to say, the density of the buildings 
associated with large numbers of tuned aerial circuits 
as well as the metallic loop systems formed by gas, 
water and electric supply systems in houses and office 
blocks has a very marked effect on the attenuation 
factor. It has recently been observed in some measure- 
ments which we have made on 5GB, following a line 
going from the North-West of London to Daventry, that 
very marked attenuation occurred in skirting the edge 
of London, this being attributed to the absorption 
effect from tuned aerials and structures likely to absorb 
energy. A comparison between the attenuation in the 
N.W. and S.S.W. directions in Fig. 7 and between the 


_ density of buildings in these directions rather supports 


these inferences. There are doubtless exceptions, but 
I think a very general conclusion one might draw would 
be that a steep gradient in the attenuation curve would 
correspond to very broken or hilly country and closely 
built areas. I do not wish to infer that the action of 


¢ L. EsPENSCHIED: ‘ Radio Broadcast Coverage of City Areas,” Journal of 
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trees, so ingeniously investigated and brought out by 
the author, is not also a source of attenuation, but I 
do not gather from the paper that it excludes all other 
sources. 

Mr. R. H. Barfield (in reply): I am inclined to 
think that the deduction of the earth’s conductivity 
from attenuation measurements, as suggested by Dr. 
Smith-Rose, would prove somewhat difficult. It 
would be necessary to find a large area, of uniform 
conductivity and free from buildings or trees. If the 
forward tilt of a 5000-m wave is as much as 1” in 
Scotland, it means that the soil conductivity is about 
2-0 x 108 electrostatic units, which is very low indeed. 

Prof. Appleton will probably be interested to know 
that we are following up his suggestion with regard to 
a seasonal effect on attenuation. A comparison has 
been made of the distortion round a tree in summer 
and winter. It appears to be as much as 30 per cent 
greater in the summer. As the original tree measure- 
ments were made in the winter, a correction has been 
inserted in the calculation in the paper to allow for this 
effect. I do not consider that much significance attaches 
to the features of the contour lines pointed out by Mr. 
Wilmotte and Colonel Lefroy. These particular forests 
are by no means one entire wood, and in this respect 
the map is probably inclined to exaggerate their 
importance. They include considerable open spaces 
and, I think, would not have such localized effects as 
they suggest. 

The question of absorption by towns is of considerable 
interest, and I am at present engaged with Mr. Munro 
n an investigation of this nature. The results which 
we hope to publish very soon will, I think, provide some 
sort of answer to Mr. Wilmotte’s question and also 
those of Colonel Angwin. I should like to thank Mr. 
Wilmotte for his tribute to an experimental accuracy. 
Most of the credit, however, for this work on the 
effective height of an aerial belongs to Mr. Munro, who 
suggested the method and made the measurements. I 
think, moreover, that Mr. Wilmotte himself deserves 
some praise for producing a theory of aerial current 
distribution which so well fits the facts. 

The misprint noticed by Mr. Warren has been 
corrected for the Journal. It is not quite correct to 
say that if g were zero there would be no surface 
attenuation. As a matter of fact, it would be very 
large but would depend on the dielectric constant of 
the medium. I do not think that the existence of a 
strongly absorbing area within the first 10 km could 
produce the paradoxical result which Mr. Warren 
predicts, for the reason that the “ equalizing ” of energy 
at the greater distances would not take place to all. In 
other words the effect of the initial absorption would 


persist for all distances. 1 think that this is in accord- 
ance with the theory of electromagnetic waves, and I 
can call to mind at least one instance where it has been 
experimentally «demonstrated. It is equivalent to 
saying that diffraction effects are negligible. 

In reply to Mr. Taylor, my reference to the necessity 
of a correction for the earth's curvature was intended 
as a comment on the general validity of Sommerfeld’s 
theory. In my own work 1 have assumed that the 
distances were not large enough for the curvature effect 
to be taken into account. In fact 1 based this assump- 
tion on the experimental work of Mr. Taylor himself 
when, with Mr. Duddell, he conducted his valuable 
attenuation experiments across St. George's Channel. 
In these experiments the distance covered was about 
60 miles, and it was clear that the effect of the earth 
was negligible. 

The half-wave aerial referred to by Capt. Eckersley 
might reduce the energy absorbed by the ground, but 
only, I think, by reducing in the same proportion the 
actual amount of energy radiated horizontally. The 
relative surface absorption could not be affected. 

Colonel Aston’s question is rather difficult to answer. 
I agree that the tree hypothesis can hardly be stretched 
enough to explain every detail of the distribution, and 
I think one must expect exceptions which should not, 
however, shake the general conclusion in any way. 
The overall attenuation in the east direction is very 
nearly the same as that in the west direction, and 
that is what on the whole would be expected from the 
tree hypothesis. The explanation cannot, I think, be 
pushed any further than this. The irregularities in 
the New York radio signal distribution map cannot 
fairly be contrasted with their absence in the present 
case. The map in the former case is of an area compara- 
tively close to the transmitter, filled with buildings on 
an entirely different scale to those in London. For 
example, in the paper by Espenschied* (to an abstract 
of which Colonel Angwin refers), even a construction 
200 ft. high is not considered to be a tall building. 

Colonel Lefroy suggests that the method of measuring 
the earth’s conductivity by a rotating rod aerial, on 
which the theoretical curves are based, already takes 
account of the effect of trees. This is certainly not the 
case. The resistance measurements were all made in 
open spaces where the ground alone could be responsible 
for the effect measured. The same measurements 
clearly indicated the absence of any resistance change 
due to surface moisture and therefore provide the answer 
to his first question. 


* L. EspPeENSCHIED : “ Radio Broadcast Coverage of City Areas,” Bell System 
Technical Journal, 1927, vol. 6, p. 117. 
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PROBLEMS IN CONNECTION WITH THREE-PHASE STAR LOADS.* 


By ALEXANDER RUSSELL, M.A., D.Sc., LL.D., F.R.S., Past-President. 
(Paper received 21st September, 1927.) 


SUMMARY. 


It is known that the value of the power factor of a balanced 
three-phase load obtained by the two-wattmeter and the 
three-wattmeter methods are not always the same. It is 
known also that the ratio of the mesh voltage to the star 
voltage to earth is not always equal to y3. The author 
investigates the reasons for these variations and with the 
help of solid geometry develops a pictorial method of con- 
sidering the problem. It is proved that y3 is the maximum 
value of the ratio of the mesh voltage to the potential 
difference between a terminal and earth. Itis also proved 
that a star inductive load only has an equivalent mesh load 
when the time constants of the arms of the star load are all 
equal. 


INTRODUCTION. 


The increasing use of three-phase systems of supply 
makes it advisable to be able to predict beforehand 
what happens when a star load is connected with the 
mains. With sine waves and balanced loads the problem 
presents little difficulty, but when, as in practice, 
harmonics exist in the potential waves of the main 
terminals, when the load is not balanced and when 
inductance and capacity have to be taken into account 
the problem is one that cannot be solved by the simple 
vector methods in general use. It will be useful, there- 
fore, to apply more powerful methods to attack these 
problems and in particular to try to develop the pictorial 
representation of these problems by the methods of 
solid geometry. These methods were, so far as the 
author knows, first suggested by Dr. Sumpner. f 


E.M.F. SIFTER FOR THE HARMONICS WHICH ARE 
MULTIPLES oF 3. 


We show later on that when we have a symmetrical 
three-phase star-connected load the potential wave of 
the star point contains only the harmonics of the 
fundamental potential waves of the terminals the 
orders of which are multiples of 3. These harmonics 
of the potential waves are the same in magnitude and 
phase in the potentials of the terminals and the star 
point but in the latter case the potential wave contains 
no other components. All the rest have been sifted 
out. Hence this arrangement can be used to obtain a 
potential wave which consists only of harmonics of 
orders 3(2n — 1). 

* The Pa Committee invite written communications (with a view to 

ublication in the Journal if approved by the Committee) on papers published 
the Journal without being read at a meeting. Communications should reach 
the Secretary of the Institution not later than one month after publication of 
the r to which they relate. 

t WE, SUMPNER : Proceedings of the Royal Society, A, 1908, vol. 80, p. 320 


and the references given there. see A, RUSSELL : *“' Alternating Currents,” 
vol. 1, p. 305. 


METHODS Or BLOCKING OUT FROM A CURRENT WAVE 
ALL THE HARMONICS WHICH ARE MULTIPLES OF 3. 


Using the same balanced load as in the preceding 
case it is easy to see that in the potential difference 
from a terminal to the star point the harmonics of 
order 3(2n — 1) cancel out. Hence the current waves 
in the arms can contain none of these components. 
The arrangement therefore absolutely blocks out all 
the harmonics in the current waves of the orders 
3(2n — 1). Similarly, if we connect the machine to a 
symmetrical mesh load, the mesh electromotive forces 
and currents have no harmonics of orders which are 
multiples of 3. The ratio of the effective value of the 
mesh e.m.f. wave to the effective p.d. to earth of a 
terminal cannot be a constant, as the latter varies 
with the values of the amplitudes of the harmonics 
which are multiples of 3, whilst the former has the 
same value whatever these harmonics may be. 


WHAT IS MEANT BY THE POWER FACTOR OF A BALANCED 
THREE-PHASE LOAD ? 


Suppose that the balanced three-phase star load is 
insulated from the earth and that there are harmonics 
in the potential differences between the terminals and 
earth which are multiples of 3. If we now measure 
the power taken by the load by a two-wattmeter 
method, connecting a terminal of each wattmeter to 
the insulated star point, we can find a power factor, 
cos $, by the formula 
W, + Wa 


——; (1) 
2{Wi + W2 — W,W,} 


cos $ = 


where W, and W, are the two wattmeter readings. 
If, however, we use one wattmeter and connect one of 
its voltage terminals to earth, we find in the ordinary 
way a power factor cos pp, by the formula 


W 
cos ys = 3E,A, . . . . . (2) 


where W is the reading of the wattmeter, E, the 
effective p.d. to earth of a terminal, and A, the ammeter 
reading in a main. If there are no harmonics of the 
order 3(2n — 1) present in these potential waves of the 
machine terminals, ġ equals y, and the power factors 
are the same. In all other cases cos ¢ is less than cos ¢. 


THE EQUIVALENCE OF STAR- AND PAIR-CONNECTED 
SYSTEMS. 


We shall first prove a theorem on the equivalence 
of star- and pair-connected systems. If the star system 


14 TA UG ee ee 2 E 
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has three arms then the pair-connected * system is a 
simple triangular connection [Figs. 1 (a) and 1 (b)). 

Let the resistances be as shown in the diagram and 
let the potentials of the terminals and the star point 
be e, €, eg and u, respectively. For the present we 
suppose that the potentials are constant. Then by 
Ohm’s and Kirchhoff’s laws we have, when the star 
point is insulated, 


ee ee Ee mw. a E 

ri T2 "3 

1 e 
d th -= -. . . . . (4 
and thus u > > (4) 


a = 1222-24-12 by(4) . . (5) 
13 


Fic. 1 (a). 
Star connection. 


Fic. 1 (b) 
Equivalent mesh connection. 


where Cyn = 41 — € eig = € — €g 
1 1 1 
Ri = rra ia =) 
T 2 .% (6) 
1 1 1 
d = lo A EA 
an Rig = 7s E + E + F 


The equation (5) shows that so far as the current a, in 
the main M, is concerned the loads shown in Figs 1 (a) 
and 1 (6) are equivalent. Hence it is easy to show 
that if | 


71 Foz = Ta Fig, = TgRjg = Tye + arg + fary - (7) 


the currents in the mains and the power given to the 
loads are the same in Figs. 1 (a) and 1 (b). 

In general if the star load has n arms r}, fa, . . . Ty it 
is equivalent to a pair-connected load where each pair 
of terminals, “a” and “b” suppose, is connected 
through a resistance Rap, where > 


1 1 1 
Ba = rwd + d+) . . (8) 


n 


If the potentials e,, . . are alternating, the 
equations (4) and (5) are still true for instantaneous 
values, provided that the load has neither inductance 
nor capacity. 


* A. Rosen: Journal 1.E.E., 1924, vol. 62, p. 916; A. RUSSELL: Faraday 
House Journal, 1927, vol. 12, p. 86. 


Let us now suppose that the star point S is earthed 
through a non-inductive resistance x (Fig. 2). 
Then we have, if v be the potential of the star point, 


A o a 
Thus io (8) 
Xx r r 
where e ~ « . +. (10) 
Y Ti To Tg 


Comparing (4) and (9) we see that 
o(=+-)=" co... (D 
r r 
If p denote the power expended on the load in Fig. 2 
we get i ; 
— y)? — v)? —y v 
cet E aoe Se 


Ti To T3 


e e e '/l 1l 
=24+2 4 +) . « « (12) 
to es 2 r 


M, M3 


Fic. 2.—Star connection earthed through a resistance v. 


If p, be the power expended when S is earthed (x = 0) 
and pọ be the power expended when S is insulated, 
we have | 


ee e el 2 
Ps = r T, + rg , Po Ps y A . (13) 


and thus 


vu vu u? 
BS PE Poe = Sa 


where u is the potential of S when insulated. 
Using the pair-connected equivalent of the load 
shown in Fig. 2, we at once get 


1 1 e? e2 e2 17€? e? e 
pt) apt ds (15) 
D r) Tia Tag Ty E ha h 


(14) 


where eig = €, — €, etc., and therefore 


e2 e2 e2 
p=r[ 2 + 8 4 th . . (16) 


Tia fars Qh 
H ET es eel (17) 
ence P= PE wo rat! e >e œ 


2 


e e2 e? 2 
=r By Bh E, . (18) 
r+z 


Tia Y gr T 
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When the earth resistance is 2, the efficiency 7 of 
the star distributing load is given by 


u? v? 
= useful power por; toa s (19) 
total power __ u? 
Po + r+a pS 


Hence y has a minimum value 2/(1 + (ps/pp)1] when 
x = T(P pat = [1 + u2f(rp,)}#. The minimum effi- 
ciency of the star load therefore occurs when 2 is 
greater than r. . 

With alternating currents the equations (12) to (19) 
still hold when we write the effective values E}, Ep, Ez, 
etc., for e ĉes €g ... and the average values P, P; 
and P, for p, ps and pp. 

Thesé equations are true whatever the shape of the 
wave may be. 


THREE-PHASE THEORY. 


Let us now consider three-phase theory. With the 
usual notation we suppose that the potential e, of the 
first terminal of the machine is given by 


e, = Er sin (wt + ay) + Egsin (3wt + ag) +. . . (20) 


so that the wave is a purely alternating one, Bi, Es, o 
are the amplitudes of the harmonics and aj, dg, - - 
are their phase angles. We suppose that the machine 
is absolutely symmetrical so that the potentials e, and ez 
of the other two terminals can be deduced from (20) 
by writing wt + (27/3) and wt + (47/3) in place of wt. 

It will be noticed that all the harmonics which are 
multiples of 3 are unchanged by either of these opera- 
tions. It readily follows that 


e + + 
= 3{E3 sin (3wt + aa) 6 E sin APE y a) - +...} 
= 3u (say) . . (21) 
It is convenient therefore to write (20) in the form 


= ty + u, 
êg = Ug + a 


where uj, u, and uz are the sums of all the harmonic 
terms in e,, ey and ez respectively, the orders of which 
are not multiples of 3. 
Thus 
ro. A ro. 

u, = E, sin (wt + a) +'E; sin (wt + ag +... 
and u is given by (21). 

Adopting the definition of the phase difference (19 
between two alternating waves given in Russell’s 
** Alternating Currents ” (vol. 1, p. 278), we have 

T 


ferea 
0 
EE, 


and also ly = Uù tu. (22) 


(23) 


where E, and E, are the effective values of e, and e, 
respectively. It follows at once that the length of the 
vector E, representing e, — es, is given by 


Big = Ei + E? — 2E, E, cos ayy - (25) 
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| no limitations being made with regard to the shape of 


the wave. It is to be noticed that H,H, cos aj, is the 
mean value of eye. ; 

On our assumptions U, = U, = U. Since u, and 
u have different frequencies the mean value of wu, is 


zero. Hence by (22) we have 
Ei = U] + U?, E% = U3 + U? 
and El = U + U? (26) 


where U,, U,, U, and U are the effective values of 
Uy, Ug, Ug and u respectively, and from (21) 


9U? = 3E} + 6EÍ cos aya - (27) 
and by (26) and (27) 
2 — 2 
COS Gy. = COS — ih Ui — 208 da (28) 
3" yi402 


If there are no harmonic terms of the order 3(2n — 1) 
in (20), u vanishes and thus aj, equals mio: The 


three vectors therefore lie in one plane. If U% equals 


0 


Fic. 3.—Voltage tetrahedron. 

OM,=E,, OM2=E3, OMs=Es3, MiMe=Ei2, MaMz=Eo3, MaMy=E 

SM,=U,, "SMe =U 2 $M¿=U, m,=?,, TMa=Va, “TMs= Va, OS Sl 
and OT=V. 
207, ay, is 90° and the rias vectors are at right angles 
to one another, and if Uf is less than 2U? they make 
acute angles with one another. It will be seen that if 
we wish to study the problem geometrically we must 
have recourse to solid geometry. 


THE VOLTAGE TETRAHEDRON. 


We shall first suppose that the star point S [Fig. 1 (a)] 
is insulated, that the circuits of the three-phase machine 
are similar and that e, is given by (20). 

è Capital letters denoting effective values, we have 


From (23), u, + Uy + Ug = 0 


Hence* U,, U, and Ug lie in one plane. 
We also have 


(29) 


— & te= 0,... 


and hence E, Uy and U lie in one plane and By», E, 


and E, also lie in one plane. 
We can fit all these vectors into one diagram if we 
construct the tetrahedron shown in Fig. 3. 


* A. RusseuL: ‘‘ Alternating Currents,” vol. 1, p. 305. 


é;—U—-u=0,...6 
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It will be found that the results obtained from this 
diagram are the same as the results obtained analytic- 
ally. For example, since S is the centre of the 
equilateral triangle M,M,Mg, the angle OSM, is a right 
angle, and so Ht = U? + U2,... and 


2B? — Ela _ 202 — U? 
257 2(U1 + U?) 
which agrees with (28). 
We also have 


cos Q12 = 


E = 43.0, . -. . (30 


Thus if U,, the potential difference between a terminal | 


and the star point, is 230 volts, then Æ, the potential 
difference between the phases, is 398-4 volts. 

Since E, cannot be less than U, on a balanced load, 
it follows that 4/3 is the maximum possible value of 
the ratio E/E}. When harmonics which are multiples 
of 3 are present the value of E, will be only roughly 
equal to 398-4. If we were to adopt the decimal 
convention and call 400 the standard voltage between 
the phases, then when this voltage had its standard 
value the potentials of the three terminals would 
generally be something greater than 230-94, which is 
the p.d. from a terminal to the star point when all the 
harmonics of order 3(2n — 1) are absolutely zero. If 
250 had been chosen as the standard voltage from a 
terminal to the star point the maximum possible value 
of the phase voltage would have been 433-0. 

Let us now suppose that the load in each arm is 
(r,t) and let v’ be the potential of the star point. Then 
if D stand for the operator 0/d¢, we have by Kirchhoff’s 
law 


1 feces 
Pip a eee =O 


2 (Qu — 34) = 0 


d th 
and thus 7 ID 


It follows that v’ equals u and therefore only contains 
harmonics of the order 3(2n — 1). If a, be the instan- 
taneous value of the current in the first arm, we have 


e, — u = ra, + Da 


and therefore Uy = ra, + la, . . . . (3D) 

Hence, since u, does not contain harmonics of the 
order 3(2n — 1), neither does the current wave a,. 
From (31), multiplying each side by a, and taking 
mean values, we get 


U,A,cosp=rAÍ . . . . (82) 


where ¢ is the angle of phase difference between U, 
and AÁ, From symmetry, therefore, the total power 
is 3U,A, cos ¢ or 4/3 . H,,A, cos p. 

The power at any instant is equal to e,a, + CoG, + egag. 
Hence the average power is 3H,A,cos y, where yr is 
the angle of phase difference between E, and A). 

Therefore 3E,A, cos y = 3U,A, cos ¢ by (32), and so 


cos y = (U,/#,) cos 
a. . . . (33) 


where f is the angle OM,S (Fig. 3). 


Equation (33) shows that if there is a harmonic of 
c] 3(2n — 1) in e,, then cos % is always less than 
cos @. 

Let us draw M,A in Fig. 3 to represent the vector 
of t,, so that the angle SM,A is ¢. Then if this vector 
is in the plane M,M,M,, cos OM,A will equal cos f cos ¢. 
But we see by (31) that this is the case and hence M,A 
is in this plane. Its phase angle with E, that is, 
with M,M,, is 30° — ¢. If we make a two-wattmeter 
measurement of the power in the star load, the instan- 
taneous value of which is ed + €gg%, we get 
E24; cos (30° + $) + E4, cos (30° F e). 

Since E, = Ey, and A, = A, this becomes 


4/3 . EA, cos e. 


If W, and W, be the two wattmeter “readings the 
formula ordinarily used to find the power factor is 


W, + W, 


cos o’ = —_—_—_—_-_ m 
$ 2(Wi + W2 — W, Wa) 

It readily follows that ¢’ = $, and this is true on a 

balanced load whatever the shape of the wave. 

It seems to the author that cos y has more claim to 
be considered the power factor of the balanced load, 
as it varies with the amplitudes of the harmonics of 
order 3(2n — 1), whilst cos ¢ has the same value what- 
ever their amplitudes may be. In his opinion the 
value found from formula (1) is too high. . 


STAR PoINT EARTHED. 


Let us now suppose that the star point S is connected 
with the earth through an inductive resistance (zx, J). 
If no harmonics which are multiples of 3 are present 
in e,, the potential v of the star point is zero and the 
potential differences v,, v and vg between the terminals 
M, Mz and My, and the star point S are equal to 4,, Uy 
and uy respectively. When u is not zero we have 


1 


FID“ (34) 


v 
— v + e — v + eg — 9) = s FID 
where R and L are the constants of each arm of the 
load. Noticing that e, + e + ¢, = 3u, this becomes 


(æ +Ë) + (1+ Z)Dv = au + Wu - (36) 


As u only contains harmonics which are multiples 
of 3, the equation (35) shows that v will also only 
contain these harmonics. The vectors of v and u would 
therefore be at right angles to the vectors of t4, uy and uz. 
Hence if our solid-geometry construction holds, u and v 
would be in phase with one another. Equation (35), 
however, shows that this is only the case when the 
time constants L/R and lx are equal. In other cases 
the solid-geometry construction fails. 

When the time constants are equal, 


(36) 
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Take a point T on OS (Fig. 3) so that 
OT V 3x 


OS U R+3%' (37) 
then M,T = V, MT = FV, and M,T = Va. 
We also have 
R 
TS = pe . . . . (88) 
R \2 
and thus V? = U? 4 (are) u? (39) 
| = Fis ( R J 
= + Bis U? . . (40) 


It will be seen that Y, continually increases as x 
diminishes, and 


Ea _ 3 
y 1+ dl R \2U3 (41) 
R + =) E? 


Thus with the centre connected to earth the ratio 
E,JV is less than 4/3, i.e. less than 1:7320... 
except when there are no harmonics present which are 
multiples of 3 or when S is insulated. In the latter 
case, however, E,)/E, is less than 4/3. 


UNBALANCED LOAD, STAR POINT INSULATED. 


Let us suppose that the resistances of the arms of 
the load are r,, r, and r} respectively and that they 
are non-inductive. If u” be the potential of the star 
point we have, by (4), 


ar a) 


where - = be + = + —- Thus, squaring and taking 
1 2 ' l 
mean values, we get 
1 El 
(Uys = 37 + T 


be... . (43) 


Now if we have three vectors Æ, E, and E, acting at 
a point O, the resultant of the r,th, r,th and rth part 
of these vectors (Fig. 4) is OS where OS equals U’ and 
S is the centre of gravity of masses l/r}, l/r, and 1/r3 
placed at the pomis M, Me and My respectively. Since 


2. Ey E; COS dg, = E? + ER — Bis, etc., we get from (43) 
2 2 2 2 
ua Ei _ £ E3 _ Es Bs) _ Er (44) 
E 9 1% Ra Ra Rg 


where Rap = ral ae — za 5). 


If Sọ be the poe dia of S (Fig. 4) when the arms 


are balanced, we have M,Sọ = U,, MS) = U, and 


M,Sọ = U, Hence if E, = E, = E, we get, from (44), 
l 91 (— 1 1 1 ) 
2 = ye. dG 
(U) r2 Eiz — Elo ro F Tar + TiTa ( ) 
From Fig. 4, 
3(OS,)? = 3U? = 3E] — Bip (46) 
d thus {(U)? — UR = (ss 
an us (( ” — ha = | 0)" 3° 
Hence 
1 1 1 
al aa aa 
soisi) 
Efl 1 1 1 1 1 
= "3 Un re (21) 


Fic. 4.—Voltage tetrahedron, with unbalanced load and 
star point insulated. 


SM, =U}, SMg=U9, SMg=U3, OS= U’ = voltage of star point. 


We also have 


2 1 12? & 
2 = E? (= =) 12 
2/1 1 1 ) 

= je 48 

Bie E ar (48) 


UNBALANCED E.M.F.'s AND UNBALANCED LOADS. 


We suppose that the star point is connected with 
the earth through a resistance x (see Fig. 2). In this 
case the tetrahedron is shown in Fig. 5. We also have, 


as in (11), 
1 1l U’ 
v(- + >) a ° ° 
r £ r 
where U’ = OS and V = OT, UW’ and V being in phase 


with one another. Hence* 
2 2 
1 EL Eig =) (- 1 3 
2 — o) m a A mo 
(¿+ 2) (UT) = (24 a, 


Ti Ya z 
To's T@ = Tet 
“ Alternating Currents,” vol. 1, p. 386. 


(49) 
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This also follows from (9) since | 
e ba e 
G E J aed oa To F T Pa EPI 


Hence, squaring and taking mean values we get (50). 

In this case U’, which is represented in Fig. 5 by OS, 
is given by (44). Another expression for V,(M,T) can 
be found as follows. We have 


(M,T)? = Ej + V? — 2E,V cos y 
where y is the angle M,OS. Thue 


V , 
Vi = Ei + V? — (E+(U)9?— (UN). (52) 


Since also y = Eea 
r+2 
22% pt mne 
Vi a ia F (53) 
O 
M, Ms 
M2 


Fic. 5.—Voltage tetrahedron with unbalanced e.m.f.’s. 


OS= U’=voltage of star point when insulated. 
OT=V=voltage of star point when connected to earth through z. 


where U is obtained from V, in (50) by making x equal 
to infinity. Hence 


Uy)? 2  EÍX/1 1. El 
Su = (2+) (-+-)-% (54) 
i T2 T3 2 "3 Tels 
V, has its minimum value when 
E? + (UN? — (U})2 
op rene (55) 


(UN + (UY? — 
In order that V, may have a minimum value OSM, 


must be an acute angle, and therefore E, must be less 
than (U3)? + (U’)2., 


WHEN THE THREE LOADS ARE INDUCTIVE. 


We have already seen that with direct-current 
potentials a star load r,, r, and rg is equivalent to a 
mesh load Ry, R and Ra. We shall now consider 
whether a similar theorem is possible when the induct- 
ance of the arms is taken into account. Let the 
constants of the arms be (rj, l), (rg l) and (rg, 1) 
respectively. Then if u’ be the potential of the star 
point which we suppose to be insulated, we have 


lu de e 
5 + rg + rs + LD 


Sat =0 . (56) 


Thus the current a, in the first branch is given by 


Ea 12 13 

AS ATID RgtL bt Bot LD" (57) 
provided that Ris Lia -- . 
tions 
(7, + 4D) (Rog + LogD) 

= (ra + aD) (Bo, + LoD) 
(7g + 13D) (Riz + LiD) 
(7, + 4D) (r2 + 12D) + (72 + 12D) (13 + 13D) 

+ (73 + D) (7, + AD) .. (58) 


By hypothesis, this has to be true for direct currents. 
Therefore, putting D = 0, we see that the equations (7) 
must hold. Similarly for very high-frequency currents 
we must have 


are found from the equa- 


Ly Log = lglg, = lgljo = lglg + dla + hla - (59) 
It follows also from (58) that 
Ly Rog + Log", = las, + Larra = lgRye + Lists. 


From these equations it readily follows that 
Gu an eg la à i (60) 
1 


Hence in order that we may have an equivalent 
mesh load, the time constants of the star arms must 
all be equal. 

In this case we readily deduce the voltage tetrahedron 
given in Fig. 5. 


EQUIVALENT STAR AND MESH CONNECTION OF 
CONDENSERS. 


Let k,, kg and k, denote the capacities of the con- 
densers connected in star and let the star point be 
insulated. Then if the total charge on the plates of 
the condensers connected with S be always zero, we have 


ky(e, — w) + koleg — u’) + kglezg — u) = 0 (61) 
where w’ is the potential of S. Hence 
iea + koez T kgeg : , . (62) 
kı + ky + kg 


If q, be the charge on the plates of k connected 
with M, we have 


qı = ky(e, — wv’) 


w = 


k,K3€12 k,kg€1g 
kı + ko + kg ky + ka + kg 
12%12 + Kigeg 


Therefore the mesh condensers shown in Fig. 6 are 
equivalent to the star condensers, provided that 
kgK,z = ky Koy = koKg, = Kj2Ko3 da KygKg + Kg Kyo 
198 
——Á . . (63 


These equations enable us o to change a star 
connection of three condensers into a mesh connection, 
or vice versa. 
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When kı = ka = k = k, we have and therefore 
_~a— e 
Kız = Ky = Ky = $k q = -R zp + EPen (65) 
In this case, by (62) and (21), ao 2 y 
2 "LID "ID" R (66) 
w’ = Ple, + ez + eg) = u 
and = KD(e, — u’) = s y KDe, . (67) 


M, 


M2 M; 
Azz 


Fic. 6.—Equivalent star and mesh connection of condensers. 


Hence the star potential wave can only have har- 
monics which are multiples of 3. 

In no case, however, can the charge (q) wave have 
a harmonic which is a multiple of 3. 


RESISTANCE COIL, CHOKE AND CONDENSER CONNECTED 
IN STAR. | 


When a resistance R, a choking coil L and a con- 
denser K are connected in star [Fig. 7 (a)], we can 
still apply the methods given above. To simplify the 
problem we suppose that the e.m.f. waves are sine- 
shaped and that the impedance of each arm is the same. 


Hence D? = — w?, and R=Lw=1/(Kw), where 
M, M, 
Re 
S 
HH 
L Su 
M: M, ; M2 R Mg 


Fics. 7 (a) and 7 (b).—Equivalent loads when the impedances 
of the arms are the same. 


w = 277f and f is the frequency. If the star point be 
insulated and at potential u”, we have 


e, — u’ ly — U’ = v\ 
n+ Apt Kies - ¥') = 0 


Thus (a+ 2 + KDe, (64) 


R zp + KD)w = eae 


By hypothesis LK«w? = 1 and thus 


1+ LKD? _ 
LD o 


1 — LKw? 


ip ~S 


1 
Ea 


These equations show that the currents in the mains 
for the star load shown in Fig. 7 (a).are the same as 
when the mesh load shown in Fig. 7 (b) is substituted 
for it. 

Although the average power expended is the same 
in the two cases, the instantaneous values of the energy 
stored in the field are not the same. The currents are 
very unsymmetrical. The following equations give the 
analytical solution. 


e, = Esin wt 

e = E sin (wt + 27/3) 

eg = E sin (wt + 47/3) 

€19 = V3.Esin (wt — 7/6) 

€ = 4/3 . E sin (wt + 376) 
and € = 1/3. Esin (wt + 77/6) 


M, £23 My 


FiG. 8.—Voltages across the arms of the loads shown in 
Fig. 7 (a). 


The potential u of the star point = (1 + V3)E sin wt. 


The currents in the mains are given by 


a, = Isin (wt + n) 
a = 2I cos (7/12) sin (wt + 57/12) 
and a, = 21 cos (75/12) sin (wt — 571/12) 


where I = 4/3. EJB. 
If 44, denote the current between M, and M, in 


Fig. 7 (b) we have 


tie = J sin (wt — 2713) 
tog = I sin (wt + 37/6) 


and tg, = I sin (wt — 713) 


We have also for the potentials between the terminals 
and the star point, 


u, = 4/3. Esin (wt + 7) 
Uy = 24/3. cos (77/12)E sin (wt + 1175/12) 


and u = 24/3. os (77/12) H sin (wt + 1377/12) 
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The energy stored in the network shown in Fig. 7 (a) 
at the time ¢ is 
$LI*(2 + 4/3) (1 + sin wt cos wt) . 
and in the network shown in Fig. 7 (b) is 
4LI7(1 + +/3 sin wt cos wi) 
Fig. 8 shows a graph of the vectors of a,, a, and ay; 
Uy, Uy and Ug; €j9 Cog and eze In Fig. 9 the vectors 
Of 749, tag and tg, are shown. It should be noticed that 


we have assumed the voltage waves to be sine- 
shaped. 


(68) 


Fic. 9.—The currents in the arms of the mesh load shown 
in Fig. 7 (b). 


NUMERICAL EXAMPLES. 
The following numerical examples illustrate the 
problems discussed in this paper. 
(1) Consider the following e.m.f. waves for terminal 
No. 1 of a symmetrical three-phase alternator. 


(a) e, = 290 sin (wt + ay) + 280 sin (3wt + az) 
(5) e, = 350 sin (wt + as) + 200 sin (3wt + az) 
(c) e, = 370 sin (wt + as) + 160 sin (3wt + Ag) 
(d) e, = 400 sin (wt + ay) + 50sin (3wt + as) 
(e) e, = 403-1 sin (wt + a) 


It is easy to see that for the first four of these waves 
E, equals y/(81 250) which is practically equal to 285, 
and this is very approximately the value of E, given 
by (e). Although the voltmeter readings between the 
terminals and earth are practically the same in the 
three cases, the potential U of the star point for a 
symmetrical load is for (a) 198, (b) 141, (c) 113, 
(4) 35-4 and (e) zero. The potential difference U, from 
terminal No. 1 to the star point is for (a) 205, (b) 248, 
(c) 262, (d) 283 and (e) 285. The value of the phase 
voltage Hy, is for (a) 355, (b) 429-5, (c) 453:7 ,(d) 490-1 
and (e) 493-5. We also have 


— ss | ON bred | sn | ar | rr rr 


1-720 1-732 


The vectors are shown in Fig. 10. 
The angle a} of phase difference between E, and E, is 
given by (28) and thus 


97:3 | 105-5° | 118-5° 120° 


(2) As a second example consider the wave 


e, = 190 sm (wt + as) + 170 sin (3wt + ag) 
+ 110 sin (5wt + as) + 130 sin (9wét + ay) 
+ 70 sin (15wét + a5) + 50 sin (19w? + ajo) (69) 


Fic. 10.—The voltage tetrahedron. 


It is easy to see that the values of E,, E,g, U, and U 
are independent of the angles of phase difference in (69). 
Hence these angles do not affect the shape of the voltage 
tetrahedron, although they have a very marked effect 
on the shape of the wave. 

We have U, = 159-2 approx. and U = 159-2 approx. 


Hence E, = 225-2 and Hy, = 275-8 


We find that 
19 = Ugg = Ag) = $r 


where a is the angle of phase difference between 
E, and Ez. We also have E, E, = 1-224. 

We also see at once that the angle f between E, 
and U, is 45° and so also is the angle between E, and U. 

If Y is the angle between E, and A, and cos ¢ is the 
** power factor ” obtained by the two-wattmeter method, 
we have 

cos Y = cos $ x 0-7071 


For example, if cos ¢ is 0-8 the true power factor, 
cos Y, is 0-5657. 

The author believes that these results are in accord- 
ance with everyday experience. 
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A NEW METHOD OF DEALING WITH THE ROTOR WINDINGS OF 


THE CASCADE 


MOTOR.* 


By FRITHJOF LUND. 


(Paper first received 17th January, and in final form 30th May, 1927.) 


SUMMARY. 


The author was led to write this paper by reading Mr. 
F. Creedy's paper entitled “Some Developments in Multi- 
Speed Cascade Induction Motors,” ¢ and the present paper 
mainly shows a new way of arriving at the same conclusions 
as Mr. Creedy. 

For the sake of clearness the new method of studying 
the subject is first applied to the ordinary windings which 
produce only one rotary field. The two-field windings on the 
rotor of the cascade motor are then treated, and finally some 
curves are given showing the amount of copper used in the 
cascade windings, compared with that employed in the 
ordinary windings. 


PRODUCTION OF A ROTATING DISTRIBUTION OF 
AMPERE-CONDUCTORS. 


Let us consider a distribution of ampere-conductors 
round the circumference of a rotor in such a manner 


that the ampere-conductors, A, per cm of circumference 
follow a sine law. Referring to Fig. .1, we can then 
write 

A, = Am Sin pa 


where Apm is the amplitude of A, and p is the number 
of waves or the number of pairs of poles. 

Assuming the ampere-conductors to be rotating with 
a constant angular velocity w, A will at every point be 
a function of the time and will vary according to a sine 
law. If Fig. 1 refers to the time t = 0, we have 


= Am sin (pa — pwt) 


* The Papers Committee invite written communications (with i 
publication in the Journal if approved by the Committee) on pio publ 
Fri a Sey ct the dae oanp Tead =n À moeng: Communications should reach 

of the on not later icati 
e caves te Chk they Telata. an one month after publication of 
t Journal 1.E.E., 1921, vol. 59, p. 511. 


If we assume that the value of a remains constant as 
t varies, it will be seen that the rotating ampere-con- 
ductors will correspond to any centimetre of conductor 
carrying a sinusoidal alternating current having an 
amplitude Am and phase angle pa. The amplitude of 
the stationary ampere-conductors will therefore be the 
same throughout, while the phase angle will vary round 


pa 


Fic. 2. 


the circumference so that at any point the time angle 
is p times the space angle. 

In the ordinary way A can be represented by a 
vector, and for the particular point “a” on the cir- 
cumference which corresponds to the angle a, this 
vector will be as shown in Fig. 2. If in Fig. 1 we vary 
the angle a and thus proceed round the circumference 


Aa: ds 
1| sin ia pl 


sin pa 


Fic. 3 (a). Fic. 3(0). 

of the rotor, the extreme point of the corresponding 
A vector will revolve on the circle which is plotted in 
Fig. 2, but with p times the angular velocity (Mr. 
Creedy's method). 

Let us assume that in order to produce the ampere- 
conductors round the circumference we can only use an 
alternating current having three different phases 
(m = 3), corresponding to the three directions 1, 2 and 3 
in Fig. 3(a). Then it is clear that we can obtain the 
required value of A for all the points, M say, on the 


228 


circumference where the phase of the A vector coincides 
with one of these directions. In the case where p = 4, 
this will occur at M = mp = 3 x 4 = 12 points, 
spaced round the circumference as shown in Fig. 4. 
The numbers here indicate which of the three phases 
is required at each point. For the intermediate posi- 
tions we can obtain the desired value of A by combining 
the currents at the two neighbouring points. At the 
point “a,” for instance, the required A vector will 
correspond to the heavy vector in Fig. 3(a). As there 
is no current of this particular phase, this vector must 
be composed of two vectors of phases 1 and 2 


Fic. 4. 


respectively. In order to determine the lengths of 
the two components the current parallelogram in 
Fig. 3(a) is redrawn in Fig. 3(b). From this figure it 
will be seen that we must take a fraction A,\sin pB/sin ¢,) 
of current 1, and a fraction Am(sin pa/sin ¢,) of 
current 2. From this it follows that, on the four 
sections 1-2, currents 1 and 2 must be distributed as 
Shown in Fig. 5. It will be observed that the two 
curves are paced symmetrically, both being sine curves 
with their half-waves = mfp = the pole-pitch. 


Phase 1 Phase 2 


Fig. 6 shows the distribution round the circumference 
when $, = $ = da = ¢ = 2m|m = 120°, corresponding 
to balanced three-phase currents. In this case all the 
curves will be equal, and any phase will extend 

Pp p m 3 
where 7 is the pole-pitch. 

When the number of phases (m) is large, the A curve 
represents only the first part of a sine wave and will 
be practically a straight line, as shown in Fig. 7. 

In practice it is only possible to obtain the required 
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ampere-conductor distribution by varying the number of 
bars according to the A curve. 

In Fig. 8, (a) shows a winding arranged for six phases. 
In each triangle shown, all the bars carry a current of 
the phase corresponding to the vector which is marked 
with the same number. Only a three-phase current is 
needed, because, for instance, the triangles 1 and 1’ 
represent the two sides of a coil consisting of 20 turns. 
It is evident that only where the number of turns per 


coil is definite can the distribution be made exactly as 
indicated by the A curve. 

In Fig. 8, (b) shows a similar winding but with nine 
turns and the bars lying in slots. For the sake of com- 
parison, (c), the last winding, is arranged in the ordinary 
way. The ampere-conductors will here depart still 
more from the ideal rotating vector. 


BREADTH FAcTOR. 


A study of the distribution of the two phases illus- 
trated in Fig. 5 shows that the total copper area over 
the distance ¢/p must correspond to Ay ampere-con- 


ductors, being twice the total ampere-conductors from 
each individual phase. Hence 


p/p 
A 2A 
= 2 msi da = ——"(1 — 
Ay | spain a pag cos ¢) 
0 


1t being assumed throughout that the radius of the 
rotor =1. If, at any point, A could be produced by 
only one current instead of by two differing in phase, 
the required area would correspond to a current 
Ayo = Amplp. The ratio of these last two quantities 


THE ROTOR WINDINGS OF THE CASCADE MOTOR. 


229 


indicates how much of the copper is taken into account 
compared with the highest possible quantity, and is 
identical with what is ordinarily called the breadth 
factor (K). Thus 


p sin $ 


and from this expression Table 1 can be prepared. 


TABLE 1. 
$ 180° 120° 90° 60° 0 
K 0 0-605 0-785 0- 908 1 


$ =0, as shown in Fig. 7, and K = 1 also follows 


directly from this figure. 
1 
2’ 3 
3 
v 
2 3 


(a) 60 oe | 
Hi tH 
500000000 
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REDUCTION OF THE NUMBER OF ELEMENTS. 


In the rotor shown in Fig. 4, A is at as many points 
as possible produced by only one current, and, as we 
have a balanced m-phase current and p pairs of poles, 
this can be done at M = mp equally-spaced points on 
the circumference. In this case the distance in which 
A must be made up of the two values of ampere-con- 
ductors at the neighbouring points will be as short as 
possible, or, in other words, the extension of an element 
which carries current of a particular phase will be a 
minimum. 

This is, however, not at all necessary. In Fig. 4, 
for instance, we can disregard every second point, and 
the distance in which A must be formed will therefore 
be twice as great, This is shown in Fig. 9 in which, 
for the sake of clearness, the number and direction of 
the phase required are added at every point. 

For an angle a it will be noted that the required A 
vector must be made up of the negative components of 


VoL. 66. 


the vectors at the points 1 and 2, as'distinct from the 
previous case where the components were always 
positive. But as sin ¢ is now negative, in the last case 
the expression A,,(sin pB/sind) gives the required 


A ' 
Am 
Sind sin 28 


Am .: 


Fic. 9. 


1-component all over the distance 1-2. Similarly the 
2-component will be A,,(sin pa/sin $), a and B being the 
angular displacements from 1 and 2 respectively. 


Fic. 10. 


This is illustrated by the two sine curves in Fig. 10, 
and in Fig. 11 is shown the distribution round the total 
circumference, different types of lines representing 
different phases. 


Fic. 11. 


It is evident that any number of elements is possible, 
the only condition to be observed being that adjacent 
elements must carry currents differing in phase by an 


16 


K 
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angle } = 27p/M. The distribution of the element 


corresponding to any values of p -and M is given in 
Fig. 10. Ignoring the abscisse scale, the distribution 
curve in Fig. 10 depends only on the ratio p/M. 


PRODUCTION OF Two RoTATING DISTRIBUTIONS OF 
AMPERE-CONDUCTORS. 


It is obviously possible at the same time to get two 
independent distributions of rotating ampere-conductors 
by using two distinct windings on the rotor. 

Let us now assume that in both windings there is an 
alternating current of the same frequency f. In this 
case the angular velocity of the two rotating vectors 


will be inversely proportional to the number of pairs oi 


poles, because w = 27rpf. If we ignore the magnetic 


balance, the direction of revolution, the number of poles, . 


and the amplitudes of the two rotating vectors can be 
chosen absolutely independently of each other. 

When the two windings are arranged according to 
Fig. 11, both for the same number of elements, it is 
clear that for a particular relative position of the 
windings every element of the one winding will be dis- 


($9) 


Ld 


P pairs of poles =—_ 
ye oe oe SSS 
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tributed over the same angle as the corresponding 
element of the other winding. This is shown in skeleton 
form in Fig. 12, 1 and 1’, 2 and 2’, etc., being 
corresponding elements of the two windings. 

If every element of the P winding (Fig. 12) carries 
current of the same phase as the opposite p element, 
the two elements can be combined to form a single 
element. Such an element requires only one current, 
and the resultant ampere-conductors A are obtained by 
varying the number of bars along the circumference. 

The phase difference of adjacent elements of the P 
winding is 

277 

q? 
and of the p winding is 
27 
um? 
where the positive sign refers to rotation in the same 
direction and the negative to rotation in the opposite 
direction. If the difference between the above angles is 


27m, where n is a whole number, the currents in op- 
positely situated elements will be of the same phase 
throughout. From 


277 2r 
727 (+37?) =e. 
it follows that | 
P+p 


or, expressed in words, the number of elements must 
be a factor of the difference of the numbers of pairs of 
poles for the same direction of rotation, and of the sum 
for rotation in the opposite direction. Hence the 
maximum number of elements will be (P — p) and 
(P + p) respectively. 

In what follows the author will deal only with windings 


Fic. 13. 


adapted to currents which revolve in opposite directions, 
and the maximum number of elements will always be 
chosen, because the elements have then the smallest 
angular extension and therefore the shortest end-con- 
nections. Hence we can write M = P + p, which 
corresponds to the rule stated by Mr. Creedy. 

The author now proposes to show how a P element 
and a p element, which are opposite to each other, can 
be combined to form a single element, and for the sake 
of clearness this will be done for certain values of 
P and p. 

Case (1)—P =4,p =2,M=P>+p=6 

The P winding will be as illustrated in Figs. 10 and 11, 
and the A distribution of a P element will therefore be as 
plotted in (a), Fig. 13. (b)in Fig. 13 shows the p element 
for the same part of the circumference, and this curve 
will be similar to that in Fig. 5, because p/M is the 
same in the two cases, and, as the direction of the 
rotation is opposite, this has no effect on the distribution, 

By superposing the curves in (a) and (b), Fig. 13, we 
obtain curve (c) in Fig. 13, and if the bars are dis- 
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aaaeeeaa a a A A 


tributed according to (c) the element will be equivalent 
in its action to two distinct elements, the bars of the 
first being distributed according to (a) and of the second 
according to (b), Fig. 13. 

If the two component elements had been displaced 
by an angle instead of being exactly opposite to each 
other, we should have obtained a different resultant 
curve. But as this curve would have a greater angular 
extension and an unsymmetrical shape, it would not be 
so suitable as the first one. 

In Fig. 13 the hatched areas correspond to the 
amount of copper used in the different cases, and the 
sum of the two upper areas minus the lowest one 
therefore indicates how much copper has been saved by 
combining the elements in this way. 

Fig. 14 shows the distribution for the total circum- 
ference, that is, it indicates the ideal distribution of 
the bars on the rotor of an internal cascade motor with 
4 and 2 pairs of poles and an infinite number of bars. 


+A 


Pan) 
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From Fig. 13 it is evident that, apart from the 
difference due to the abscisse scale, the resultant curve 
(c), Fig. 13, will be-the same for all values of P and p 
with a particular ratio P/p. In the present case we 
“have P/p = 4/2 = 2, which corresponds to 

P 2 p 1 
——— =; and == 
P+p 3 P+p 3° 

Any of the symmetrical halves of the resultant curve 
(c), Fig. 13, can be expressed by the formula 


A= frm A ptm) 


sin PB + 
271 sin 


sinp . (1) 
277 


sin 


P+p P+p 


where B is the angular displacement from the limiting 
positions of the elements, and Ap(m) and Ap(m) are the 
amplitudes of the rotating vectors with P and p pairs 
of poles respectively. 

If the elements are separately wound, the positive 
hatched area and the negative hatched area will be equal, 
because there must be the same number of bars carrying 


the current backwards as forwards. The last requirement 
can be expressed by the equation 


2 [(P +1) 
[4 ds > 
0 


which, when integrated, becomes 


P 
A plo) € — cos 2m) 
A P+0p 
P sin 277 
P+p Apt) 
ab pur (1 — cos =* 2) = 0 
; P 4 
sin 27 
PSI" P + pp 
P 
Here cos Pag = COS P E m 
P E P 
d sin 277 = — sin 27 
an P a p l P mE p i 
Substituting these values, the equation can be reduced to 
Arm Po (2) 
Anim) Pp 


That is, the ratio of the amplitudes of the ampere- 
conductors must be the same as the ratio of the pairs 
of poles, and in all that follows we shall assume this 
to be the case. 

If Am denote the sum of the two amplitudes A p(m) 
and Ap(m) equation (2) can be written 


Am and Apm = m + (2a) 


P p 
== eu ee 

A pm) P+p P+p 
Substituting these values in (1), the equation for the 


resultant distribution curve becomes 


P P 

AS . (3) 
i 2 
sin ( 5 7) 


Substituting P/p = 2, P/(P + p) = 3 and p/(P + p) = 3 
in this expression, we obtain 


2 sin 2p8 — 4 sin pĝ 
sin ¿27 
2 


ees Ams 73 sin 2p8 — sin pĝ) 
27 271 


where pf varies from 0 to p Pip 3 


The positive and negative areas in (c), Fig. 13, being 
equal, the total copper area of one element will correspond 
to Ay ampere-conductors, being 4 times the ampere-con- 
ductors represented by one extreme area. Thus 


A= An 


y A p(m) 9 
Ay=4| AdB=4 (1—cos P6) 
0 Psi ( 2ar 
AP +P 
Apm) 
+ (1—cos p0) 
psin( =" —2m 
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where @ is the angle corresponding to the point where 
the curve and the abscissz intersect. Substituting the 
values obtained from (3), the formula can be reduced to 


4A m 


1. (cos PO — cos p0) . (4) 
(P + p) sin (5 z A 


Ay = 


In equation (3) for the distribution curve, @ is the 
special value of B which makes A = 0, and is therefore 
given by the equation 


Pes, 
Px sin ake TR ca 
Am =0 
sin ( a 2m) 
P+p 
or 
P sin P — psin pp =0 . . . (5) 


If an infinite number of phases produce the same 
rotating current with P pairs of poles, the required 
ampere-conductors in the distance 277/(P + p) will be 

271 P 271 
Ayp = Arma = Am 
m= trip Pp "P+p 

For p pairs of poles the corresponding number of 
ampere-conductors will be 
27 p 277 
Ay, = Ántimi=— = An 

PPP +p Pp ™P +p 


The breadth factors of the element with respect to the 
two rotating currents will therefore be 


oP 271 
A yp P+p "P+p 
sá =p (cos PO— cos pô) 
(P+) sin Py 27 
OOP m “Pip” 
—P+p 2 cos PÎ—cosph ` (6) 
A 
and ya Re K 


“Aw? P 


It will be noted that the ratio of the two breadth 
factors is equal to the ratio of the corresponding pairs of 
poles. 

In the case shown in Fig. 13 we have P/p = 2. By 
substituting this value in (5) we get 


2 sin 290 — sin p = 0 
and it follows that 
cos pg = and cos PÓ = cos 290 = — 4 


corresponding to p0 = 75°30. The breadth factors 


become 


and 


K, = SK, = $ x 0:806 = 0-403 


Case (2).—Plp = 3. 


We have 

P Pip p 3 l 
E m E d P AA 

P+p 1+ (P) 4 P+p 4° 4 


To construct the distribution curve corresponding to 
P and p pairs of poles we only need to know the exten- 
sion of the sine wave, compared with the extension of 
the element in the two cases. In the present case these 
ratios become f 

n|P 1 2 


[see (a), Fig. 15] 


nip 1 


a 
[see (b), Fig. 15] 


As far as the magnitudes of Apm) and Apm) are 
concerned, the resultant curve only depends upon the 


Fic. 15. 


ratio Ap(m/Aptmy if the scale of ordinates is ignored. 
If every element is wound separately, as we have 
assumed, this ratio is fixed by equation (2), making 


Arm P 3 
Apm) P 


The resultant curve can, of course, also be constructed 
from the relevant equation (3). 

In a similar way to that shown in case (1) we obtain 
pO = 54°45’, and on substituting this value in (6) the 
breadth factors become 

0-764 


Kp = 0-764 and K,=——= 0-255 
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Case (3).—P/p = 3, corresponding to P/(P + p) =? In this case equation (3) becomes 
ee + p) = §. P A 
e have in PB — 
MP2 le _ 8 POOP Ei E T 
2mN(P +p) 8 2nf(P +p) 4 Ea "0 
PFP 


and the usual distribution curves will be as shown in 
Fig. 16. 
In this case we obtain the following values :— 


p0=9210'; K,=0-782; and K,=3 x 0:782=0-521. 


THE INFLUENCE OF THE RATIO P/p ON THE SHAPE 
OF THE A CURVE. 


Comparing the resultant curves (c), in Figs. 13, 15 
and 16, on the basis of the same Ay, = Áp(m) + Áp(m) 


° Fic. 16. 


and the same width of element 2 x 27/(P + p), it will 
be observed that the curves do not differ widely, although 
Pip is 2, 3 and 3 respectively in the three cases. If, 


for instance, we calculate the ratio ——-———— corre- 
27/(P + p) 
sponding to the point A = 0, we obtain Table 2. 
TABLE 2. 
P 3 
5 7 2 3 
0 pg 0-64 | 0-63 | 0-60 


INP +p) 2mp[(P + p) 


In order to determine the influence of P/p we shall 
plot the A curve in the case of P/p having the lowest 
possible value, that is, P/p = 1, corresponding to 
PIP + p) = pN(P + p) = 4. 


By differentiating the numerator and denominator 
with respect to P/(P + p) and substituting P/(P + p) 
= 4 in the result, we finally obtain 


ae —4f cos 18 — sin 48 
M 


The corresponding A curve is shown in Fig. 18 and is 
marked Plp = 1. 

If Pp is infinite we obtain p = 0 and Ap(m) = 0, and 
there is only. one rotating current with P pairs of poles. 
The A curve can be obtained by substituting p = 0 in 
(a), Fig. 16. The distance7r/P is then half of the distance 
27/[(P + p), and the result will be as shown in Fig. 17, 
it being remembered that the amplitude of the sine 
curve is infinite for a finite value of A. 

In addition to being infinite the A curve will differ 
from the preceding curves in having a dip in the middle. 
Such a dip will occur for all values of P/p which at 
the point B = 27/(P + p) make dA/dB negative. By 
differentiating (3) and substituting B = 27/(P + p) in 
the result, we obtain 

i 2m) 
P 


E = 4255 — 1) cot (z = 


and from this expression we can draw up Table 3. 


TABLE 3. 
£ 1>3 3 330 
p 
en Positive 0 Negative 
dB e 


It will be observed that P/p = 3 (the case dealt with 
in Fig. 15) is the greatest value of P/p for which no 
dip occurs in the middle of the A curve. 

In Fig. 18 the A curve corresponding to this upper 
value of P/p is plotted, together with the curve corre- 
sponding to the minimum value of P/p, that is 
Plp = 1. In the interval le P/p<3 the distribution 
curve always lies within the hatched area and can 
therefore be regarded as being approximately independent 
of the ratio P/p. 

Let us now imagine a winding adapted for values of 
P=4 and p= 3. The numbers of elements must 
then be P + p = 7, and the bars of any element must 
be distributed according to the A curve corresponding 
to P/p = 4/3. If the winding is adapted for P = 5 
and p = 2, the number of elements will still be 7, but 
the distribution of the bars must correspond to 
P{p = 5/2. Owing, however, to the fact that in either 
case 1<P/p<3, the two A curves will be within the 
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hatched area in Fig. 18 and cannot differ widely from 
each other. 

Consequently the same winding can be used for both 
the combinations P= 4, p= 3, and P = 5, p= 2. 
The phase difference between the currents in adjacent 
elements in the first case must, however, be 


27 360° 
P+p P 7 = 
and in the second case 
27 360° 
— p = —— x 2 103° 
P +p 7 7 â 


This corresponds to Mr. Creedy’s rule, that the rotor 
winding of a cascade motor can be applied to all com- 


2% 
Fic. 17. 


binations of fields where the sum of the two numbers of 
poles is the same. It follows that the rule is only 
applicable when the variation of the ratio P/p is limited. 


GENERATION OF THE CURRENTS IN THE ELEMENTS. 


If we assume that all elements are short-circuited 
independently of each other, it is clear that a rotary 
field having the same number of poles and the same 
speed as one of the two rotating currents will induce 


in each element a current of the required frequency 
and phase. If, therefore, a field due to P pairs of 
poles cuts a winding with M elements, the induced 
currents will correspond to two rotating currents, one 
of which will tend to neutralize the field and will there- 
fore have the same number of poles and the same 
speed as the field, and another having p= M — P 
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pairs of poles travelling in the opposite direction at 
Plp times the speed. 

If the field corresponding to the last current induces 
in each element the same e.m.f. as the primary field, 
the product of maximum flux density, speed and 
breadth factor in the two cases must be equal. Hence 


P 


where Bp and B, are the maximum flux densities cor- 
responding to the fields for P and p pairs of poles 
respectively. | 

In-the case of a winding in which each element can 
be wound separately, we have Kp/K, = Plp, and 
substituting this value in the above formula we obtain 


CONSTRUCTION OF THE ELEMENT IN PRACTICE. 


In practice the elements of a winding consist of a 
finite namber'of bars distributed in a fixed number of 


slots. In this case the best approximation to the 
ideal condition is obtained when the number of bars in 
each slot is as nearly as possible proportional to the 
corresponding ordinate of the A curve. The con- 
struction clearly depends upon the number of slots per 
element and whether a slot or a tooth is situated in the 
middle of the A curve. 

Fig. 19 shows how we can arrive at one of the most 
convenient types of elements. The extreme bars are 
marked with a cross and the middle bars with a dot, 
to indicate that the currents are flowing in opposite 
directions. The A curve corresponds to P/p = 2 and 
is approximately the mean of the curves in the interval 
1<P/p<3. The heavy ordinates represent the total 
current in each slot and therefore indicate the degree of 
correspondence between the winding and the A curve. 

If a tooth instead of a slot is placed in the middle, 
the number of slots per element remaining the same, 
we shall obtain another convenient type of element, as 
shown in Fig. 20. This figure also indicates the positions 
of the neighbouring bars, the small squares and triangles 
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representing the elements to the left and to the right, 
respectively. 

As Mr. Hunt has stated,* his “ star-mesh ” winding 
can also be considered to be built up of elements. It 
is only necessary to bear in mind that two bars belonging 
to different elements can be replaced by one single bar 


Trc. 20. 


carrying a current which is the resultant of the currents 
in the elements. 

For instance, the star-mesh winding in Fig. 21 con- 
sists of three such elements. This is made clear by 
marking each star-connected bar with a combination of 
the respective signs of the two bars. 

It will be seen that by connecting the bars in this 
manner two bars per element are saved. On the other 


hand, the section of the star-connected bars must be 
increased in the ratio (star current)/(mesh current) if 
the current density is to remain the same. 


COPPER USED IN THE STAR-MESH CONNECTION. 


In order to arrive at a general formula for the saving 
of copper due to the adoption of the star-mesh con- 
struction, let us return to the ideal case where the 
distribution of the ampere-conductors is continuous. 

In Fig. 22 the area X with the vertical lines repre- 
sents the number of bars carrying the current J, of the 
element in the middle, whilst the area Y with the 
horizontal lines represents the number of bars carrying 

e Journal 1.E.E., 1921, vol. 59, p. 534, 
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a current J, 9 the resultant of J, and — J,, where J, is 


the current in the element to the right. From the 
vector diagram in Fig. 22 it follows that 

27 Po r 
Iı g=J/,2 cos (53P-7)=1 2 cos ( 2) (7 
102008 Hp Cc \P+p 2 


Thus the section of the Y bars must be 


times the section of the X bars, and consequently the 
star-mesh construction will reduce the weight of copper 


by a factor 
P—p z) 
X+Y .— 
+ cos (S 3 


$ X+Y 


=1- [10 (52D zF 


\ EYA 
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o pa 
A ai = 
ho 
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-Z 
2 i 2 
+p 
| a 
de 27 
P+p . 
Fic. 22. 


Referring to Fig. 22, we obtain 
Y Qnf(P +p)7Y 
> JadB— (408 
0 0 


ewww OT SSS ss eee eee 
—— 


X+Y 0 
r [aap 
0 


where the angles y and @ are given by the equations 
271 
AB = y] + A = — = 0 
[$ = y] E Pip y] 
AB =0] =0 


Substituting in the above formulz the value of A obtained 
from equation (3), we finally obtain 


and 


Pay AL — Sj Me ees 1 P 
k=1 (a sin Paz") 2 sin Pip 
. TT ; TT 
sin os )- sin Aer E a 
| cos PO — cos pô 
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where 


P cos P( =" — — y) — pcosp( pim —y) =0. (9) 


P sin PO — p sin pô = 0 


P+p 
and from (5), 


If, for instance, P/p = 2, corresponding to P/(P + p)= $ 
and p/(P + p) = 4, we obtain 


T 
— — COS — ) = 
p y) ý (z +p ” 
2 sin 299 — sin pf? = 0 
It follows that 


2 cos 2p( 7 2 


T 
ls P ») d 


Substituting these values in (8) we obtain 


k=1- € — sin) 2sin 5 


sin (2 x 32° 30’) — sin 32° 30’ l 
cos (2 x 75°30’) — cos 75° 30’ a | eee 


From this it will be seen that k depends solely upon the 
ratio P/p, and the relation will be as shown by curve 
le in Fig. 23. 

In the same figure is also plotted the curve showing 
the breadth factor Kp obtained from formula (6). 

Let us assume a winding which produces only one 
rotating current with P pairs of poles and which is 
adapted to an infinite number of phases, the weight of 
copper being taken to be unity. Then Kp is the inverse 


LUND: A NEW METHOD OF DEALING WITH ROTOR WINDINGS. 


value of the copper weight of the 2-current winding 
with the same P current when the elements are inde- 
pendently short-circuited. If the star-mesh construction 
is applied, the weight of copper is reduced by a factor 
k, and consequently its inverse value will increase from 
K to Kjk. With three phases the breadth factor of the 
1-current winding will be 0-908 instead of 1 (see Table 
1), and the inverse value of the weight of copper in 


ee] K pli 


3 
Values of 1%) 
Fic. 23. 


this case will therefore decrease from 1 to 0-908. From 
the position of the dotted abscissa 0-908 in relation to 
the curve K/k we can conclude that a 2-current winding 
(with P/p>2) will require about the same amount of 
copper as an ordinary winding arranged to produce the 
same P current. In other words, we have only obtained 
the second current corresponding to p pairs of poles by 
replacing the copper which is A to produce the 
P current. 
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ON 


“SHEATH LOSSES IN SINGLE-CORE CABLES FOR THREE-PHASE TRANSMISSION.” * 


Mr. D. M. Simons (communicated) : I am glad to see 
that this question is being given further study. The 
difference between Prof. Cramp’s formula for sheath 
loss and those of other investigators is so great that it 
seems necessary to discuss the question thoroughly until 
all are in agreement. Mr. Riley’s results are very 
striking and he has given some practical data which 
should be useful in actual calculations. I should like 
to contribute one detail, pointing out that his results 
could have been even more favourable than shown. 
Mr. Riley gives the formula used by Capdeville and others 
for mutual inductance, and points out that for the case 
of two single-core cables the sheath inductive effects 
calculated by this formula check very closely with 
measured values. He then uses a simplified formula 
for mutual inductance by dropping Capdeville’s first 
two terms. He shows in Fig. 1 that the abbreviated 
formula is in error, falling between the true curve and 
that calculated by Prof. Cramp’s formula. I should 
like to point out that there is a very simple abbreviated 
formula due to Atkinson f that is practically identical 
in its results with the full formula. If Mr. Riley would 
use in his simplified formula the average of the outer and 
inner radii of the sheath instead of the outer sheath 
radius, this formula would be found to agree almost 
exactly, often to within 1/100th of 1 per cent, with the 
full formula throughout the range of practical cables, 
and it avoids the more complicated calculations of the 
full formula. The formula I would suggest is 


zo henrys per loop mile 


the symbols being the same as those used by Mr. Riley. 
This change might eliminate the remaining differences 
shown by Mr. Riley in his Figs. 5, 6 and 7, though I 
have not had the data to check this point. 

Mr. J. K. Webb (communicated): Following the 
discussion on the practical value of the logarithmic 
term in sheath-loss formule, it should be noted that 
when log (d/r) is employed the flux is integrated from 
the mean radius of one sheath to the axis of the other 
sheath. The term “log [(d — r)/r]’’ assumes that the 
integration is only carried out from the mean radius of 
one sheath to the mean radius of the other, any flux 
tending to pass beyond this boundary being damped 
practically out of existence by the reaction of the eddies 
which it induces. This effect is somewhat analogous to 
the damping effect in the plates of transformers as the 
flux penetrates towards the centre of the plate, and it 
is quite considerable even in transformer plates of 
1 mm thickness. Some diagrams are given in Russell’s 
“ Alternating Currents,” | where the following formula 

* Paper by Mr. T. N, Riley (see vol. 65, p. 1006 


). 
1 Transaitions of the American I.E.E., 1912, vol. 31, p. 806. 
Vol. 1, chap. xx (2nd edition). 


is given for calculating the value of H at the centre of 
the plate :— 
Hov2 


(cosh 2pa + cos 2pa)t 

where H, = amplitude of H at the centre, 
Hy = surface value of H, 
2a = thickness of plate, 


p= 2m, j, 


e = 


and u being the permeability, f the 


ao” and p the specific resistance 
in C.G.S. units. 


We might apply this formula to the case of a lead 
plate of thickness about equal to the diameter of a 
cable, say 2 in., and determine the proportional 
reduction of H at the centre of the plate. In this case 


1 x 50 
P ml 


a = 2:54cm 
cosh (2pa) = 2- 4845 
cos (2pa) = 0:0108 
y2.Hp 
~ 1/2:4953 -4953 


From these considerations, the screening effect due 
to a lead sheath might be expected to be only very 
slight, and this was confirmed by the test now to 
be described. A length of cable was supported on 
wooden trestles and was supplied with alternating current 
so that an alternating field was produced circumferential 
about the axis of the cable. A search coil was made up 
of 2 000 turns of No. 40 S.W.G. covered wire wound on a 
wooden former, enclosing an area = 25 x 3 cm?, the 
coil being tapped at each 500 turns. The e.m.f. induced 
when the coil was placed at various distances (d) from 
the cable was then measured by means of a Moullin 
(valve type) voltmeter [see Fig. A(a)]. The coil was 


Lead sheath 


Search coil 
(a) (5) 


Fic. A. 


then placed at the centre of a fairly long length of lead 
sheath, as in Fig. A(b), and the e.m.f. induced was again 
determined at various distances from the cable. To avoid 
end effect, several turns of thick copper wire were 
bound round the ends and sweated into the lead with 
solder. The currentin the cable was maintained constant 
at a value of 332 amperes. Different diameters and 


238 DISCUSSION 


ON “SHEATH LOSSES IN 


lengths of sheath were tested, but the results were 
substantially the same and were as follows :— 


eee Number of turns wih oT ri a with cai pr 
[Fig. A (a)] [Fig. A (0) 
cm volts volts 
8 500 0:945 0:915 
12 1 000 1-275 1-26 
24 2 000 1-215 1-205 


This confirms that the reaction of the eddies on the 
exciting flux is but slight, and that the integration of 
the flux should be to the axis of the second cable, 
in which case the logarithmic term is of the form 
log (dfr). 

Messrs. S. Whitehead and P. D. Morgan (communi- 
cated) : The author does not state under what conditions 
the sheath bonds were earthed. In flat spacing without 
transposition, if the sheath bonds are not earthed or 
earthed at only one point, then, owing to the slight 
voltage induced, as pointed out by Dwight,* the sheath 
losses will be different from those where there is an 
earth return, i.e. where the sheath bonds are earthed 
at two or more places. Since the author makes no 
mention of earth currents and assumes the vector sum 
of the sheath currents to be zero, it is clear that his 
results are intended to apply where there is no earth 
return. This is a case, however, for which a rigid solu- 
tion has been given by Dwight (loc. cit.), and it is conse- 
quently difficult to seein what way the author’s admit- 
tedly non-rigid treatment is an advance on what has 
already been done. Another method of dealing with the 
above problem, to which the author does not refer, but 
in which fewer assumptions are made than in his method, 
is that put forward by a number of Dutch engineers. 
By their method the conclusion is reached that the 
losses in the two outer sheaths are not equal, whereas 
Dwight calculates them as equal, and we should like to 
ask the author whether he has encountered this problem 
in his tests. If the cables are transposed to the extent 
of a complete turn of the “lay ” between bonds, then, 
neglecting dielectric losses, it is probable that the sheath 
losses will be unaffected whether the system is earthed 
at one bond or more, as the e.m.f.’s induced in the three 
sheaths will now be equal on a balanced three-phase 
system. Under practical conditions, the sheaths may 
be earthed at each junction, as was done in the case of 
the system described by Mercier + (where each joint 
box was earthed to a copper tube 50 mm diameter and 
1 metre long), and the magnitude of the earth currents 
which will flow under given conditions will then be 
affected by the relative impedances of the two paths in 
parallel, namely, the path via the earth plates and that 
via the cable sheaths. We should therefore like to know 
whether the author has made any tests to determine 
the effect of an earth return on the sheath losses in flat 
spacing with bonded sheaths but without transposi- 
tion, as we have found no published data on this most 
important question. 

* H. B. Dwicnt: Electric Journal, 1924, vol. 21, p. 62. 


t Report of Central Bureau of Directors of Electrical Works of Holland; 1926. 
t E. Mercizr: Journal 1,E.E., 1927, vol. 65, p. 499. 


Dealing with the author's treatment in detail, we are 
not quite clear as to the derivation of the equations 


és1 = tscZo = ig AZo» etc. 


The author has apparently applied Kirchhoff’s second 
law to the linked circuit of the sheaths, assuming that 
€s}, etc., are the e.m.f.’s associated with the total 
currents in these circuits. From the treatment at the 
beginning of the paper, one would be inclined to think 
that these e.m.f.’s (egı, etc.) should more consistently be 
associated with partial sheath currents, 7s, etc., so that 


es; = 25,%p 


€s2 = is2[Zo + Zm) 
és3 = is3(Zo + Zm) 

The total sheath currents would then be given by 
2es2%o — esı(Zo + Zm) 
2Z0 (Zo + Zm) 

isg = isg — tgq = (es3 — es2)/ (Zo + Zm) 


esı(Zo + Zm) — 2es3Za 
2Zo[Zo + Zm) 


isa = isa — isı = 


isc = 481 — is3 = 


and tga + tsp + isc = 0 


From the author’s equations for eg, etc., 
esı + €32 + €s3 = 0, 


but e€es¡, etc., can be independently calculated from 
inductive effects and we should obtain in the general case 


es, + ese + es3 = LI: (Mr, 1 + Mr 2 + Mr, 3) 
+ In(Mn 1 + Mir 2 + Mu, s) 
+ Lini(Min 1 + Mirra + Mart, 3) 


where M]y;, 3, etc., represent the mutual inductances of 
core IJ upon the author's sheath circuit (3), etc. Now 
the coefficients of F7, Irz, I;77, are not necessarily equal, 
e.g. if the thickness of one sheath differed somewhat 
from the others its partial linkages with its own core 
would be different from the partial linkages of other 
sheaths with their cores. Therefore, since 


Ir + Irn + Ilr = 9 


esi + €sa + €s3 is zero when the coefficients are equal, 
but otherwise it is not necessarily zero. Thus the author 
first finds that, for the case with which he deals, 


€s1 + es2 + esz = 0 
and then uses equations containing eg), etc., such that 
esı + ese + €sg = 0 


There appears to be some slight inconsistency here 
unless the equations es; = tscZo — is4Zo etc., are not 
considered to be deduced from general electrical theory. 
The author also neglects the effect of partial linkages of 
the core flux with its own sheath, on the grounds that, 
quoting Capdeville’s formula, this effect is negligible. 
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These partial linkages have other effects besides that 
included in Capdeville’s formula, but, even if these are 
neglected, the error involved at small spacings is appreci- 
able in some actual cases in recent years, e.g. in the 
-60-kV cable quoted by Mercier, the difference between 
Capdeville's formula and the author's approximate 
formula is about 6-5 per cent, and is also appreciable 
in the case of some cables used in Holland.* Further, 
the effect of non-uniform distribution of the currents 
in the cores of the sheaths is neglected by the author. 
This effect is probably small in the majority of cases. 
In the Dutch Report of 1921 j the effect of non-uniform 
current distribution has been neglected, but the partial 
linkages due to finite sheath thickness have been included; 
Dwight, on the other hand, includes the former, but 
neglects the latter. The inductive effects of the sheaths 
upon one another has also been neglected by the author. 
Some calculations by the present writers indicate that 
in certain fairly representative cases these effects may be 
appreciable compared with other factors. The points in 
the author’s calculation to which we have drawn atten- 
tion account no doubt for some of the discrepancy 
between his calculated and observed results, the latter 
being only about 56 per cent of the former for the middle 
cable to which he refers in Fig. 5. Considerable atten- 
tion is being paid by the Electrical Research Association 
to the problem of the resistance and reactance of a 
three-phase system of single-core unarmoured cables, 
together with the other factors determining the operating 
characteristics and losses in connection with the proposed 
high-tension “ grid ” system, and it is hoped that 
experimental investigations will be put in hand to settle 
some of the outstanding difficulties. 

Mr. T. N. Riley (in reply): With regard to Mr. 
Simons's suggestion that the mean sheath radius should 
be used instead of the outer radius, while this gives a 
slightly closer approximation to the e.m.f. induced in 
the sheath, it does not give so close an approximation 
to the actual losses, since to ignore the sheath inductance 
when estimating the current results in calculated total 
losses rather higher than those measured. The expres- 
sion in the paper has therefore been preferred. 

Mr. Webb’s communication is of considerable interest, 
as it is the first published experimental evidence that 
the basis of Prof. Cramp’s formule for sheath losses is 
unsound. | 

In reply to Messrs. Whitehead and Morgan, the tests 
quoted in the paper wére made with equal core currents 
and with the sheaths bonded together but not earthed. 
Dwight's solution, to which they refer, is rigid only so 
far as the initial data are rigid. In practice there will 
be variations in sheath dimensions owing to manufac- 
turing tolerances, also variations in the operating 
temperature of the sheath, and variations in the exact 
spacing on which calculations are based. From a 
practical point of view, therefore, an approximate 
solution may be as close to the actual value as one 
obtained by the most rigid mathematical methods. 
Dwight’s solutions are, moreover, exceedingly laborious 
to evaluate. Even his approximate formule, one of 
which may be quoted here by way of illustration, are 


* Loc. cit. 
+ Report of Central Bureau of Directors of Electrical Works of Holland, 1921. 


by no means simple. He gives for the loss in the outer 
sheath of a three-phase system with flat spacing 


Loss in sheath of outside cable 
Loss in conductor at zero frequency 

A jwet (, 5% Zo ss E  28yy 
A (aes 3 3 =e 3 2 

z 6 ES logh 2+€' 3 logh ake logh 1] 

Reference can be made to the original paper for the 
meaning of the symbols. By way of contrast, the losses 
in any practical case can be estimated in a few minutes 
with the help of a slide rule and Figs. 7 and 8 of the 
paper. As the sheaths were bonded and not earthed, 


the equations 


és, = tscZo = tgsZ0» etc. 


are correctly derived from Kirchhoff’s second law, which 
deals with the total e.m.f. round any loop and the total 
current in each conductor forming that loop. The 
alternative treatment of partial currents suggested by 


‘Messrs. Whitehead and Morgan is not in accordance 


with Kirchhoff’s second law, and gives results 50 per cent 
too high. No tests have been made with the bonds 
earthed, and such tests are liable to be extremely unreli- 
able unless conducted on full factory lengths of cable 
actually buried in the ground. A fourth cable to 
imitate an earth return will have induced in it an e.m.f. 
which will vary according to its position in relation to 
the three main conductors. In general, with an earth 
of the type used by Colonel Mercier, the earth resistance 
will be of the order of a few ohms, while the resistance of 


the sheath of a factory length of cable between joints 


will be of the order of 0-1 ohm. An earth added to 
sheaths already well bonded will probably affect the 
losses to a very smallextent. Ifeach cable joint is earthed 
without direct bonding from cable to cable, the earths 
probably act as a high-resistance bond which reduces 
the circulating currents and losses without allowing a 
harmful rise of potential. A certain percentage error 
in the determination of lead-sheath losses may or may 
not be of practical importance, according to the ratio 
which the sheath loss bears to the copper loss. If the 
sheath loss is 10 per cent of the copper loss, an error of 
10 per cent in the estimation of the sheath loss makes 
a difference of less than I per cent to the carrying capacity 
of the cable and is of small moment, particularly if this 
carrying capacity is itself based on a dielectric resistivity 
of 550 (the compromise figure recommended in the 
E.R.A. Report) which may easily be 25 per cent higher 
than the value in a well-made cable. For this reason 
the fact, that the calculated losses in the centre sheath 
with flat spacing referred to in Fig. 5 are only about 
7 per cent instead of the observed value of 11 per cent 
of the total sheath losses, with the minimum spacing, 
is of secondary importance. In this case 4 per cent of 
the total sheath losses happens to be only } per cent of 
the total copper losses. To refer to the calculated value 
as being only 56 per cent of the measured value, although 
accurate, is misleading. The experimental difficulties 
in the accurate measurement of sheath losses are very 
considerable, and two of my assistants, Messrs. Brock- 
bank and Webb, have done valuable work in overcoming 
them, an account of which may be published ata later date. 
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ROTATING-LOOP RADIO TRANSMITTERS, AND THEIR APPLICATION TO 


DIRECTION-FINDING AND 


NAVIGATION. 


By T. H. GILL and N. F. S. HECHT, Member. 


(Paper first received Sth December, and in final form 16th December, 1927 ; ina before the WIRELESS SECTION 
4th January, 1928.) 


SUMMARY. 


This paper relates to loop radio transmitters for direction- 
finding or navigation purposes, and particularly to a method 
of directional transmission which has been developed by the 
Air Ministry at the Instrument Design Establishment, Biggin 
Hill, Kent, and later at the Royal Aircraft Establishment, 
Farnborough, Hampshire. The chief object of the method 
is to eliminate direction-finding equipment and to reduce 
operational difficulties in the aircraft. The method is one 
in which a characteristic of the radiation is “‘ timed ” by 


means of a chronograph, the time interval between a Morse’. 


signal and the characteristic indicating the bearing. A loop 
aerial is employed and the electromagnetic energy radiated 
from the loop is a maximum in one direction and a minimum 
in another. The loop rotates in azimuth at a speed of 1 
revolution per minute and is made to send out a continuous 
signal. This signal is interrupted when the line of minimum 
radiation is in the true North direction, and a special Morse 
signal is transmitted at that moment to enable an observer 
to start a chronograph. The observer notes the time interval 
between “ North signal ” and the instant at which he per- 
ceives minimum radiation, thus obtaining his béaring from 
` the beacon. 

The paper describes the various stages in the development 
of the beacon and refers to certain difficulties encountered 
and how they were met. 

An appendix gives typical results obtained from tests on 
the ground and in aircraft during experimental trials. 

From the results obtained, it is considered that bearings 
can be determined with an accuracy at least equal to that of 
any other wireless system of direction-finding. The work 
of the authors has been more particularly in connection with 
the use of the rotating-loop system for the navigation of 
aircraft, and for ranges up to about 200 miles the results 
show that bearings can be determined with such accuracy 
as is required for the purposes of aerial navigation. 

The investigations as to its use on ships is a matter which 
the Radio Research Board have undertaken. . i 


INTRODUCTION. 


The use of wireless telegraphy as an aid to navigation 
is already well known and the various methods of appli- 
cation can be classified under two headings :— 


(i) Directional reception ; 
(ii) Directional transmission, 


Under the first heading are included those systems in 
which the receiving apparatus is capable of being used 
for ascertaining the direction of the radiation in a very 
small portion of the wave front. This is done by rotating 
the whole or part of the apparatus until some special 
peculiar characteristic is observed from which the direc- 
tion of the transmitting station can be deduced. The 


directive properties are in the receiving system, and 
bearings of ordinary non-directional transmitting stations 
can be obtained. 

In many cases the ships or aircraft are each fitted with 
a directional receiver and the observers compute their 
bearings, whilst where a craft is not so fitted the direc- 
tional reception is performed at a direction-finding 
station, bearings of the craft being ascertained from its 
transmissions and communicated.to the craft. 

The second heading comprises those systems in which 
the directive properties are wholly in the transmitter 
and which do not require the use in the craft of installa- 
tions having directional properties, the bearings being 
determined by using the ordinary wireless receiving 
gear alone or with the addition of some simple accessory 
such as a stop-watch. A system which can be used with 


.normal wireless receiving equipment effects a saving in. 


weight and bulk, and this is of great importance in the 
case of aircraft, especially if operational difficulties are 
also reduced. The present paper relates to a system of 
the latter character in which a rotating loop is employed. 
for transmission. 

In order to obtain information with regard to the 
performance of directional transmitters and their 
possible application to the navigation of aircraft, the 
Air Ministry has carried out a large amount of experi- 
mental and development work. The object was to 
devise a directional wireless transmitter:which would be : 
simple in operation and capable of giving accuracy at 
least equal to that obtainable by other methods of 
wireless direction-finding. Various methods were con- 
sidered and tried by the Air Ministry, but only one is 
at present in use. 

Those methods were investigated which, at the time, 
appeared to have particular application to aircraft, and. 
this paper gives an account of some of the work which 
has led up to the ultimate production of the system 
known as the R.A.F, rotating-loop transmitter. Such 
a beacon if satisfactory for aircraft navigation would be, 
equally useful for ships, where much easier conditions 
of working are usually encountered. 

Among the advantages of the rotating-loop system, 
some of which are common to other systems, are the 
following :— 

(a) No special receiving apparatus is required and 
any ordinary receiving set can be employed, provided 
that it is suitable for the wave-length and type of 
transmission. 

(b) The observations are simple to make and operators 


do not require even to be very skilled in reading the. 


Morse code. a 
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(c) The characteristic to be observed is usually well 
defined and, with a little practice, can be read to a small 
fraction of a second of time, thus PARRE reasonable 
accuracy to be obtained. 

(d) No quadrantal error arises and no corrections of 
the bearings are required. 

(e) The navigator of the craft can himself receive 
the signal from which he determines the bearing, and 
this determination can be made very rapidly. The onus 
for accuracy lies with the navigator. 

(f) The only additional apparatus required is a reliable 
stop-watch or chronograph. 

(g) Any number of craft can use the system simul- 
taneously. 

(h) The directional transmitters or beacon stations 
could be made to operate automatically and are simple 
to maintain in operation. 


BRIEF DESCRIPTIONS OF SOME OF THE METHODS 
INVESTIGATED. 


(1) Bellini-Tosi transmission—Two loop aerials or 
antenne are arranged with their lines of maximum 
radiation at right angles to each other. The aerials are 
inductively coupled, by means of two coils at right angles 
to each other, to a primary coil energized by the trans- 
mitter, the arrangements for varying the couplings being 
similar to those in the well-known radiogoniometer used 
in the Bellini-Tosi receiver in which the coupling coil 
can be rotated to produce the well-known figure-of-eight 
radiation diagram. 

Determination of bearings can be obtained by a timing 
method. In the experiments with this system, the 
coupling coil was rotated uniformly at a speed of 1 revolu- 
tion per minute and a distinctive signal was sent out 
when the line of minimum radiation was due North and 
South. Thus an observer could determine his bearing 
from the transmitter by noting the time interval between 
the distinctive signal and minimum signal strength. 
For example, suppose that the time interval between the 
North signal and minimum signal strength is 12 seconds, 
then the bearing is '12/60ths of 360°, i.e. 72°. 

A modification of the system consists of a radio- 
goniometer having: two coupling coils fixed to one 
another at a definite angle. The two coupling coils are 
alternatively switched into circuit at frequent intervals 
during rotation, and the effect is the production of a 
steady signal when the line bisecting the angle between 
the coupling coils is in line with the receiving station. 
The indication is fairly well defined, but there is intro- 
duced an ambiguity of 90° as there are four positions of 
equal signals in one complete revolution. 

It was found that reliable bearings could not always 
be obtained at the same test points and, upon investiga- 
tion, it was noticed that balance between the two aerials 
was not being correctly maintained. For instance, one 
limb of the antennz system was liable to change its 
wave-length owing to a change in climatic conditions, 
there being as much as 20 m difference in 1 500 m when 
heavy rain fell after a dry period. 

Not only did the antennz alter their wave-lengths 
from day to day, but the whole system was found to 
change its wave-length to the extent of 80 m in 1 500 m 
during rotation of the coupling coil, This was ultimately 


traced to the varying capacity and mutual inductance 
between the coupling coil and the coils in the antennz. 
To reduce this effect to a satisfactory value would have 
meant reducing the coupling to such an extent as to 
render the system inefficient. 

Various designs of radiogoniometers were suggested 
and tried, including one in which two toroidal coils 
were employed. The toroidal-coil method of coupling 


` gave better results, but the faults, although reduced, 


could not be entirely eliminated. In the course of 


_ experiments with a radiogoniometer consisting of coils 


of somewhat large dimensions (about 6 ft. square) it 
was noticed that there was some effect which had not 
been observed when small coils were used, and, on dis- 
connecting the aerials from the coils and using the latter 
as a radiating system, there was evidence of an appreci- 
able amount of energy radiated from the coils themselves. 

In view of the difficulties experienced and the fact 
that there was a possibility of radiating sufficient energy 


from a single-loop aerial, the experiments with the 
Bellini-Tosi system were discontinued. 

(2) Variable wave-length —Another method which was 
tried, and may conveniently be referred to here, was the 
“variable wave-length ” method. This was described 
in detail in a paper read before the Institution in 1922 
by J. Erskine Murray and J. Robinson.* 

Investigations of this method did not go beyond the 
laboratory stage, as it was found to be impossible of 
application.. 


R.A.F. RoTATING-LooP TRANSMITTER. 


(a) General principles.—With a loop used as a trans- 
mitter, maximum energy is radiated in the plane of the 
loop and minimum at right angles. If a curve be plotted 
with polar co-ordinates showing the signal strength 
received at all’ points round the circumference of a 
circle having the loop transmitter at its centre, a figure- 


‘ of-eight curve, as shown in Fig. 1, is obtained, the field 


strength at any point on the circumference of the circle 
being proportional to the radius vector of the figure-of- 
eight curve, 

_ It will be seen that if the loop be rotated in azimuth, 
an observer at any point on the circumference will 
receive a signal which has two maxima and two minima 
in every revolution of the loop. Suppose that the loop 


e ““Directional Transmission of Electromagnetic Waves for Navigational 
Purposes,” Journal I.E.E., 1922, vol, 60, p. 862, 
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is rotated uniformly at a speed of 1 revolution in 60 
seconds and a distinctive indicating signal is sent out 
when the plane of the loop lies on a North-South line. 
If the observer can obtain the time interval between the 
North-South indication and the moment when he 


receives either maximum or minimum signals he knows 


at once his bearing with respect to the loop. It is 
preferable to use the minimum signal because the 
indication is very sharply defined, whereas the position 
of maximum signal cannot be observed with sufficient 
accuracy. The speed of rotation being 1 r.p.m., the 
time interval in seconds multiplied by 6 is the bearing 
in degrees. A chronograph could be used having a dial 
divided into 360° and a pointer rotating at the same speed 
as the loop, in which case no calculation would be 
necessary, as the bearing would be readable in degrees 
of arc instead of seconds of time. 

It must be pointed out that the rotating-loop method 
of directional transmission is a comparatively recent 
development, and at first sight it would appear that the 
range obtainable would be very small; in fact, it was 


(a) (b) 
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formerly thought that a coil could not radiate sufficient 
energy to compete with ordinary aerials. 

Each limb. of the coil is capable of radiating an 
electromagnetic field, and if the two vertical limbs 
coincide the coil becomes non-inductive and non- 
radiating, for in this case the magnetic fields are 

‘simultaneously equal and opposite. This is illustrated 
in Fig. 2(a) where the lines OA and OB represent the 
two fields. In a coil such as that which is used in the 
R.A.F. beacon system, the vertical sides are separated 
by a distance /, which may be referred to as the length 
of the coil [see Fig. 2(b)], and at any instant, therefore, in 
reaching a given point P the field from one side of the 
coil has travelled a distance different from that travelled 
by the field from the other side. The two fields can no 
longer be represented by the lines OA and OB because 
one of the fields is shifted in phase from the position 
OB to OC, giving a phase angle between the two fields 
of 7 — 0 

The angle @ is the same fraction of a complete cycle, 
2r, as the distance / is of the wave-length. 


The resultant of OA and OC is their vector sum 
H = H,y(2(1 — cos 6)] 


where Z is the resultant field from the complete coil and 
H, is the field due to one of the sides. 
When @ is small, i.e. / is small compared with A, 


— = sin l = 0 
1 ST g 
H = H,0 


Thus the radiated magnetic field from a coil is equal 
to the field from one side of the coil multiplied by the 
phase angle @ corresponding to the distance / between 
the sides of the coil in terms of the wave-length.* 

The quantity of energy radiated from a small loop is 
very small compared with that radiated from an open 
aerial having the same aerial current. An important 
factor comes in, however, in that the high frequency 
resistance of a loop can be made very small compared 
with that of an open aerial including its associated 
circuits and it is therefore possible to produce much 
greater oscillating currents in a loop than in an aerial 
for the same primary power input. For this reason the 
comparison between a loop and an aerial is much more 
favourable than might appear at first sight. Again, it is 
possible to make a still more favourable comparison if 
shorter wave-lengths are employed, as the e.m.f. induced 
in an aerial from a loop transmitter is inversely propor- 
tional to the square of the wave-length. 

(b) Development of rotatimg-loop transmitter.—In order 
to ascertain to what extent a loop aerial could be used 
for navigational purposes, experiments were first made 
with a square coil mounted on a vertical spindle, the 
plane of the coil being vertical. The coil was 10 ft. 
square and consisted of 4 turns of wire spaced 6 inches 
apart. The bottom of the coil was 4ft. 6in. above 
ground-level. A capacity was connected across the 
coil, and the closed circuit thus formed was tuned to a 
wave-length of 1100 metres. The coil was energized 
from a standard R.A.F. transmitter arranged to produce 


‘interrupted continuous waves. 


Very good minima were observed when the loop was 
rotated by hand. However, on rotating it at a uniform 
rate it was noticed that the minima were not of equal 
intensity and, further, they were not 180° apart, this 
lack of symmetry apparently being due to the antenna 
or vertical aerial action of the loop. The effect of the 
antenna action is discussed by ,Dellinger.t In addition, 
a small change of wave-length.was discernible, particu- 
larly when the valve receiving-apparatus was so adjusted 
as to heterodyne the signals. This became quite 
evident when continuous waves were used instead of 
interrupted continuous waves. 

It was thought that the antenna effect might be 
reduced by raising the coil to a greater height above 
the ground, and preliminary experiments proved that 
slightly improved results were obtained when the 
bottom of the coil was raised to a height of 6ft. The 
most objectionable effect was the variation of wave- 
length, but the percentage of variation became smaller 


* Scientific Pa of the Bureau of Standards, 1919, No. 354: *' Principles 
of ina Transmission and Reception with Antenna and Coil Aerials.” 
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as the height above the ground was increased. Before 
proceeding further with investigations on this coil an 
experiment was made to determine more completely 
the effect on the wave-length as the height above ground 
was increased. A self-contained loop transmitter built 
on a frame 6ft. square and arranged to transmit 
continuous waves of the same order of wave-length as 
the 10 ft. square coil was placed at the base of a wireless 
mast 150 ft. high, the bottom of the coil being about 
6in. above the ground. Reception was carried out at 
a receiving station about a mile away. The transmitter 
was raised by means of a halyard passing through a 
pulley at the top of the mast, and it was found that on 
raising the loop transmitter there was a variation of 
wave-length. The variation was greatest during the 


Aerial 


condenser 


aerial 
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first 2 or 3 ft., becoming smaller at 9 or 10 ft. from 
the ground, and had practically disappeared when the 
bottom of the coil had reached a height of 12 ft. The 
apparatus was gradually raised to the top of the mast, 
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but no further appreciable change in wave-length was 
noticed. This experiment suggested that there was a 
possibility of reducing the stray capacity and the 
antenna effect by increasing the height of the 10-ft. loop 
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above the ground, and the loop was therefore re-erected. 
with the bottom of the frame at a height of 20 ft. 

The frame was so mounted as to rotate on a pole 
45 ft. high, erected through the middle of a hut, suitable 


Transmitter unit 
fixed on side of 
loop- aerial frame 


- & low-tension 
eads to slip-rings 


Side End K 
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ball bearings and guides being provided at the top and 
bottom of the frame. _ 

. Preliminary experiments on a wave-length of 1 550 m, 
using the same means of energizing the loop as previously 


Final position of casé for 


transmitter unit 
Side End 
elevation elevation 
Mit rr ed 
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referred to, having proved unsatisfactory, a valve circuit 
was devised in which the loop aerial was utilized as both 
anode and grid inductance coils. A diagram of the 
circuit is shown in Fig. 3. The whole of the loop acts 
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as the radiating system and forms, with the aerial 
condenser, a closed circuit. The loop is tapped at its 
centre point, one half acting as the grid reaction coil in 
the valve circuit. The whole of the parts of the circuit 
except the loop and aerial condenser were built in the 
first instance as a complete unit and housed in a weather- 
proof wooden case on the roof of the hut, as shown in 
Fig. 4. The connections between the valve circuit and 
the loop were by means of screened cables connected 
to slip-rings and brushes. 

With this arrangement it was found that, although 
there was a considerable improvement, there were 
capacity and inductance changes between the fixed 
portions of the system and the rotating loop. The 
transmitted wave-length still varied during rotation, 
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After various experiments a satisfactory arrangement 
was produced, as shown diagrammatically in Figs. 6 
and 7. 

The H.T. generator and the batteries for heating the 
valve filament were placed in the hut and connected to 
the transmitter by slip-rings and brushes. The leads 
were of metal-braided cable with the braiding or shield 
connected to earth. With the loop transmitter as 
finally arranged the transmitted wave-length remained 
constant during rotation of the loop, and the minima 
were practically equal in intensity and very sharply 
defined. 

The keying of the circuit was automatically carried 
out by the rotation of the loop. 

The transmission consisted of a continuous signal 
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Fic. 7.—Directional transmission from a loop aerial. General arrangement of transmitter 


(schematic). 


and the minima were neither 180° apart nor equal in | interpreted 


intensity and were also lacking in sharpness. No 
serious attempts at navigation tests were undertaken, 
as it was apparent that several improvements in the 
functioning of the system would have to be made before 
reliable bearings could be obtained. With a view to 
removing these defects, the energizing apparatus on the 
roof of the hut was removed and rebuilt on the side of 
the loop so as to rotate with it, as shown in Fig. 5. 
Tests with this new arrangement showed that the varia- 
tion of wave-length during rotation was reduced very 
considerably, but the minima were still of unequal 
intensity although they were more nearly 180° apart. 
A further re-arrangement was therefore undertaken. 
The parts of the circuit were built up on a baseboard and 
arranged as symmetrically as possible within the frame 
of the loop. 


Part plan of lower portion of coil and transmitter, 


in order to transmit the following 
signals :— | 


(i) Call sign of the transmitter ; 

(ii) Indicating signals to show when the line of 
maximum radiation was on the North-South 
line and again on the East-West line ; 

(iii) Warning signals to prepare the observer for the 
Indicating signals. 


The letter ‘‘E’’ was used for North and “I” for 
East, each of these letters being preceded by the letter 
“V” as a warning signal, as shown in Fig. 8. The 
group “VE” was sent when the line of maximum 
radiation was true North and South, and “ VI” when 
the maximum line was East and West. 

At this time nospecial arrangements had been made to 
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rotate the loop at constant speed, but by careful atten- 
` tion to the motor controls a speed of rotation of approxi- 
mately 1 r.p.m. was maintained. 

It was at that time necessary for the observer to note 
the time of duration of each revolution so as to be able 
to calculate the angular bearing from the following 
formule :— 


360 360 
Xa o Ga 


for readings taken from the East signal. 


X = bearing in degrees given by first minimum. 
X, = reciprocal bearing in degrees piven by second 
minimum. 
T = total time for one complete rotation of the 
coil. 
t = observed time between the [East signal and 
first minimum. 
t, = observed time between the East signal and 
second minimum. 


S 
Fic. 8. 


Typical results of the early tests, are given in the 
Appendix, Tables 1 and 2. 

The work which had been commenced at the Instru- 
ment Design Establishment, Biggin Hill, Kent, was 
continued at the Royal Aircraft Establishment, Farn- 
borough, to which establishment the wireless experi- 
” mental section had been moved and where a new 
directional wireless station was therefore built. The 
new work commenced in the middle of 1923. 

At first the investigations were directed mainly along 
the following lines :— 


(1) Removal of ¿mechanical difficulties which arise 

| in connection with housing and rotating the 
loop aerial. 

(2) Increase of range. 

(3) The production of perfect minima, 180° apart 


(4) Use of interrupted continuous waves to enable 
reception ultimately to be effected on simple 
spark receiving sets such as are used on ships. 


In order to reduce the mechanical difficulties which 
arise. in the case of large rotating-loop aerials and to 
keep down the size of the building required, a much 
smaller loop was used. This meant that a smaller 
transmitting range would be obtained if the original 
wave-length of 1 550 m with the same aerial current and — 
number of turns in the loop were employed, but by 
using a shorter wave-length the range could be increased. 
The new wave-length decided upon was 525 m. 

The comparative sizes of the loops are as follows :— 

The loop used at Biggin Hill consisted of 4 turns of 
972/40 S.W.G. black enamelled copper wire on a frame 
10 ft. square. The loop at Farnborough consisted of 
6 turns of the same wire on a frame 5 ft. square. Some 
difficulty was experienced in producing a suitable and 
efficient oscillating condenser. The best type for this 
particular purpose is obviously one in which the losses 
are low and which is capable of withstanding high 
voltages at radio frequency. Further, the condenser 
should be as light as possible so as to enable the use of 
light construction and small driving power. With the 
loop of 6 turns on a frame 5ft. square and an aerial 
current of 25 amperes, the high-frequency voltage across 
the condenser would be about 7500 volts (R.M.S.). 
Tests were made with various types of condensers and 
the type which proved to be most suitable was an air- 
dielectric condenser having 11 aluminium plates, each 
24 in. by 18in., spaced lin. apart and arranged on 
insulated supports to reduce losses to a minimum. 
The capacity is approximately 0-00088 uF. The overall 
efficiency of the transmitter was greatly increased by the 
use of this condenser. 

It was found that an oscillatory current of 40 amperes 
could be produced in the loop with the apparatus then 
in use, but most of the work was carried out with a 
current of 25 amperes. To produce this current the 
H.T. input to the oscillator valve was about 360 watts 
(4 000 volts, 90 milliamperes). 

The H.T. supply was obtained from a 200-volt 300- 
cycle alternator. The voltage was stepped up by a 
transformer and rectified by two valves applied to each 
half of the secondary, giving full-wave rectification. 

As was found to be the case in the earlier experiments 
at Biggin Hill, some difficulty was experienced in the 
production of good sharp minima of equal intensity 
and 180° apart. By a process of elimination during 
which all traces of high-frequency currents in the wiring 
below the loop were removed, the defects were over- 
come. The minima produced were very sharp, prac- 
tically equal in intensity and, as near as could be 
measured, 180° apart. 

The speed of rotation and method of signalling were 
substantially the same as employed in the early experi- 
ments with the 10-ft. coil. A number of tests were 
made with the loop as erected chiefly to determine the 
range and quality of the minima and to confirm that 
the minima were 180° apart. 

The tests were carried out at distances varying from 
400 yards to 35 miles, At very short ranges, i.e. from 
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400 to 1200 yards, the minima appeared to be perfect 
zeros, no signal being audible in the minimum position, 
even when there was a current of 40 amperes in the loop 
aerial. Later tests, in which transmissions from the 
loop were made at intervals of 4 degree in the vicinity 
of the line of minimum radiation, showed that the 
minima were diametrically opposite to each other 
although they differed very slightly in intensity. Detailed 
results of tests carried out at ranges up to 35 miles are 
given in the Appendix, Tables 3 and 4. 

Bearings were calculated, though the primary objects 
of the tests were to determine the quality of the minima 
and to.obtain data as to the possible range at which the 
minima could be observed with reasonable accuracy for 
navigation purposes. Tests in aircraft were also carried 
out and a typical set. of results is given in Table 5. 

The bearings obtained, though fairly good, must not 
be taken as indicating the degree of accuracy which can 
be obtained with the system, as.a good method of speed 
regulation of the rotating loop had not then been applied. 
The arrangement in use was known to be defective from 
this point of view. 

It was considered, however that the following con- 
clusions could be drawn from the results of these tests :— 


(1) A comparatively small loop properly housed is 
satisfactory. 

(2) Though using a smaller loop the range obtainable 
with a given aerial current can be increased by 
working with a shorter wave-length. 

(3) Good minima can be obtained. 

(4) Interrupted continuous waves can be satisfac- 
torily employed at reduced ranges. 

(5) With a satisfactory method of rotating the loop, 
accurate bearings could be obtained. 


During the progress of these investigations the 
method of signalling was improved. It was arranged 
to transmit the North-indicating signal when the line 
of minimum radiation was North and South, instead of 
transmitting it when the line of maximum radiation 
was in that position. The timing signals used are 
described in Section (c). 

It was evident that greater rangés would be obtained 
if more current was produced in the loop aerial, and 
that better results would be obtained if a more per- 
manent installation was built incorporating improved 
rotating mechanism. In January 1924, work was 
commenced in connection with these improvements. 
A voltage of 10 000 was applied to the oscillating valve 
in order to increase the loop current. .This necessitated 
a modification to the condenser to enable it to with- 
stand the higher voltages. Satisfactory results were 
obtained with a spacing of 24 in. between the condenser 
plates. In order to obtain the same capacity as before, 
i.e. 0:00088 uF, the size and number of the plates were 
increased and the condenser now consisted of 19 alu- 
minium plates, each 36 in. by 18 in. and spaced 24 in. 
apart. These plates were liable to vibrate during 
rotation of the loop, causing slight variations in capacity 
and thus producing a varying pitch in the heterodyne 
note when using continuous waves for transmission. 
Insulated spacing pieces of various materials were tried 


for fixing the plates, but, with the exception of American 
whitewood used with the electric stress along the grain, 
none was satisfactory. The special virtues of American 
whitewood had been noted previously by the Post 
Office. The wooden spacing pieces are 24 in. long cut 
from whitewood rods 4 in. diameter and are held together 
by a short screwed dowel pin of “ Erinoid ” which 
passes through a hole in the condenser plate. The 
whitewood is not treated in any way and has proved 
very satisfactory for at least 2 years. The dielectric 
losses appear to be negligible, as it is found that there 
is no appreciable increase in the power input to produce 
the same aerial current in the loop. 

The batteries for heating the oscillating and rectifying 
valve filaments were dispensed with and step-down 
transformers were used on the alternating-current 
supply. 

An aerial current of about 55 amperes was obtained 
in the loop, the power input to the oscillating valve 
being approximately 2 000 watts. The method of rotat- 
ing the loop was considerably improved. New worm 
gears were installed and a constant-voltage device was 
incorporated in the supply to the driving motor. This 
resulted in a much more constant and uniform speed 
of rotation, but it was still necessary to maintain 
constant watch and correct the speed from time to time, 

As a result of these and previous tests the Radio 
Research Board decided to carry out full-scale naviga» 
tion tests and requested the Air Ministry to construct 
and erect a beacon for this purpose. 

A site was selected at Fort Monckton near Gosport, 
Hampshire, and, in the early part of 1926, the erection 
of a rotating-loop transmitter or beacon was commenced. 
The beacon was built by the Royal Aircraft Establish- 
ment as a replica of the one at Farnborough. 

The beacon was handed over to the Department of 
Scientific and Industrial Research in July 1926 for the 
purpose of studying its performance when transmitting 
over land and sea, and particularly to ascertain the 
reliability for marine navigation purposes of bearings 
taken with the aid of the beacon. 

More recently the wave-length of the Farnborough 
Beacon has been changed from 525 to 707 m, chiefly 
on account of the interference from other stations. 
The size of the aerial coil remains the same, i.e. 6 turns 
on a frame 5 ft. by 5 ft., but the capacity of the aerial 
condenser has been increased. Additional strands of 
wire were added to the turns of the loop, which now 
consists of 1458/40 S.W.G. black enamelled copper 
wire. A higher value of oscillating current is obtained 
for a slightly increased power input to the oscillator 


valve. The loop current is 72 amperes and the H.T. 
input is about 2500 watts (10000 volts, 250 milli- 
amperes). 


The aerial condenser is made up of 13 plates, each 
4 ft. 9 in. by 2 ft. 6 in., spaced 2}4} in. apart, and the 
capacity is approximately 0:00166 pF. The high- 
frequency voltage across the circuit is about the same 
as that for 55 amperes and 525 m, i.e. 15 000 volts R.M.S. 

After making these alterations it was found that, 
although the minima were still 180° apart, the difference 
in their intensity had become more marked. It was 
suspected that there might be some secondary effect 
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from the condenser, the plates of which are now large 
compared with the size of the loop and the previous 
condenser, and, as the increase in its dimensions was 
the only radical alteration made, this suspicion appeared 
justified. The plates of the condenser which were 
arranged with their planes parallel to the plane of the 
loop were taken out and refixed with their planes at 
right angles to the plane of the loop. It was then clear 
that some of the effect was due to the condenser, for 
the minima now became more nearly equal in intensity. 
The minima are still slightly different, but bearings can 
be taken from either with the same degree of accuracy. 

Another effect of changing the position of the con- 
denser was an alteration in the setting of the beacon 
by about 2°. This was discovered during further 
navigation tests and the necessary correction was made, 
after which bearings were reliable (see Tables 6 to 9). 

It may be that some of the asymmetrical effects are 
due to local conditions, and this seems to be confirmed 
by comparison of the performance of the 525-m beacon 
at Farnborough with that of the 525-m beacon at Fort 
Monckton, Gosport. The two beacons are identical in 
every respect, with the exception of the site, which at 
. Farnborough is a relatively level piece of ground whilst 
at Gosport it is on a small promontory with a drop 
of some 30 ft. to the sea on one side. The differences 
in the performances of the two beacons are: (i) the 
minima of the Gosport beacon are decidedly unequal, 
one being very sharp and the other woolly or blurred ; 
(ii) the wave-length of the Gosport beacon varies slightly 
during the rotation of the loop. 

The question of suitability of site is being investigated. 

(c) Timing signals.—The matter of timing signals for 
indicating when the loop is on the North-South line, 
etc., has been briefly referred to under (b) above. 
During the course of the work four methods of signalling 
were tried. The first was performed entirely by hand 
and was not satisfactory. The second consisted in 
using the letter groups “VE” and “VI” for the 
North-South and East-West signals respectively, but it 
was found that sufficient accuracy in starting the 
chronograph could not be obtained. The third method 
was similar to the second. The letters “ V ” and “Q” 
were used, followed by a space, the North and East 
starting points being indicated by the commencement 
of the continuous signal. This was better than the 
previous methods, but a further improvement has 
recently been made and appears to be satisfactory. 
The method is indicated in Fig. 9. 

The letter “ V ” is sent as a warning that the North 
point is approaching. This letter is followed by two 
timing dots which, with the commencement of the 
continuous signal, can be counted as three. The 
observer counts “one,” “ two,” “ three,” in time with 
these signals and releases the chronograph on “ three.” 
The letter “B” is used as a warning for the East 
point. The reason for the provision of an “ E ” signal 
is to overcome the difficulty of receiving the “N” 
signal when the craft is North or South of the beacon, 
as on that bearing the signal strength is a minimum. 
In such a direction it is more satisfactory to obtain a 
timing signal corresponding to minimum radiation in 
an East or West direction. 


. pointer of watches. 
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(d) Method of setting the timing signals.—1In order to 
set the signalling gear to transmit the indicating signals 


- at the. correct time, i.e. when the line of minimum 


radiation is in some predetermined direction such as 
North-South, the apparatus is first set up on the 
assumption that the line at right angles to the plane of 
the loop is the same as the line of minimum radiation. 
Observations are then made at several points, the correct 
bearings of which are known, and any error is corrected 
from the results of these observations. When once a 
beacon has been set up correctly, the bearing from a 
fixed point can be taken so that this point can be used 
as a permanent reference mark for checking the beacon 
periodically. 

(e) True bearings ——The beacon is calibrated on true 
North in order to avoid the necessity for periodically 


n mae 


Start stop-watch 


Di here when taking 
Yr: of | observations from 
signalling arm true North bearing 


, Rotating 
signalling arm 


Start stop-watch 
here when takin 
7 observations from 
| true East bearing 


Fixeg signalling 
ring 


Starting 
point 
Continuous” L—wWarning — LTiming--+— Continuous — 
Signal | i signal i l! signal i signal 
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readjusting, which would be required if magnetic North 
were used. 

(f) Best speed.—It has been found that a speed of 
l r.p.m. is probably the best for this type of beacon, 
in addition to which it is the same as that of the seconds 
The speed was not selected entirely 
for that reason but from the results of experiments. 
At a speed of 1 revolution in 36 seconds the minima 
appeared to be exceedingly sharp, but it was very 
difficult to observe the time accurately on a chrono- 
graph. The minima seemed to flash. past and were 
gone before the observer could note the time. Lower 
speeds had the reverse effect. On rotating the loop at 
a speed of 1 revolution:in 120 seconds, the minima 
appeared to be very flat and the exact point of silence 
could only be judged by noting the times of disappear- 
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ance and reappearance of the signal. Actually a speed 
of 1 revolution in 72 seconds gave most consistent 
results, but there was sò little difference between that 
and 60 seconds that it was decided to adopt the latter 
rather than introduce special timepieces. __ 

- (g) Speed control.—In systems such as the rotating 
loop, in which the timing of the minimum or maximum 
is made for computing bearings, it is essential that the 
loop shall rotate at a constant speed and that the speed 
shall be uniform throughout each revolution. 

Up to the present a suitable method has not been 
put into-use for performing this without manual assist- 
ance. It is possible to maintain fairly accurate con- 
ditions with skilful attention, but it is desirable to 
eliminate the necessity for constant watching. The 
method at present in use at the Royal Aircraft Establish- 
ment consists in the employment of a steady voltage 
applied to the driving motor (this being from a battery) 
with the addition of an isochronous indicator. The 
indicator is actually a low-power governor, but it is 
only capable of controlling much smaller variations 
than actually occur in the beacon driving gear and it 
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radiation is on the North-South line. If the navigator 
flies a correct course he will hear the minimum signal 
at 50 seconds on the chronograph (or on 300° if the 
dial is calibrated in degrees) ; the reciprocal minimum 
will also be heard at 20 seconds (or 120°), but this 
minimum need not be used. Now if the navigator 


. deviates from the correct course in a Northerly direction 


his bearing will increase, as will also the time at which 
he observes the minimum. He thus obtains an imme- 
diate indication that he is off his course and he also 
knows in which direction and by what amount. The 
navigator therefore must turn to port until the minimum 
is observed at the correct time. Similarly, if he deviates 
to the South of the course he obtains similar indications 
and can correct accordingly. Therefore if he listens to 
the beacon and observes the time of the minimum he 
can fly from point to point using the beacon as his sole 
aid to navigation. 

(ii) Suppose that it is required to fly from the point C 
to point B (Fig. 10b) and that the beacon is at point A. 
The bearing of B from A is known and, therefore, if the 
navigator sets a course in a Northerly direction he will 
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does not automatically maintain constant speed. How- 
ever, the attendant can see at a glance when the speed 
changes and can thus, by suitable controls, bring the 
speed back to normal. The problem of speed control 
is being investigated and two methods are about to be 
tried. One of these is an isochronous governor which 
should be capable of controlling both variations of 
the voltage of the power supply to the motor and of the 
load. The other method aims at the elimination of the 
varying power supply, and is intended to run at a 
constant speed unaffected by small changes of the load. 

(h) Use of the beacon in navigation.—Apart from 
ordinary navigation such as position-finding from two 
or more beacons, the rotating-loop system would appear 
to have a particular use in point-to-point work, which 
in many cases can be conducted on a single beacon. 
Two examples of this are as follows :— 

(i) Suppose that it is required to fly an aeroplane 
from the point A to the point B (Fig. 10a) and that 
there is a beacon at one or other of these points, e.g. at A. 
The bearing of B from A can be readily obtained and, 
for this illustration, let it be 300°. The beacon is 
rotating at a speed of 6° per second, and the signal for 
starting the chronograph is sent out when the minimum 


arrive in time at a point where the observation of the 
minimum will occur at the correct time. He then 
must alter his course to port and proceed in the manner 
indicated in example (i). Flights of this nature have’ 
been carried out up to a distance of 160 miles, with 
entirely successful results. 

A fixed beacon for point-to-point navigation such as 
is used in the United States would permit of the sante 
method of navigation but would be restricted to one 
particular route. The rotating beacon is universal and 
can be used for different routes. 

For safe flying in bad weather, especially on busy 
air routes, it would appear that two such beacons 
would provide a satisfactory method of keeping two 
lines of traffic on their proper routes, thus avoiding the 
possibility of collisions. In Fig. 10(c), if the terminal 
air ports are at A and B respectively and each is 
furnished with a rotating beacon, the traffic lines could 
be arranged as indicated, navigation being performed 
as described in example (ii) above. In addition, the 
beacons would serve aircraft flying to the points A and B 
from other directions. 

(j) Night effect in the air.—Although it would be 
premature to say that this method of direction-finding 
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is free from night variations, at any rate, as far as 
aircraft reception is concerned, it may be stated that: 
up to the present no variations of direction have been 
noticed, although on many occasions the observer has 
particularly looked out for them, The errors, if present, 
would show as erratic readings of the stop-watch in 
consecutive observations. 
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APPENDIX. 


In this appendix are given some typical results of 
tests made both from ground observing-stations - and 
from aeroplanes in flight. It should be noted that these 
tests extend over the whole period of development of 
the loop transmission system. 


TABLE 1. 
Ground Test. 
Receiving Station at Ide Hill Green (about 6% miles from Instrument Design Establishment). 


> | i |g E ag ref se | > | J | 6 | g 
338 | 3 si 2 3a | z =. EE as E y i Be 8 s7 
6 A 
EE E E EE EIk gI B | E 
SARE TESES CRAEN MOER EES DON R DEAR E Se n E 
secs, secs. secs secs. secs. secs. deg. deg. deg. deg. deg. deg. 
1 0 9 RO | 45 RO | 72 72 36 135 315 317-6 | 137-6 | —2-6| — 2-6 
2 |. 0 | 10-5 | RO | 47-5 | RO | 74-3 | 74-3 | 37 140-8 | 320-2 | 317-6 | 187-6 | +3-2| +27 
3 0 | 10-6| RO | 47-8! RO | 75 75 37-2 | 140-8 | 319 317-6 | 137-6| +3-1| + 1-4 
4 0 |10-8| RO | 47-8| RO | 75-2 | 75-2 | 37 141-7 | 318-8 | 317-6 | 137-6 | + 4-1 | +09 
5 0 | 10-9| RO | 48-2| RO | 77-2 | 77-2 | 37-3 | 140-8 | 314:8 | 317-6 | 137-6 | + 3-2| — 2-8 


NoTE.—“ RO ” indicates complete silence on the minimum. 


A point which has not been overlooked is the possi- 
bility of confusion which may arise when using con- 
tinuous-wave transmission. There are so many con- 
tinuous-wave carrier waves in use that delay in'obtaining 
bearings may arise if an observer tunes in one of these 
and waits for the minimum which never comes. This 
would not normally occur, as each beacon would send 
out its call sign at regular intervals and would also 
send the N and E indications, but in order to prevent 
any difficulty on this score a distinctive characteristic 
could be given to the radiation, such as breaking up 
the continuous signal into high-speed dots. 


GENERAL REMARKS ON PERFORMANCE OF R.A.F. 
BEACON. 

The Air Ministry beacon at Farnborough is intended 
primarily for aircraft, and the results given in this 
paper refer chiefly to observations taken in the air, 
although some examples are given of ground-to-ground 
tests which were carried out during the early stages 
of development. The ranges given must in all cases 
be taken as indicating the distance at which useful 
indications of the minima can be observed, and not 
the signalling range of the loop when used in the 
maximum direction. ` 

The rotating-loop beacons at present in use were 
not designed for extreme ranges. but rather for the 
purpose of investigating the system generally. 

Acknowledgments are due to Wing-Commander 
G. P. Grenfell, D.S.O., R.A.F., the late Dr. J. Erskine- 
Murray, Dr. J. Robinson and Captain H. L. Crowther, 
under whose supervision the initial experiments were 
carried out, and also to various members of the Royal 
Aircraft Establishment staff for much valuable assist- 
ance and advice during later developments. 


In the tests given in Table 3, a 3-valve receiver and 
an aerial 110 ft. long and of an average height of 18 to 
20 ft. were employed at the observing station. 

16th November, 1923.—Chobham Common. Distance 
9 miles. Test to ascertain angular distance apart of 
the minima. During this test the driving gear was 
disconnected from the shaft so that the loop aerial 
could be rotated by hand. 

The approximate bearing being known, the loop was 
rotated clockwise and anti-clockwise to about 10° on 
each side of the positions which would give the two 
minima at the observing station at Chobham Common, 
and signals were exchanged between the beacon station 
and the observing station until the latter station notified 
the former that the minimum occurred between 135° 
and 145° in the first case, and between 315° and 325° 
in the second case. The angular movement of the loop 
was then gradually reduced until the exact positions of 
the minima were found. The final results showed that 
the first minimum occurred at 141-25” and the second 
at 321-25°. These results were very carefully checked 
several times and it was concluded that the minima are 
180° apart. The minima were very sharp. 

This test enabled the automatically operated key 
which transmits the North and East signals to be re- 
adjusted in relation to the loop so that better bearing 
readings could be obtained, as is shown by the results 
of the later tests. 


EXTRACTS FROM PILOTS’ AND OBSERVERS’ REPORTS OF 
AIR TESTS. 


1. Flight test, 14th May, 1925.—On a journey from 
Yeovil to Farnborough the visibility was not more than 
1 mile, and under ordinary conditions a certain amount 
of difficulty would have been experienced in finding the 
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TABLE 2. 
Ground Test. ` 


Receiving station at the National Physical Laboratory, Reception on single-wire aerial, with 3-valve receiver. 


Times recorded Observed bearings 


ga | Saa ge jO oae N 
re ta T A As 
By day (29th August, 1921). 
08 45 N 3°8 35-0 63-4 111-6 || 288-7 
08 46 E 19-3 50-4 63-0 110-3 ¡| 288-0 | Occasional jamming with continuous waves 
08 50 E 19-2 49:8 61-6 112:1 | 291:0 
08 52 N 4-2* | 34-9 61-6 114-6 '| 294-0 | * Indicates minimum rather broad 
0854 |. N 4-3 35:0 61:5 115-2 | 294:9 
08 56 E 19°8 50:2 61:7 115-5 :| 292-8 
08 58 N 4°3 34°8 61:4 115-4 '| 294-0 
09 00 E 19-9 50-0 61-6 116-2 292-0 
09 01 N 3°8 34°5* | 61-3 112-3 :| 292-7 | Jammed out by loud automatic trans- 
ere: mitter on 1 600 m, 09 01-09 15 
Mean bearings| 113-7 292-0 
By night (12th September, 1921). 

21 02 E 19-7 51-2 62°7 112-6 294-0 | Atmospherics increasing 
21 03 N 4-1 34-6 62-6 113-6 289-0 
21 04 E 19-5 51°4 62-5 112-3 296-0 | Some jamming 
21 08 N 4-1 34-9 62-6 113-6 290:8 | Signals decreasing 
21 09 E 20-0 51°3 62-8 114-4 294-0 
21 12 N 4-6 85-0 62-6 116:3 291-0 
21 27 N 4-1 35-0 62-8 113-4 290-6 | Atmospherics very bad 
21 28 E 19°6 51-0 62-6 112-1 293: 3 is worse 


Mean bearings| 113-5 292-3 | All minima 1-0 to 1:6 sec. broad 


-TABLE 3. 
Ground Test (13th November, 1923). 


Chobham Common. Distance 9 miles. Aerial current (in loop) 25 amperes (continuous waves). True bearing 
(from map) 49°. 


Namba MA ond 1 ini den Pis e Ain cae sirio Remarks 
secs. secs. secs. deg. deg. 
1 10-1 45:9 70:9 51:29 53-1 N 
2 27-0 61-2 69-0 50:9 49-4 E. 
3 10-2 45-1 69-9 52:53 52: 3 N 
4 9-4 41-8 65-1 51-98 51-2 N 
5 24:7 57-2 65:2 46:4 45-9 E 
6 9-5 41:9 65:5 52: 22 50:3 N 
7 24-9 57:2 64-6 48.8 48-8 E 
8 9-2 42:3 " 65-6 50: 47 50-21 N 


ja 
Q 


Average 50: 57 50- 


252 


GILL AND HECHT: ROTATING-LOOP RADIO TRANSMITTERS, AND 


correct course back to Farnborough. In this case, 


_ however, the pilot, who was operating the wireless 


apparatus, navigated the aeroplane to Farnborough on 
the bearings determined by means of the beacon trans- 
mission. In fact, so accurate were his observations 
that the aeroplane passed within a few hundred yards 
of the hut in which the transmitting loop is installed. 

2. Flight test, 3rd June, 1925.—Over Spittlegate 
(110 miles) signals were about R6 to 7 at the maximum 
and gave very good zeros, though interference was 
beginning to be troublesome. At 150 miles range, 
signals appeared to increase in strength slightly, but 
zeros disappeared and became sharply defined minima. 
These same conditions held over Brough (175 miles), 
the maximum distance reached on this flight. At this 
range good zeros were obtained of 13 secs. duration. 
The bearings obtained throughout the flight and previous 
flights were very consistent but apparently about 3° 
over the correct one. This would suggest errors in the 
beacon itself, which could of course be easily rectified. 

3. Flight test, June 1927.—During:a flight made on a 
civil aeroplane, whilst carrying out other experimental 
work, observations on the Royal Aircraft Establishment 
beacon were made in order to ascertain its degree of 
usefulness and reliability. This was done during a flight 


TABLE 4. 
Ground Test (20th November, 1923). 


Chobham Common. Distance 9 miles. Aerial current 
(in loop) 25 amperes (continuous waves). True 
bearing (from map) 47°5°. Loop re-set after tests 
of 16th November, 1923. 


Time Time a Bearing | Bearing | Starting 
Test Duration 
N te atts pantera of rotation Br vias la o 
secs. secs secs. deg deg. 
1 9-8 | 45:6 72:1 48-9 477 N 
2 27°4 | 64:3 73:4 44-4 45-4 E 
3 9-4 | 45-4 71-6 47:26 | 48:3 N 
4 26:8 | 61-2 69-8 48-2 45-65 E 
5 9-0 | 44-9 70:2 46-16 | 50-3 N 
Average | 46-99 | 47-47 


NoTE.—It will be noted that the general order of bearings 
is more accurate than in previous tests. 


from Sealand. The receiver was used with a trailing 
aerial. 

Immediately on leaving Sealand the revolving beacon 
was picked up. The interference from shipping on 
600 m was naturally very heavy, as the aeroplane was 
quite near Liverpool. In spite of this the beacon trans- 
missions were easily picked out between the worst of 
the spark transmissions, and even through a great deal 
of/it which was not so intense. A few trial runs with 
the stop-watch were taken by several observers in the 
pa After this, bearings were continually being 


I 
l 


/ 


taken on separate watches and, except in a few cases, 

exactly the same results were obtained, which, when 

they could be checked by ground observation, proved 

correct. After about 15 minutes it was discovered that 

the same bearing was being obtained time after time, 
e 


TABLE 5. 
Air Test (July 1926). 


Object of test.—To fly to Bristol from Worthy Down 
taking bearings from beacon, pilot pin-pointing on map 
the place at which bearings were taken, and noting 
strength and characteristics of beacon. 

Beacon was picked up strength R8 at 40 miles from 
Farnborough. 

The beacon stopped transmitting at 12 00 hours when 
the aeroplane was distant 80 miles. 

The maximum error of 16 bearings taken was 4°. The 
mean error was slightly under 2°. Bearings were easy 
to take, although there was considerable interference. 


Bearing Beacon 
Distance Ce takén Mean 
pa bearing om: id ra Maximum ¡Minimum 
strength secs 
miles deg. deg. deg. deg 
50 270 266 - 4 — — — 
50 268 270 + 2 — 1 7 2 
50 268 267 — 1 — 7 — 
50 270 268 — 2 — 7 — 
58 267 271 +4 — 7 — 
58 272 273 + 1 + 2 7 2 
58 274 274 — — 7 — 
66 282 279 — 3 — 2 7 2 
66 283 281 — 2 — — 
72 288 286 — 2 — 7 2-3 
72 288 286 — 2 — 2 7 2-3 
72 288 286 — 2 — 7 2-3 
80 288 290 + 2 — 6-7 3 
80 289 291 + 2 + 1 6-7 3 
80 290 290 — — 6-7 3 
80 290 290 — — 6-7 3 


and it appeared that the aeroplane was flying direct to 
Farnborough. Asit had been arranged to fly to Croydon, 
the bearing was expected by the observers to change ; 
the pilot had, however, without notifying the observers 
in the aeroplane, decided to fly to Farnborough using 
the beacon. The course was correctly followed as far 
as Leamington, when the loop transmission ceased in 
accordance with the programme previously arranged. 

During this transmission the minimum of the beacon 
was well defined and, after a very little practice, could 
be “ spotted,” very comfortably. 
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The following extracts and tables taken from reports 
give typical examples of results obtained during recent 
extensive tests carried out in aircraft in May and June 
1927. 


(a) Accuracy of bearings.—A total of 558 bearings 
were taken, with the following results :— 


Accuracy . OK +1 42 43 +4 +65 
No. of bearings. . 65 104 97 87 64 40 
Accuracy .. +6 +7 +8 +9 +10 +11 
No. of bearings.. 26 30 21 6 6 5 
Accuracy .. £12 +18 +14 +15 . 

No. of bearings. . 1 3 > 2 l 


It should be borne in mind, however, when considering 
the above table that it includes all bearings taken and 
thus includes errors due to inexperienced operators, 


mittey.—Distance does not appear to affect the accuracy. 
of the results obtained. Average errors were made at 
any distance between 20 and 180 miles, but under 20 
miles flooding of the minima becomes troublesome. 

(c) Variation of accuracy at night——One flight -on 


which 52 bearings were taken was made at night and 


an average error was obtained similar to that apparent 
in daytime. There is no evidence, therefore, that the 
beacon is subject to night effect. At night, signals were 
received at a considerably increased strength and the 
bearings remained normal. With the increased strength, 
flooding of the minima and a certain wooliness appeared, 
but this was obviated by reducing the strength of 
signals in the receiver itself. 


The trials have been useful for finding the factors 
which lead to faults in the bearings. 


TABLE 6. 


Aw Test (May 


1927). 


Time Bearing Correct bearing Error 
deg. deg. deg. 
15 11 240 240 OK 
15 12 248 253 — 5 
15 13 249 254 — 5 
15 14 250 255 —5 
15 21 270 268 + 2 
15 22 270 272 — 2 
15 23 270 274 — 4 
15 30 282 282 OK 
15 32 284 283 +1 
15 33 282 283 — 1 
15 34 283 284 — 1 
15 41 282 283 — 1 
15 42 282 284 — 2 
15 43 281 | 282 — 1 
15 5] 279 276 + 3 
15 52 272 275 —3 
15 53 272 274 — 2 
15 54 271 274 — 3 
16 Ol 265 266 — 1 
16 02 265 265 OK 
16 03 265 264 + 1 
16 04 266 263 + 3 


Course of aircraft, and distance from Farnborough 


Worthy Down 15 07 to Harewood Forest 15 14 (30 miles) 


Chute Lodge 1521 (34 miles) to railway 1 mile north of 
Wilton 15 27 (37 miles) 


Marlborough 15 32.(42 miles) to Winterbourne Bassett 15 39 
(50 miles) 


Winterbourne Bassett 1539 (50 miles) to Cherhill 15 45 
(51 miles) 


Stanton St. Bernard 15 51 (48 miles) to Worthy Down 16 12 


minor faults in beacon itself, inaccurate timing due to 
wireless telegraph interference, etc. In view of this, the 
following block of bearings are given as taken by a 
fairly experienced operator when the beacon was known 
to be correct in itself and when wireless interference 
was at a minimum. 

Number of bearings takèn = 96. 


Accuracy . OK 41 42 43 +4 +6 
No. of bearings.. 12 27 18 9 10 6 
Accuracy --» +6 +7 +8 +9 +10 
No. of bearings... 5 4 2 I 1 


(b) Variation of accuracy with distance from trans- 


From the trials it seems that errors in bearings are 
due to the following causes :— | 
(a) Faulty stop-watch. 
(6) Beacon erratic in time of rotation. 
(c) Apparent errors due to faulty pin-pointing. 
(d) Errors due to wrong setting of beacon. 
(e) Errors caused by wide minima due to weak signals 
or strong interference. 
(f) Errors caused by lack of practice. 
(g) Errors due to incorrect timing between second 
pilot and operator. 


All of these faults have occurred during the test 
trials carried out, and some allowance for these errors 


254 


should be made when judging the reports. It is probable 
that the bearings obtained are better than they appear 
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in the various reports. 
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00 03 
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00 23 


00 30 
00 31 
00 32 


00 33 


Actual Beacon 
bearing | bearing 


compared with 6-7 at 1800. 
inclined to be flooded at times. This appeared to be 


The minimum was 


due to excessive strength of signals. The visibility 


TABLE 7. 


Air Test by Night (June 1927). 


| Position of machine, and distance from Farnborough 


4 miles south of Lynn at 23 03, to end 
of Bedford level at 23 36 
104 miles 


94 miles 


80 miles 


End of Bedford level at 2336, to 
Shefford at 23 45 
66 miles | 


Shefford at 23 45, to Halton at 00 06 
52 miles 


40 miles 


Halton at 0006, to 5 miles west of 
Reading at 00 25 


Halton at 0006, to 5 miles west of 
Reading at 00 25 
16 miles 


5 miles west of Reading at 00 25, to 
Worthy Down at 00 50 
15 miles l 


Maximum R9, minimum inclined to be 
flooded. Reduced strength of signals 
by stabilizer and obtained 2 secs. 
minimum 


Signals further reduced to obtain 
strength 7 max. and 2 secs, min. 


Maximum R9, minimum flooded. Not 
known whether flooding due to night 
effect, but when signal strength 
reduced obtained two bearings 


Signals reduced from full strength ob- 
tainable to maximum 7, minimum 
2 secs. Consider beacon not keeping 
time. (Confirmed.) 


Minimum flooded at times. Reduced 
strength of signals from: R9 to R7 on 
receiver 


Signals reduced on receiver to R7 
maximum with 2 secs. minimum. 
Consider beacon not keeping time. 
(Confirmed.) 


Comments.— Compared with signal strength on 


was poor on this flight. The actual bearings were 


journey to Bircham made during day, signals were | taken from estimated position of machine between the 


much stronger. The maximum was R8-9 at night, 


pin points taken. 
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TABLE 8. 


Air Test (June 1927). 


Time | Bearing bearing Error |- Course of machine, and distance from Farnborough Remarks 

deg.. deg. deg. 

11 42 | 308 307" | +1 | Bourton-on-Water 1132 (60 miles) to | Interference from spark stations 
306 307 — 1 Cheltenham 11 45 (77 miles) - 

1143 | 305 307 | — 2 
305 307 — 2 

1153 | 303 304 — 1 | Cheltenham 11 45 (77 miles) to Ciren- 
303 304 — 1 cester 11 59 (60 miles) 

1154 | 306 303 + 3 
302 303 —1 


1202 | .297 297 | OK | Cirencester 11 59 (60 miles) to Swindon 


12 03 296 297 — 1 12 08 (49 miles) 

12 04 296 296 OK 

12 05 294 295 — 1 i 
TABLE 9. 


Air Test (June 1927). 


Time Bearing eee Error Course of machine, and distance from Farnborough Remarks 

deg. deg. deg. 
1752 | 357 357 OK | Cossington 17 40 (104 miles) to Wal- | Signal strength 9, minimum 2 secs. 
1753 | 354 | 357 | — 3 tham-on-the-Wold 17 55 (110 miles) Readings taken from East and 90° 
1754 | 355 358 — 3 | added 
1755 | 356 358 — 2 
18 02 2 1 + 1 | Spittlegate 18 05 (117 miles) to Corby | Signal strength 9, minimum 2 secs. 
18 03 1 1 OK railway station 18 13 (111 miles) Readings taken from East and 90° 
18 04 2 2 OK added 
18 05 0 2 — 2 | 


(The discussion on this paper will be found on page 274.] 


Ed 
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SOME EXPERIMENTS ON THE APPLICATION OF THE ROTATING- 


BEACON 


TRANSMITTER TO MARINE NAVIGATION. 


By R. L. SmituH-Rose, D.Sc., Ph.D., and S. R. CHAPMAN, M.Sc., Associate Members, 


(Paper first received 26th October, and in final form 18th November, 1927; read before the WIRELESS SECTION 
4th January, 1928.) 


SUMMARY. 

The following paper describes a series of experiments 
carried out with a rotating-loop beacon transmitter installed 
for the purpose at Fort Monckton, near Gosport. After an 
initial calibration of the beacon, a series of tests was carried 
out in various cross-channel ships between England, France, 
and the Channel Islands. In these tests the accuracy of the 
.wireless bearings obtained from the beacon was measured at 
various distances and the range of the beacon for reliable 
working was ascertained. The night errors, which were 
encountered at the longer distances, were studied in more 
detail at various fixed positions, chosen to show the effect of 
transmission over sea and land respectively. Inthe later part 
of the investigation a comparison was made both at sea and 
on land between the bearings observed on the rotating beacon 
and those obtainable with a direction-finder used in the 
ordinary manner. From the results obtained the relative 
merits of the two systems of ascertaining wireless bearings 
for marine navigation purposes are briefly discussed. 


TABLE OF CONTENTS. 


(1) Introduction. 
(2) Installation and calibration of beacon. 
(3) Experiments carried out at sea :— 
(a) Between Southampton and Havre. 
(b) Between Portsmouth, Fécamp and Owers Light 
Vessel. 
(c) Between Southampton and the Channel 
_ Islands. 
(d) General conclusions on observations at sea. 
(4) Tests carried out at fixed positions on sea and land. 
(a) Description of tests. 
(b) Day observations. 
(c) Night observations. 
(d) Conclusions. 
(5) Comparison of bearing observations by beacon and 
by direction-finder. 
(a) Day tests at various positions. 
(b) Day and night errors compared. 
(c) Comparison tests at sea. 
(6) Conclusions. 
(7) Acknowledgments. 


(1) INTRODUCIION. 


As an alternative to the use of a radio direction- 
finder for navigation purposes, the rotating-beacon 
system of directional transmission has been developed 
to a high degree in this country by the Royal Air Force. 
This system makes use of a vertical closed loop rotating 
about a vertical axis at a uniform speed of 1 revolution 
per minute. Except for the emission of two special 


signals, the radiation from the beacon is constant so 
that a steady dash is received during the rotation of 
the coil. The radiation from the coil is proportional to 
the cosine of the angle between the plane of the coil 
and the direction of transmission, and the polar 
diagram is thus the familiar figure-of-eight. At a 
fixed receiving station, therefore, the signal intensity 
varies from a maximum when the plane of the coil is 
in line with the receiver, to a minimum or zero when 
the plane of the coil is at right angles to the direction 
of the receiver. Bearings are obtainable from such a 
rotating beacon by a simple timing arrangement which 
operates as follows. 

When the plane of the coil is perpendicular to the 
geographical meridian a characteristic signal is emitted 
by the beacon which may be termed the N point. An 
observer at a distant receiving station, upon hearing 
this signal, starts a chronograph. As the beacon 
revolves, the intensity of the received signal varies and 
will ultimately pass through a minimum or zero value, 
at which instant it is known that the plane of the 
transmitting loop is at right angles to the great circle 
joining transmitter and receiver. If the reading of 
the chronograph is observed at this instant of minimum 
signal intensity, it is evident that the bearing of the 
transmitter from the receiver can be obtained by a 
simple calculation. To provide for the case in which 
the observer is due North or South of the beacon, when 
the N signal would probably be inaudible, another 


characteristic signal is emitted after a 90° rotation to 


the corresponding point. Bearings observed from this 
signal as a starting point are evidently subject to a 
correction of 90°. It is to be noted that since the 
radiation from the coil is symmetrical about its plane, 
a second minimum will be obtained after a rotation of 
180° from the first. With the beacon making I revolu- 
tion per minute, therefore, a line bearing is obtainable 
every half-minute. To fix the position of a receiving 
station, it is necessary to obtain line bearings in this 
manner from two or more beacons. 


(2) INSTALLATION AND CALIBRATION OF BEACON. 


This rotating-beacon system of directional transmision 
has been described in the paper by Messrs. Gill and 
Hecht,* together with some of the results obtained in its 
application to the navigation of aircraft. With the object 
of examining the performance of this type of beacon 
from the standpoint of its utility to shipping and 
marine navigation, an experimental beacon station 


* See page 241, 
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was set up by the Air Ministry .at Fort Monckton, 
near Gosport, in July 1926, and loaned to the Radio 
Research Board for the purpose of conducting the 
experiments described in the following paper. Through- 
out the experiments the beacon was operated on its 
normal wave-length of 525 metres. 

The neighbourhood of Fort Monckton is shown in 
the chart in Fig. 1, from which it is seen that the site, 
which was chosen more for its availability and con- 


bearings are subject to a small permanent error which 
is evidently associated with a coastal deviation effect 
similar to that experienced in radio direction-finding. 
When the observations were made in the small open-sea 
sector (approximately 120° to 170°) available from the 
beacon, or in the open sea beyond the Isle of Wight, 
the permanent error was limited to 1° or 2%. Further- 
more, the error was found to be constant within the 
limits of observational accuracy, and a correction could 


TABLE 1l. 


Summary of Observations obtained on a Return Voyage from Southampton to Havre, 6-9 August, 1927. 


- From information supplied by Captain of ship 


‘ Wireless a 
Date G.M.T From Fort Monckton Pop a thc Remarks 
, Position and how obtained beacon 
: | SN Distance Bearing == 
E miles ' degs degs. 
“4/8/27 | 2151 | Southampton Dock  (A.) 14-3 |} 127 126 1.C.W. 
827 0012 | West of Nab (V.B.) 11-5 |- 319 319 C.W. 
0105 (D.R.) 29-0 :| 328 329 C.W. 
01 35 (D.R.) 39-0 329 332 C.W. 
02 05 (D.R.) 49-0 '| 331 331 C.W. 
03 35 (D.R.) 71-0 332 331. C.W. 
04 05 (D.R.) 81-0 ‘| 331 334 C.W. 
04 35 (D.R.) 91-0 330 331 C.W. 
0447 | Nr. Cape La Héve (V.B.) 96-0 330 334 LC.W. 
1638 | Havre (A) | 105-0 328 328 C.W. oe q 
1651 | Havre (A.) | 105-0 328 328 1.C.W. readies 
8/8/27 | 0848 | Havre (A.) | 108-0 328 328 Lcw. | J Mean of 
0933 | Havre (A) | 105-0 328 329 C.W. AgS 
2302 | Cape La Héve (V.B.) 98-0 330 331 - C.W. 
23 35 | (D.R.) 90-0 330 331 C.W. : 
9/8/27 | 0005 | D.R) | 81-0 .| 329 325 C.W. pian 
00 35 (D.R.) 71-0 ‘| 329 331 . C.W. | 
- 0105 | (D.R.) 61-0 329 333 C.W. 
03 35 | (D.R.) 16-0 323 324 - CW. | 
| 0349 | West of Nab (V.B.) 11-5 319 319 | LCW. 
0535 | Southampton Dock (A.) 14-3 127 126 ‘C.W. 
A E EEE IES SEE EI A A A 


(A.) = moored in dock; (V.B.) = visual a (D.R.) = dead reckoning. 
Night effect observed at 80 miles. 

Maximum difference between estimated and observed bearings = 4 deg. at night. | 
Sea moderate throughout. | 


therefore be made. 


venience than for its virtues from a wireless viewpoint, 
provided an opportunity of studying the effect of 
transmission over open sea, along the coastline and 
overland (Isle of Wight) to open sea beyond. Before 
beginning the experiments the scale of the beacon was 
set to give a true wireless bearing at the Horse Sand 
Fort, distant about 3 miles across open sea. A detailed 
calibration of the beacon was then carried out by taking 
bearing observations from fixed points in various 
directions around the beacon as indicated in Fig. 1. 
This calibration showed that when the path of trans- 
mission is partly or entirely overland, the observed 


This was consideted to be fairly 
satisfactory as the above sea areas were sufficient for 
all the experiments necessary in this investigation. It 
may be assumed that a permanent beacon station 
intended for regular working to ships would be located 
on a much better site from Which a large open-sea arc 
would be available, ‘and any ‘permanent errors due to 


coastal effects would be negligible. 


(3) EXPERIMENTS CARRIED OUT AT SEA, 


In order to ascertain the reliability of the rotating 
beacon as an aid to marine navigation, a number of 
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experiments have been carried out at sea under a | the English Channel in which these tests were made is 

variety of conditions. With the kind assistance of the | shown in Fig. 2. 

Southern Railway Co., several trips have been made in Using the ship’s ordinary wireless receiver, observa- 
TABLE 2. 


Summary of Observations obtained on a Return Voyage between Southampton and, Jersev, 20-22 September, 1927. 


From information supplied by Captain of ship Wireless bearings 
Date G.M.T. From Fort Monckton PL a ae Remarks 
Position and how obtained ———_ 4 Fem | syne. 
Distance Bearing 
miles degs degs degs. 
20/9/27 | 2340 | Nr. Solent Banks  (V.B.) | 12-0 | 81 82 81 1.C.W 
21/9/27 00 10 | Inside Needles (V.B.) 21:0 71 71 66 C.W. 
00 40 | Outside Needles (V.B.) | 29-0 59 61 61 I.C.W. 
0110 (V.B.) 37:0 53 56 53 C.W 
01 40 | (D.R.) | 47-0 | 47 49 37 LC.W. . 
0210 | 50° 10.5’ N. (D.R.) | 58-0 | 43 45 46 C.W. = 
2° 0.5 W.. Night , |3 
0240 | 50° 3 N. (D.R.)| 69-0] 41 | 43 40 Low. }|e#ect ph 
92 8.5 W. observed | $ 
04 40 | Nr. Casquets (V.B) | 97-0 | 37 | 39 34 1.C.W. ý 
0510 | Nr. Pt. Fougère (V.B.) | 104-0 | 35 36 36 C.W. 
05 40 | At Guernsey (V.B.) | 111-0 | 34 33 24 1.C.W. 
Mean of 
0610 | At Guernsey (A.) | 111-0 34 34 44. C.W. several 
=< readings 
06 40 | Nr. St. Martin's Pt. (V.B.) | 113-0 | 33 | 34 41 Low. |fSa . 
| moderate 
1040 | At Jersey (A.) | 119-0 | 21 23 |Sigs.too|  1.C.W. 
l weak 
T. s 7 . 
22/9/27 | 0710 Nr. La Corbière (V.B.) | 119-0 | 26 23 Sigs too C.W. ay 
09 40 | Nr. Guernsey (v.B.) | 103-0 | 35 | 35 40 Low, || roush 
1110 | 49° 58’ N. (D.R.) 75:0 39 38 44 C.W. 
2° 12’ W. 
1140 | 50° 8'N. (D.R.) | 62-0 | 42 43 47 1.C.W. 
| 2° 4 WwW, 
1210 | 50° 16' N. (D.R.) 50:0 45 43 59 C.W. 
1° 58’ W. 
1240 | 50° 23'N. (D.R.) | 42-0] 49 50 47 1.C.W. Sea rough 
1° 61’ W. 
13 10 (V.B.) | 43-0 56 55 65 C.W 
13 40 (V.B.) | 34-0 76 57 63 1.C.W 
14 10 | Outside Needles (V.B.) 27:0 65 59 66 C.W 
14 40 | Inside Needles (V.B.) 17:5 76 72 81 1.C.W 
15 FO “| Off Calshot (V.B.) 7-5 93 90 97 C.W 


(A.) = moored in dock ; (V.B.) = visual bearing ; (D.R.) = dead reckoning. 

Maximum difference between estimated and observed bearings on beacon = 19 deg. in daylight. The 
observed bearings have been corrected for land errors in accordance with the previous calibration of the beacon. 

Maximum difference between estimated and direction-finding bearings = 14 deg. in daylight, at the same time 
as the error mentioned in. the preceding paragraph. 

The errors,recorded: ine the two. preceding paragraphs are exceptionally large for daylight working and are 
probably due to inaccurate estimation of the ship’s position. 


that Compa ships between Southampton and Havre, | tions of the bearing of the beacon were made at intervals 
and Southampton and Jersey. Further trials on board during each trip and compared with the bearing as 
H.M.S. “Truant” have also been carried out with the | given by the Captain of the ship. In all cases the wireless 
co-operation of H.M. Signal School. The portion of ' bearings were taken by skilled observers, as it was not 
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thought desirable at this stage to introduce any personal 
errors which might be associated with the various 
ship’s operators. The bearing given by the Captain 
was usually obtained by dead reckoning, although it 
was checked by visual observations when possible. 
The results obtained on the three routes are briefly 
summarized in the following paragraphs. 

(a) Between Southampton and Havre.—On this route 
the transmission path from the beacon to the ship is 
entirely oversea and of almost constant bearing from 
the time the ship passes the Nab Tower until its entry 
to Havre. The difference between the wireless bearing 
and the bearing obtained from the ship's position by 
dead reckoning has ranged up to 9 deg: on the various 
trips, but in the majority of cases these bearings have 
agreed to within 2 deg. As will be explained below, 
there is good reason to expect that in many of these 
cases the wireless bearing is the more accurate, and 
that the larger differences are due to incorrect estima- 
tion of the ship's position. A summary of the results 
obtained on one of several trips is given in Table 1, 
while a graph of the results obtained on another run is 
shown in Fig. 2. All these runs were carried out at 
night and so should indicate the worst conditions from 
the wireless point of view. Referring to Table 1, it is 
seen that the maximum difference between estimated 
and observed bearings is 4 deg., and that in 16 out of 
the 21 cases observed this difference was within 2 deg. 
At distances of 60 miles and over, night effect was 


observed on several occasions in the shape of a blurring. 


of the signal minima and a tendency of successive 
bearings to wander erratically. The existence of this 
night effect, however, did not appear to influence 
greatly the accuracy of the bearings, since the larger 
differences occurred at various ranges from 24 miles 
upwards (cf. Fig. 2). ' 

(b) Between Portsmouth, Fécamp and Owers Light 
Vessel.—Another test in the open-sea arc from Fort 
Monckton was made on board H.M.S. ** Truant” on a trip 
from Portsmouth to Fécamp (see Fig. 2) and back to 
Owers Light Vessel. In this case both trips were made 
in daylight and, with only a moderate sea, the conditions 
were very favourable from the wireless standpoint. 
On both occasions, however, the atmosphere was misty, 
rendering visibility very poor and necessitating the 
navigation of the ship by dead reckoning. Under 
these conditions the difference between estimated and 
observed bearings attained a maximum value of 5 deg. 
Comparing these results with those discussed above, it 
appears that within the area covered by these tests 
the differences in the bearings by night are only slightly 
in excess of those recorded in the daytime. 

(c) Between Southampion and the Channel Islands.— 
On the part of this route between the Needles and 
Guernsey, the path of transmission from Fort Monckton 
to the ship includes about 10 miles of the Isle of Wight 
(see Fig. 2). The outward journey is usually made at 
night and the return by day, so that a good opportunity 
is provided of obtaining some information on night effect 
on the wireless bearings. In some of the tests made 
during September 1926 it was noticed that the wireless 
bearings différed from the estimated bearings by 
amounts ranging up to 12 deg., while at distances 


_ to make a fairly accurate fix by visual means. 
- signs of night effects in the observed wireless bearings 
were definitely encountered at distances of 60 miles 
: and upwards, 
seriously to the differences between observed and esti- 
mated bearings. In 


period of 12 hours or more. 


in ships moored at either Havte or. Jersey. 
. Cases the path of transmission . was. mainly oversea, 


exceeding 50 miles the most obvious signs of night 


errors were experienced in the form of indistinct and 
wandering minima of signal intensity. On some occa- 


sions successive observations gave bearings differing by 
as much as 30 deg., although the mean of a set of 
` observations over a 3-minute period gave a much smaller. 


error. On arrival at Guernsey just before sunrise on 


- one occasion these effects were still present; 20 minutes — 
‘later the conditions had very markedly improved and a 


steady bearing was obtairied only 0-5 deg. in error. 
Table 2 contains 4 summary of the results obtained 


‘on a trip made in September 1927, and the course of 


the run on a previous trip is plotted in Fig. 2. The 
direction-finding bearings recorded in these tables 
will be discussed later in Section (4). Referring to 
Table 2, it is seen that with three exceptions the differ- 
ences between estimated and’ observed bearings are 


: less than 4 deg., although night effects were noticed 


on the outward journey at a range of 69 miles. These 
three exceptions occurred in successive observations at 
13 40-1440 G.M.T. on the inward journey in daylight 
and at ranges of from 34 to I7 miles. In the case of 
the largest difference of 19 deg. it would appear that 
some error has crept into the estimation of the ship’s 
position, particularly since in this case the direction- 
finding bearing is only 6 deg. different from that 
observed on the rotating beacon. The visual bearings 
referred to in this and other tables as the means by 
which the ship’s position was obtained, consisted in 
making observations with the ship’s magnetic compass 
of the direction of fixed buoys, light vessels or land- 
marks in the vicinity. In the*rough sea encountered 
on this voyage it was naturally difficult to make accurate 
observations in this ‘manner. 

(d) General conclusions on observations at sea.—The 
experience gained on the various sea trips, some of 
which are described above, appeared to suggest that 
the bearings observed on the rotating beacon have an 
accuracy somewhat superior to that of the bearing 
obtained from an estimate of the ship’s position, except 
when the ship was in calm weather and it was possible 
Although 


these did not appear to contribute 


order to obtain more definite 
information upon these night errors it was decided to 
study the wireless bearings observed from fixed and 
accurately known positions with the transmission both 


- Over sea and over land. 


(4) Tests CARRIED OUT AT FIXED POSITIONS ON SEA 
AND LAND. 


(a) Description of tests.—In these experiments a 
continuous series of observations was made on the 
beacon from various positions, each :test lasting for a 
The positions were so 
selected as to provide a variety of ranges and also to 
show the difference between transmission over sea and 
over land. Some of the observations were carried out 
-In these 
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although, particularly in the case of Jersey, it con- 
tained a portion overland. With transmission entirely 
oversea from the beacon, further observations were 
carried out on board H.M.S. “ Truant ” while at anchor 
at about 5 miles off the French coast near Fécamp, and 
also at a position near the Owers Light Vessel. Addi- 
tional observations with transmission entirely overland 
were Carried out at o ia Docks, and at Slough 
and Teddington. 

In analysing the : E E T it was decided to 
divide the times of observation into day and night 
periods, 
sunrise until 2 hours before sunset. -This mode of sub- 
dividing the 24 hours has been found to be valuable 


in previous work on wireless direction-finding. Utilizing. 


this mode of subdivision, Tables 3(A) and 3(B) give a 
summary of all the results obtained during the tests 
under discussion. . 

(b) Day observations.—An analysis of the day readings 
showed that the error of the mean observed bearing 
varies with the direction of transmission in the manner 
already described in Section (1). Also for ranges up to 
56 miles the maximum departure of the observed 
bearings from their respective means is. 3 deg., and 
up to the maximum range of 119 miles the greatest 
deviation from the mean is 6 deg. Table 3(A) further 
shows that, in all save one case, 100 per cent of the 
bearings are within 5 deg. of the mean, while in most 
cases over 90 per cent of the observations agree within 
2 deg. of their respective means: There also appears 
to be no essential difference between the results obtained 
on C.W. and 1.C.W, transmission. 

(c) Night observations.—-A summary of the night 
readings is given in Table 3(B),. from which it will be 
seen that in the case of the tests made at Southampton 
and Owers the accuracy of the observations is similar 
to that obtained in the daytime, for in both cases over 
90 per cent of the observations are within 2 deg. of the 
mean, while the maximum departure in either case is 
4 deg. It may therefore be concluded that for a range 
of 23 miles oversea and 14 miles overland there is no 
evidence of the existence of any night effects observed 
on the beacon. At Slough and Teddington it is evident 
that the night errors have become very serious for a 
range of overland transmission of about 55 miles. 
The maximum variation of observed bearing from the 
mean in either case is seen to be in the neighbourhood 
of 30 deg., although Table 3(A) shows that this. variation 
is less than 10 deg. in 86 per cent or more of the 
observed cases. 

In the case of Ganne entirely oversea for a 
distance of 92 miles, as represented by the observations 
at Fécamp, the deviations from the mean amount to 
12 deg., although it is to be noted that in from 79 per 
cent to. 89 per cent of the cases observed the deviation 
was less than 5 deg. It is thus to be concluded that 
transmission over a distance of 92 miles entirely oversea 
gives rise to much less serious. night errors than trans- 
mission for a distance of 55 miles overland. 

The results taken in Havre show slightly greater 
variations in observed þearings than those obtained at 
Fécamp, owing partly te the increased range and partly 
to an intervening 3 miles of land.near Havre. In the 


the day period lasting from 2 hours after 


case of both C.W. and I.C.W. transmissions, however, 


it is seen that 97 per cent of the bearings show a varia- 
tion from the mean of less than 5 deg. 
The greatest range of transmission was obtained 


‘with the receiver at Jersey when the distance was 


119 miles, of which 31 miles was overland. In this 
case the greatest deviations were 55 deg. and 17 deg.: 


for C.W. and I.C.W. transmissions, although the pro- 


portions of deviations exceeding 5 deg. were only. 
16 per cent and 11 per cent respectively. In this 
example the errors with C.W. transmissions appear to 
be somewhat greater than with 1.C.W. transmissions, but 
it is not considered that the difference is very material. 


when the possible errors with either system are in: 


excess of 15 deg. 
A feature of night effect which is encountered in 


_direction-finding is a broadening of the signal minima ; 


a similar occurrence has already been recorded in con- 
nection with the observations. on the rotating beacon 
discussed in the previous Section. In the extreme case 
this blurring becomes so marked that it is impossible 
to locate any appreciable change in signal intensity at 
the receiver as the beacon rotates. Such a phenomenon: 
has been met with once or twice in the tests discussed 
above when the distance was over 90 miles oversea. 
It has been a much more frequent occurrence, however, 
in the observations made at Slough and Teddington. 
In the worst case, 12 per cent of the possible observa- 
tions were missed owing to the occurrence of this 
“no minimum” feature on C.W., while the corre- 
sponding figure for 1.C.W. transmission was 6 per cent. 
Also, during some of the observations made at Slough 
the received signals passed through four and even six 
minima during one rotation. The theoretical explana- 
tion of this occurrence is discussed in the paper by 
one of the authors entitled, ‘‘ A Theoretical Discussion 
of Various Possible Aerial Arrangements for Rotating- 
Beacon Transmitters.” * 

(d) Conclusions.—From the results of the tests 
described above, the following conclusions may be 
drawn as to the bearings observed on the rotating 
beacon at fixed receiving positions from «which the 
bearing of the beacon could be accurately located. It 
is to be assumed that the mean bearings could be cor- 
rected in accordance with the calibration curve of the 
beacon. 


(i) The maximum error in the observed bearing by 
day at distances up to 56 miles overland or 
92 miles oversea is 6 deg.; generally all the 
bearings are correct to within 5 deg., while 
from 63 to 100 per cent are correct to within 
2 deg. At shorter distances up to 23 miles 
over 85 per cent of all observed bearings are 
correct within 2 deg. 

(ii) When the observations are carried out at night 
the above accuracies are maintained for dis- 
tances overland of 14 miles and oversea of 
23 miles. 

(iii) At distances of 92 miles entirely oversea, night 
errors in bearing having a maximum value of 
18 deg. may be encountered, but still it is 


* See page 370. 


263 


THE ROTATING-BEACON TRANSMITTER TO’ MARINE NAVIGATION. 


O-9T +| 0-43 | O-3— | 0-913 | 36€ |F-ZE+] 9-€9 | O-3— | 0-913 | TIF 9 9-99 | — | 9-99 | o-stz J °° *: U033UIPPOL 
0:38 + | o9 | 0-1+ | 0-806 | soz [0:13 +| 0-49 | 0-0 0-L03 | OSI g 0-99 a 0-99 | 0-203 | °° n "*  y3nols 
8:3 +| 8-7 O-F— | 0-863 | SLT |973 —| 8-5 0-#— | 0-863 | 961 I + 0-£3 | 0-£3 | 0:63 | **19559A 14817 SISMO JEON 
0:31 — | 0-13 | 0-0 | O-91E | 181 [0:3T—| *%-03 | 0-0 o-sIg | TAL I = 0°36 0-36 o-9te | °° (3 sog) dues BO 
0-81 — | 9-43 | 2-0 + | OZI | 681 [0:91 —| 0-43 | 9-O+ | O-ZIE | SFI I == 9-36 | 9-36 | g9-tte | °°  (T'soq) dues JO 
0r +| 0-9 9-9 — | 0-331 | 99 |0-€ —| 8+ 9-9+— | 0:-€3T | 89 Z € -PI — | £p 9131 | °° Aen aoydureq3nog 
O-LI—| 0-08 | 0-3 + | 0-8 96 |0-99+]| 0-84 | O-3+ | 0-82 80I 3 TE 88 611 | 0-13 |“: Gi Aeng Aossof 
O-LI +) 0:13 | og + | O-1€€ | 891 [0:13 +! 0:43 | 0-3+ | 0-O88 | 09€ y € ZOI SOI | o-sce | y Aen savy 
*sdep *s33p "sp . "s39p "s39p *sdep "s33p *s23p sau səjpur sopu: *s33p 
plo JU9JX E pee 3 ae suon woy | wor” pect UPA suon 
JULIA TE swng |. D ponzasqo | puer 1240 | eos 2040 [e301 
0 | 29qUINN xoqany | 93 | de uopsatasqo JO uopjsod 
UORELEA Fune>g TOREA Surreog at om 
JOQUINN 
S2ABA SNONUTJUO9 p9IdN1I93UT SOAP SRONUJUOS) 
PUDT PUD DIS 4900 UOISSIMSUDA] 40f 1N AQ Stog paxty qm apous SUORDASISQO fo Aavmuns 
(e atavy 
001 66 36 69 368 | 66 96 84 es 11? 001 oor | TL 001 oor 36 |“ e ** * WoUUIppeL 
66 96 38 6f £03 86 98 99 I£ | 081 001 001 39 oor oor 6? pe a E "* quos 
001 oor OOI | . 86 SLI 001 | OOT 001 | 96 961 00T | 98 8? | oor L6 ese ** [96894 IIVI SISMO IVIN 
oor 86 68 19 IST 001 L6 | #78 cg T9T oor 16 9F 86 36 €9 os > (3 "sog) dwe JO 
001 66 #8 Lv 681 001 | £6 6L OF GPT oor L8 ST 001 £9 0€ "s "+ (T ‘sog) dures9.7 BO 
001 oor oot 16 99 oor oor 001 £6 89 001 001 FI oor OOT 8£ E *+  AenG uozdureg3nos 
- 001 86 68 SL | 96. 86 +6 8 69 801 | 001 #8 dp 00T | £6 99 es "* - Aeng Aossof 
O01 86. | 86 6L 891I 001 001 L6 L8 09€ ool +6 10 001 96 831 | °° ae + Aen 9IAtH 
% %- % % 1 % . % o% -H % % % % 
QUZIOHIP | 9DUIISYTP | UAP | VVIP on 3JUIISDTP | IDUIIANTP | OWP | Hup Soes SIMIL. | HUITFP usa JUI IIP [VWP aaea 
03 > o0T > of > o> 3O 03 > OT > 2 > o8 > J 2 > oo > jo of > oo > jo ` 
I9QUINN a,b J9QUINN 29qUIIN J9QUIAN 
l E UOJJEATI5QO JO UOROJ 
SOAEM SNONUTJUO) poydn179;UY SABA SNONUIZUOS - S3ABA4 SNONUT}UOO PNÄNIINUI S2ALM SGONUIUO,) 
IH9IN avd 


*sdutsvag porsosqo fo suvar wosf sasuasaffiq fo sadvjusssag 


‘(ye aav 


264 SMITH-ROSE AND CHAPMAN ; 


EXPERIMENTS ON THE APPLICATION OF 


_to be noted. that over 84 per cent of the 
observed bearings are correct within 5 deg. 
At distances exceeding 100 miles oversea the 
errors become more serious. 

(iv) At distances of 55 miles overland the errors are 
much more serious at night and may range 
up to 32 deg., while only 66 per cent of them 
may be correct to within 5 deg. 

(v) It is further to be noted that the mean bearing 
at any position is practically the same for day 
or night working. This implies that the syste- 
matic error of the night variations is very 
small, so that the effect of the errors mentioned 
in (iii) and (iv) may be largely compensated for 
by taking the mean of a number of successive 
bearings. 

(vi) As far_as the distances at which night errors are 
encountered are concerned, there is practically 
no difference in transmission on continuous and 
interrupted continuous waves. In some, but 
not all, cases the errors with C.W. are somewhat 
more serious than with 1.C.W. 


- Owing to the difficulty of anchoring a ship in a fixed 
position at a considerable distance from land for a 
period of 12 hours or more, it has not been possible to 
fill in the gap which occurs in these tests between dis- 
tances of 23 and 92 miles, all oversea. Reference to 
the previous Section, however, will show that no 
evidence of night effect was observed in the cross- 
channel tests at any distance less than 60 miles. It 
seems reasonable to infer, therefore, that the reliability 
of the bearings at 23 miles, as recorded in (i) and (ii) 
above, is maintained up to distances of 50 or 60 miles 
so long as the path of transmission is entirely oversea. 
Under these conditions we may expect that about 
85 per cent of all observed bearings will be correct to 
within 2 deg. and be subject to a maximum error of 
6 deg. At larger distances night errors begin to be 
encountered but do not become serious until the oversea 
range is in excess of 90 miles. 

This conclusion may be compared with the somewhat 
similar one contained in the following quotation from a 
paper * by one of the present authors, describing 
experiments made a few years ago to test the reliability 
of wireless direction-finding oversea: ‘' When, how- 
ever, the transmission is entirely over sea, so as to be 
well clear of any land effects, the accuracy of observed 
bearings is maintained within the limit of 2 deg. for 
night as well as for day working at distances approach- 
ing 60 miles; and eyen up to 100 miles over 90 per 
cent of bearings are correct within 2 deg., the limiting 
error under ordinary working conditions being about 
4 deg.” Such accuracies refer to the bearings obtained 
at a land direction-finding station, and are superior to 
those obtainable with a ship direction-finding installa- 
tion, a matter which is discussed in Section (5) below. 

' The similarity between the effects encountered in 
bearings observed on a rotating beacon and on a direc- 
tion-finder is discussed in the next ‘paper, and the 
marked agreement between theory and experiment in 


i 
' * R., L. Suitn-Rose : * Some . Radio Direction-Finding Observations on 
Ship: and Sbore ‘Transmitting Stations,” Journal IL.E.E., 1924, vol. 62, p. 710. 


the two cases is worthy of notice as indicating the 
validity of the explanation of night phenomena in 
wireless communication. 


i 
(5) COMPARISON OF BEARING OBSERVATIONS BY 
BEACON AND BY DIRECTION-FINDER. 


With a view to obtaining experience! on the relative 
merits of the rotating beacon and the direction-finder as 
a means of obtaining wireless bearings, a direct com- 
parison of the two systems has been carried out under a 
variety of conditions. 

(a) Day tests at various positions. —In the first place, 
tests have been made with two sets of portable apparatus 
at different positions on land. At each site a simple 
receiver with a vertical ‘aerial was employed for the 
reception of the signals from the rotating beacon. 
Adjacent to-this, but at a sufficient distance to avoid 
mutual interference, a single-frame coil direction-finder 
was set up for the purpose of taking ordinary direction- 
finding bearings while the beacon loop was fixed with 
its plane approximately in the direction of the receiver. 
As a further precaution against producing: a spurious 
reading on the direction-finding set the vertical aerial 
was. disconnected during the taking of bearings by 
direction-finder. As far as was practicable a favourable 
site was chosen on each occasion so as to reduce the 
possibility of local errors occurring on the direction- 
finder. The accuracy of setting the direction-finder by 
the aid of a prismatic landing compass is considered to 
be within 0-5 deg. 

A summary of the results obtained ‘in these experi- 
ments is given in Table 4. From this it is seen that 
the error of the mean bearing observed on the direction- 
finder is generally different from the error of the bearing 
observed on the rotating beacon for each position, but the 
range of errors on the two systems is of about the same 
order. These errors are undoubtedly due to deviation 
of the waves at the boundaries between land and sea, 
and it is to be notéd that the direction-finding errors 
are in general of the correct sign and magnitude to be 
in accord with previous experience on the effect of 
coastal refraction in radio direction-finding. It is 
thought that the above results indicate the possibility 
of the reflection, as well as of the refraction, of waves 
at a coastal boundary, and that the rotating beacon 
provides a useful means of investigating this pheno- 
menon since it can be used as a “ null” method for 
transmission in the desired direction. 

(b) Day and night errors compared.—The next tests 
were carried out with the object of studying the varia- 
tions in bearings observed with the two systems over 
periods of from one hour upwards. Two sites were 
selected for these: the first was at Slough, where a 
single-frame coil direction-finder was used in conjunc- 
tion with another receiver working on a vertical aerial ; 
the second was at St. Helier's Quay, Jersey, where 
observations were made in one of the Southern Railway 
Co.'s ships, using the Marconi-Bellini-Tosi direction- 
finder and the ordinary aerial respectively as fitted on 
that ship. | 

The day readings showed that the observed bearings 
have about the. same accuracy for the two systems, and 
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also that similar results are obtained with C.W. trans- 
mission as with I.C.W. 

At night time it was found that the variations in 
Observed bearings were quite serious in all cases; 
these are summarized in Table 5(A). The extent of 
the variation ranges from 20 deg. to 57 deg. in the case 
of the rotating-beacon bearings, and from 69 deg. to 
130 deg. in the case of the direction-finding bearings. 
Table 5(B) shows that even under these conditions 
over 86 per cent of the bearings taken on the rotating 
beacon are.in error by less than 10 deg., while in the 
case of the direction-finding bearings over 62 per cent 
are in error by less than 10 deg. From the same table 
it appears that the errors are sometimes, but not always, 
more serious on C.W. than on I.C.W. transmissions, 


Observed bearing, in degrees 


True bearing 218° 


210 


0300 0320 0340 


A 


uss f TEREN TA B On i AS rial at Teddington 
Ra A E O E li a 
de PS A O D A 


tions, both systems of obtaining wireless bearings are 
subject to night errors of the same serious order. It is 
to be noted, however, from Table 5(A) that the mean 
bearing at night agrees within 4 deg. with the true 
bearing, so that one method of mitigating the effect of 
night variations is to take the mean of a number of 
successive bearings. A theoretical discussion of the 
possible methods of eliminating these errors is given in. 
the following paper. 

(c) Comparison tests at sea. de of the test-runs 
made in ships between Southampton and Jersey, dis- 
cussed in 3(a) above, were carried out in one of the 
Southern Railway Co.'s ships, which is fitted with a 
Marconi direction-finder using fixed-frame coils on the 


Bellini-Tosi system. With the assistance of the Mar- 


l 
{ 


by D: F. beacon f ixed) 


Bearin 7 on coil receiver at Sloug 
by rotati ee 
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Time, G.M.T. 
i Fro. 3(A).-—Observations on Fort Monckton rotating beacon at night, taken at Slough and Teddington, 
m.) 


8th March, 1927. 


but that the difference is not consistently marked. 
Night variations in direction-finding bearings have been 
studied at considerable length, and reference may be 
made to a recent publication * for further discussion of 
this subject. It is now well known that these errors 
are due to the reception of waves from the transmitter 
deflected in the upper atmosphere, and it is realized 


that in the results quoted above the variations on the 


direction-finder are exaggerated by the fact that the 
loop transmitter radiates very much more to the upper 
atmosphere than is the case with a vertical aerial. 
‘Graphs showing the manner of typical variations taking 
place on the two systems are shown in Figs. 3(A) 
and 3(B). 

The main conclusion to be drawn from the results 
discussed in this Section is that, under the same condi- 


* R. L. Smitn-Rose: “A Study of Radio Direction-Finding,” Radio 
Research Board Special Report No. 6, 1927, . 


(Continuous waves, À = 525 


coni International Marine Communication Co. and the 
Southern Railway Co. the opportunity was therefore 
provided of comparing the two systems of obtaining 
wireless bearings under actual sea-going conditions. The 
results obtained on one of two trips, in which observa- 
tions were made successively on the rotating beacon and 
on the direction-finder with the beacon fixed in the 
maximum signal position, are given in Table 2, to 
which reference was made in Section (3). 

On a previous trip it was found that the direction- 
finding bearings agreed with the estimated bearings to 
within 5 deg. On two occasions, however, it was found 
that errors of 10 deg. and 11 deg. were experienced at 
ranges of 114 and 14 miles respectively. It is thought 
that a portion of these errors, but probably not more 
than 3 deg. or 4 deg., is due to a land deviation effect 
which is difficult to compensate for on a ship direction- 
finding set. During the same run, the rotating beacon 
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bearings showed a maximum departure of 4 deg. from | instantaneous direction of the ship’s-head. In the ship 
the estimated bearing. . ' - employed in these tests the direction-finding set is 
In Po for an explanation oí the larger errors | Operated from the Wireless room and on a signal being 


MEN, ENERE : ENTEN Beatings a Slough 
525 metres i {ot ote] 47] mi by D.F. (beacon fixed) 
| S a] 


280 


e 
è 
e a 
. 


0 a TS A EA jt 
ro de M 
. — . 
E 


— eee eae eae 
a S Ss ee A 


Bearings on coil receiver ' 
at Slough by ai beacon}; | 


æ e 
. — —* e e, E EY 
. e 
° > DE 
, 
. 


Observed bearing, in degrees. 


Bearings on aerial a 
lough by rotating beacon 


ERE AE 
O O 
Pe 


2300 0000. 0100 030 0500 
Time, G.M.T. i 


Fic. 3(B).—Observations on Fort Monckton rotating beacon at night, taken at Slough 26th and 27th August, 1927. 


given to the bridge the compass reading is taken by. 
one of the ship’s officers. In anything but a very calm 
sea it is naturally difficult to keep the ship’s head 
steady to within 1 or 2 deg., and in a rough sea the 


above, it is to be remembered that the direction-finding 
bearing is observed relative to the ship’s head and that, 
therefore, the accuracy of the bearing is limited to the 
accuracy with which the ship’s compass indicates the 
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swing may amount to 5 deg. or more. Also there is 
probably a lag between the actual direction of the 
ship’s head and the reading of the compass. Finally, 
unless it is calibrated at frequent intervals, it is doubtful 
whether the reading of a magnetic compass is accurate 
to within 2 or 3 deg. over all parts of the scale. These 
considerations may result in the accuracy of a ship 
direction-finding installation being appreciably inferior 
to that of a similar apparatus on land. The errors 
due to the above cause will probably decrease with an 
increase in the size of the ship, but the ship mentioned 
above is typical in size of many which will, in the 
future, utilize wireless bearings for navigation. It is 
also to be remarked that the ship direction-finding set 
is subject to a quadrantal error, for which correction or 
compensation is necessary. 

On the other hand the rotating-beacon method of 
obtaining wireless bearings is free from all these .objec- 
tions. Except for the interfering effects of noise and 
general vibration, the accuracy of the observed bearings 
is the same whether the ship is in dock or at sea. 

The above conclusions are considered to be largely 
confirmed by the results of a second trip as re- 
corded in Table 2. In this case a rough passage was 
encountered in both directions and, due to the erratic 
motion of the ship, many of the direction-finding 
bearings suffered in accuracy. Errors up to 10 deg. 
were recorded on the outward journey; one of these 
occurred while the ship was moored at Guernsey and 
was possibly due either to night effect or to a local 
error while in the harbour. The return trip was made 
in daylight and while in the open sea an error of 
14 deg. occurred at 1210 G.M.T. In the position indi- 
cated at 1340 G.M.T. it is seen that the bearings by 
the rotating beacon and by the direction-finding set 
differ by 19 deg. and 13 deg. respectively from the 
bearings obtained from the ship’s position at a range 
from Fort Monckton of only 34 miles. Since the 
weather was very bad on this occasion it seems reason- 
able to conclude that the estimated bearing is some 
12 deg. or 15 deg. in error, and that both the wireless 
bearings are superior in accuracy to that obtained by 
other navigational methods. The agreement shown in 
the remaining cases between the bearings by the rotating 
beacon and those obtained from the ship’s estimated 
positions appears to show that the latter are, on the 
whole, fairly accurate. 


(6) CoNCLUSIONS. 


The above paper described a series of experiments 
which have been carried out on a rotating-loop beacon 
transmitter installed for the purpose at Fort Monckton, 
near Gosport. The beacon was identical with the type 
already in use by the Air Ministry, and the object of 
the present investigation was to study the performance 
of the beacon when transmitting over land and sea, 
and particularly to ascertain the reliability for marine 
navigation purposes of wireless bearings taken with the 
aid of this beacon under a variety of conditions. 

A calibration was carried out at fixed points in 
various directions around the beacon and at distances 
from it varying from 2 to 60 miles. This calibration 


showed that the bearings observed on the beacon are 


subject to a permanent deviation due to land effects, 
the magnitude of this deviation varying with the 
direction of transmission. Over the small open-sea 
sector available from Fort Monckton this permanent 
deviation is limited in value to 1 or 2 deg. 

A series of tests, carried out in various cross-channel 
ships between England, France and the Channel 
Islands, showed that for clear open-sea ranges up to 
50 or 60 miles the observed wireless bearings from the 
beacon agreed within an extreme limit of 5 deg. with 
bearings estimated by other navigational methods ; 
and in about 70 per cent of the cases the agreement 
was within 2 deg. In subsequent experiments it was 
shown that from ships at anchor at distances of 90 to 
100 miles the wireless bearings observed in the daytime 
agreed within 4 deg. of the bearing calculated from the 
ship’s position. At distances exceeding 60 miles, 
however, wireless bearings from the rotating beacon 
were found to be subject to night effects similar to 
those experienced in wireless direction-finding. The 
errors resulting from these effects were not found to be 
very serious until the range of transmission exceeded 
90 miles oversea, beyond which the errors of individual 
bearings amounted to 18 deg. Even in these circum- 
stances, however, a moderately accurate bearing can be 
obtained by taking the average of a series of conse- 
cutive readings over an interval of 10 or 15 minutes. 
The minimum range at which night errors were 
encountered was considerably reduced when the trans- 
mission was entirely or partly overland. Within the 
range of reliable working, the accuracy of the observed 
bearings was found to be sensibly the same whether 
C.W. or I.C.W. transmission was employed at .the 
beacon. 

Taking the somewhat conservative figure of 50 miles 
as the reliable working range of the beacon for accurate 
bearings by both day and night, it was found that the 


_ present beacon gives adequate signal strength to a 


typical ship's receiver for observation at this range, 
except in the most unfavourable conditions of heavy 
interference. 

In the course of the investigatior a comparison has 
been made between the bearings observed on the 
rotating beacon and those obtainable with a direction- 
finder used in the ordinary manner. When used in 
fixed positions on land the direction-finder gives a 
somewhat superior accuracy, as it is not easy to obtain 
bearings on the rotating beacon to an accuracy of less 
than 2 deg., whereas a good land direction-finding 
station should give bearings reliable to 1 deg. As is 
well known, however, the land direction-finding station 
is subject to errors due to local conditions which neces- 
sitate its frequent calibration, but the observed bearings 
from the rotating beacon have been shown to be largely 
immune from conditions local to the receiver. When 
the wireless bearings are taken on board a ship at sea, 
however, the case is somewhat different. The direction- 
finding bearing is taken relative to the direction of the 
ship’s head, and its accuracy depends upon the steadi- 
ness of the ship and also upon the accuracy with which 
the ship's head is given by the compass reading at any 


. desired instant. The bearing obtained by the rotating 
beacon is entirely free from this limitation. and its 
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accuracy is practically the same whether the ship is at 
sea, in motion or at anchor, or in dock. Furthermore, 
no correction or compensation corresponding to the 
quadrantal. error associated with the ship direction- 
finder is necessary. ' The limitation of range of accurate 
bearings. due to night effect has been shown, both 
theoretically and experimentally, to affect both systems 
to the same degree. 
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SUMMARY. 


In the following paper three arrangements for a rotating- 
beacon transmitter are discussed from the theoretical point 
of view. These three systems are the single coil, the double- 
spaced coil, and the Adcock aerial arrangement. 

In the case of the single-coil system it is shown that under 
night conditions, when wireless waves can be deflected from 
the upper ionized layer, the signal minimum as observed at 
the receiver can occur at such times during the rotation of 
the coil as to indicate an error in the observed bearing ranging 
up to 80 deg. It is shown that this error is of the same 
order as that observed on an ordinary direction-finder under 
similar conditions. 

The treatment of the arrangement of two co-planar spaced 
coils, as sometimes employed for directional reception, shows 
that, while the time of occurrence of the minimum giving 
the correct observed bearing remains unaltered during all 
conditions of ‘night effect and downcoming waves, other 
secondary minima may be obtained under these conditions, 
the observed bearings on which may be in error by the same 
amounts as those obtainable with the single-coil transmitter. 
As the observer at the receiver will, in general, be unable to 
distinguish between the main and the secondary minima, 
this double-coil system would appear to possess nearly the 
same liability to error as the single-coil system. The possi- 
bility of the two minima occurring close together will also 
detract from the accuracy of observation of the main mini- 
mum, even supposing it could be distinguished from the other. 

The third case to be considered is that proposed by Mr. 
C. E. Horton, viz. the use of the Adcock aerial system as a 
rotating transmitter. With this arrangement it is shown 
that a signal minimum is produced when the plane containing 
the pair of vertical aerials, or their equivalent in space, is 
perpendicular to the direction of the receiver. This minimum 
remains unaltered in the presence of downcoming waves at 
night, and as no secondary minima occur it appears that this 
system will give correct bearings at all times when the signal 
is strong enough for observation. . 

In searching for a type of rotating-beacon transmitter 
upon which the observed bearings are independent of night 
errors, it would appear that the Adcock arrangement is the 
most hopeful; and it is, therefore, proposed to consider this 
system in more detail from the practical standpoint. 


(1) SINGLE RoTATING-CoIL TRANSMITTER, 


(a) General equation for radiation.—The conditions of 
this case are represented in Fig. 1. A plane vertical 
square coil of side a rotates uniformly about a vertical 
axis. In accordance with the usual practical con- 
ditions, it may be assumed that the side a of the coil is 
small compared with the wave-length A and that this 
in turn is small compared with the distance d between 
transmitter and receiver. Although it may not be 
strictly true in the practical case, it is further assumed 


in the following analysis that the oscillatory current is 
uniformly distributed round the coil. 

The intensity of the magnetic field in the waves 
radiated from the coil can then be expressed in the form * 


H, = = Vi(cos? a + sin?asin?B)] . . (1) 


In the horizontal plane, i.e. along the ground, B=0 
and this equation reduces to the ordinary cosine law 


H 
Ai, o) = 7 O82 © 2 « © (2) 


i.e. the intensity of the radiated field passes through 


R 


Fic. 1.—Single-frame coil transmitter at O. Receiver at R, 
distance d, orientation a, and elevation $. 


zero when a = ¿77 (2n + 1), or when the plane of the 
coil is perpendicular to the direction OR, 

When, however, B is not zero, the radiated field is 
given by equation (1), and is thus never zero. 


For example, when a = ¿7, Hip = Z sin B 


i.e. the field radiated from the coil increases from zero 
along the ground to a maximum value of Hjd in a 
vertical direction, At any fixed elevation $ the radiated 
field passes through a minimum value of (H/d) sin B for 
values of a = in; thus signal minima only and not a 
zero of intensity will be observed when the plane of 
the coil is perpendicular to OR, This fact is important 


* W. H. Murruy: ‘‘ Space Characteristics of Antennz,” Journal of the 
Franklin Institute, 1926, vol, 201, p. 420. 
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as indicating that absolute zeros are unobtainable in the 
air when receiving from a rotating beacon on the ground. 

It is to be noticed that while the waves radiated from 
the coil must be plane polarized, the plane of polarization 
is different according to the various values of a and $. 
Along the ground ( = 0) the waves are, of course, 
vertically polarized, i.e. the electric force is contained 
in the vertical plane of propagation. In the -plane 
a = þr, on: the other hand, the waves are horizontally 
polarized, so that the electric force is horizontal for all 
values of $. 

(b) Reception of direct and indirect waves from rotating- 
coil transmitter.—Let the state of affairs be as depicted 
in Fig. 2. The receiver R situated on the earth’s surface 
receives two sets of waves from the transmitter at O; 
one direct wave which has travelled along the ground, 
and one indirect wave which arrives in a downward 
direction after deflection from the upper ionized layer. 

The field in the direct wave can be represented in the 
form. 
K,H 


Hy = 7 “osa 


12m | 
97 cos wtcosa  . . . (3) 


where K, is a factor giving the attenuation of the wave 
due to losses in the ground, and Hp is the maximum value 
of the field H, which is assumed to be of sine wave-form. 

. The indirect wave may be assumed to have travelled 
with a loss factor K,, which includes that involved in 
deflection at the upper layer, and to be arriving with 
its plane of polarization vertical, and with a phase ¢, 
relative to the direct wave. Thus 


a 
=> 


H,= “sit cos (wt+- h4) (cos? a +sin? a sin? B)+ ' (4) 
On reaching the ground, this wave will give rise to a 
reflected wave, Hg = pH}, where py is the coefficient 
of reflection of the ground for vertically polarized waves 
arriving at an angle of incidence (90”-B). Now the 
waves whose field intensities are represented by H, and 
Hg are travelling in a direction B to the horizontal, and 
their effect on a vertical receiving aerial will be repre- 
sented by their components travelling horizontally, 


ie. (Hg + Hs) cos B 
“= H,(1 + po) cos B 


Thus the total effective field acting on a vertical receiving 
aerial at Ri is given by the equation 


Ha = H, + (Hq + Hs) cos f 


KeHm 
IV + 
(1 + pp) cos B cos (wt + $) 
(cos? a + sin? a sin? B)t . (5) 


When K, = 0, as is the case in the daytime, this equa- 
tion reduces to the form of (2), indicating that single 
zeros are obtained for values of a = jor or }(37), i.e. 
correct bearings are observed on the rotating coil. In 
the general case at night, however, K, will not be zero 


K, 
Hp = aT OS we cosa + 


and the received signal intensity will thus be determined 
by equation (5). 

It is evident from this equation that when the coil is 
in the position a = 47 the received signal intensity is 
not zero and not necessarily passing through a minimum. 
Hence any bearing observed on the rotating-coil trans- 
mitter under such conditions will be subject to some 
error. To ascertain the order of this error we may see 
from equation (5) that the received signal will pass 
through zero when ¢, = a and 
Kı Ky(1 + po) 

y osa = JEF A 

This equation is most easily solved by inserting 
typical values of the various constants involved. It is 
thought that the best method is to take a case in which 


cos B (cos? a + sin? a sin? B)t (6) 
i} ; 


actual measurements on downcoming waves have been 


made, and then compare the error observed on the 
rotating-coil transmitter with that obtainable on a 
single-frame coil direction-finder under the same con- 
ditions. 

(c) Comparison of night error due to downcoming waves 
with votating-coil transmitter and with ordinary direction- 
finder. 

(i) Overland.—In the case of ordinary transmission 


Ionized layer 
> 
+ 
ev 
Y 
A; A y G 
i 
l 
e 
“Lar 21 


Fic. 2.—Reception at R of direct and indirect waves from 
coil transmitter at O. 


01/49 


from Bournemouth to Slough, a distance of e 80 
miles overland, measurements at the latter station * 
have shown that under night conditions indirect waves 
arrive at an average angle of incidence of about 30°, 
i.e. B = 60°. 

The mean intensity of the indirect waves is about 
0-5 times that of the direct waves. 

The reflection coefficient of the ground is about 0-9 
for wave-lengths of 300 to 600m, and an angle of 
incidence of 30°. From these data we get 


ost 
a aa 


So that from equation (6) we have the condition for 
a signal zero given by 


cosa =0:5 x 1:9 x 0-5 (costa + sinta x 0-75)+ 
tana = 2:14 


whence a = 65°. 


Since a should be equal to 90° for a correct bearing, 
the error in the above case is.25°. 

Under the same conditions, but with the downcoming 
waves polarized horizontally instead of vertically, the 
error in apparent bearing observed on a closed-coil 


* R. L. Surra-Rose and R. H. Barrretp: “An In gation of Wireless 
Waves arriving from the Upper A Proceedings 0 Royal Society, A, 
1926, vol. 110, p. 580. 
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direction ander can readily be shown to be given by 

the equation 

Hall + pa) 
H 


1 


tan y = cos 8 


where y = error in observed bearing, 

h = coefficient of reflection of the ground for 
horizontally polarized waves, and 

0 = angle of incidence of the downcoming 
waves. 


Substituting the values employed in the two examples 
given above we have 
tan y = 0-5 x 1-9 x 0:5 
= 0-48 


whence y = 26°. 


- (ii) Oversea.—If the above conditions were changed 
from overland to oversea, it is known from measure- 
ments that the maximum error observed on the direction- 
finder would be about 2 deg. 


Le. tan y = 0-035 
H,(1 + pn) 


Therefore cos O = 0-035 
1 
ña = A (since pp = 1-0 for sea water) 


= 0-020 
In equation (6), therefore, we may use the value 0-020 


K 
MEE T in order to determine the 
error Observed on the rotating-coil transmitter for a 
range of 80 miles oversea under night conditions. 


for the ratio 


Thus cosa = 0:020 x 2 x 0-5 (costa + 0:75 sin? a)t 


tana = 36.5 
a = 88° approx. 


whence 


Hence error in observed bearing = $r — 88° = 2°. 

We thus see that under similar conditions and for 
transmission over land or sea, observations made on 
the rotating-coil transmitter are liable to errors of the 
same order as those experienced in the ordinary use of 
a closed-coil direction-finder. This implies that for 
navigation purposes the rotating beacon should be free 
from serious night errors at ranges up to about-80 miles 
when the transmission is entirely across open sea. 
When land intervenes, or when the distance is greater 
than the above, the resultant errors at night are liable 
to become very serious. 

The similarity between the variations in bearings 
experienced at night with a closed-loop direction-finder 
and by the rotating beacon. is illustrated by the typical 
results given in Figs. 3(A) and 3(B) of the prévious paper.* 
In these diagrams it is to: be noted that the bearing 
errors from the rotating beacon are more serious when 
the reception is carried out on a closed loop than on a 
vertical aerial. This is due to the fact that for waves 


* See page 256. 


arriving in a downward direction the resultant ‘horizontal 
magnetic field at the earth’s surface is greater than the 
resultant ‘vertical electric field,* and thus a vertical 
closed loop is more susceptible to the effect of the 
downcoming waves than a vertical aerial. Furthermore, 
since it is known that the downcoming waves are con- 
tinually changing in intensity, phase and polarization, | 
the conditions for a zero resultant field'in equation (5) 
will be varying during the rotation of the beacon, and | 
thus three or more minima may be experienced in the | 


ee 
Pa A > 

a a 
- a a 

E E a > 
AA 
a E E ae ee 
2.1 


Fic. 3.—Transmitter formed of two co-planar coils about a 
central vertical axis at O. Receiver at R, distance d, 
orientation a, and elevation B. 


course of one revolution at night, as has been experienced 
in some of the observations carried out at Slough. 


(2) DOUBLE RoTATING-CoIL TRANSMITTER. 


In 1925, H. T. Friis ¢ described a very selective 
directional receiving system employing two co-planar 
spaced coils operating differentially. This was a develop- 
ment of the type of receiver previously described by T. L. 
Eckersley{ in 1921, for the purpose of detecting any 
lateral deviation of wireless waves from the great-circle 
plane through transmitter and receiver. In this arrange- 
ment each of the closed loops of the ordinary Bellini-Tosi 
direction-finder was replaced by two loops in the same 
plane connected together in series so that the ire.m.f.’s 
opposed each other. A double-loop direction-finder was 
tested for the same purpose by Mr. Barfield and the 
author § in 1925.. The following analysis was under- 
taken to investigate the utility of this arrangement 
as a directional transmitter. 

(a) General equations for vadiation.—Suppose now we 
use as a transmitter a system of two indentical vertical 
co-planar coils, fixed rigidly together at a distance apart 
2s and rotating about the central vertical axis O (Fig. 3). 
It is assumed that the currents in the two coils are in 
phase and that their separation (2s) is small compared 


-© with the distance d. 


Then in the horizontal plane the field intensity in the 
radiated waves will be given by an expression of the 
form 
sin (wt — x) 
d — scosa 


_ Sin (wt +x) 


Arg _ 0) Km cos a d +- scosa 


2778 cosa 
where x= S 


* R. L, Sumn-Rosr and R. H. BarrieLD : loc. cit., p. 5 

t H. T. Frus: “A New Directional aaah Sheen, ” Proceedings of the 
Institute of Radio Engineers, 1925, vol. 18, “ps8 

t T. L. ECKERSLEY: ‘ The Effect of the Heaviside Layer on the a hi 
Direction of the Electromagnetic Waves,” Radio Review, Pats o 

$ R. L. SuıtH-Rosg and R. H. Barrretp: “ The Ca Eliraination of 
Mit. Errors in Radio Direction- -Finding,” Taal. LE E, pa 1926, vol. 61, 


p.8 
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or, since s is small compared with d, 


Hm cos a, {sin (wt — x) — sin (wt + x)} 


K 
AR _ 9 = a 


z cos a. 2 cos wi sin x . > e a 


As the system rotates about the axis at O, the intensity 
of the radiated field passes through zero for values of 

= hir(2n + 1), or when the plane of the coils is 
perpendicular to OR. It is to be observed, however, 
that the intensity of the radiated field does not follow 
a cosine law, since 


. 2nscosa 
Hp «cos a sin —_— 


If s is small compared with À this becomes 
Hp «cos? a 


The rate of change of signal intensity as the system 
rotates will be given by ()Hp”/da) æ 2 cos a sin a, which 
is zero ata = inr. In the case of the single-coil system, 


$ aja O 
” “A > 
- P< A 
yes oe 
2 $ ———> 


on 


Fic. 4.—Arrangements of pair of vertical aerials as a 
transmitter on the Adcock system. 


equation (2), the rate of change of signal intensity, is 
proportional to sin a, which has its maximum value at 
a = +, i.e. as the signal itself passes through zero. It 
would appear, therefore, that with the double-coil 
system the signal minimum will not be as sharp as with 
the single-coil system. 

Suppose now that the receiver R is raised so that it 
subtends an angle of elevation f.at O, then the resultant 
field intensity of the radiated waves will be given by an 
equation of the form 


Hp = KUng cos wt sin x (cos? a + sin ĉa sin28)# . (8) 
In the direction a = 47, x 
for all values of B 
Thus the double-coil system radiates nothing in the 
plane a = $7(2n + 1) and true signal zeros will be 
experienced when receiving in the air from such a 
system in the daytime. 
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= 0 and therefore Hp = 0 


(b) Reception of divect and indirect waves from double- 
coil transmitter —Treating this case in the manner 
adopted in 1(b) above, we can obtain the following 
expression corresponding to equation (5) for the total 
effective field acting on a receiving aerial placed at R 
(Fig. 2). 


p= cos a 2 cos wi sin x+y Fem (ited cos B. 


2 cos (wt + $) . sin x . (cos? a + sin? a sin? B)t . (9) 


As already explained at the end of the last Section, 
this value of Ap will pass through zero whenever 
a = 4n(2n + 1). 

Thus the double-coil transmitter will give a signal 
minimum whenever the plane of the coils is perpen- 
dicular to the direction of the receiver, i.e. bearings 


` observed on this minimum will remain correct throughout 


all conditions of night effect. But when ¢, = 7, i.e. if 
the phase of the indirect waves is exactly opposite to 
that of the direct waves, the value of Hp in equation (9) 
will also be zero when 


sia cosa o TE 
l (È + R?) 
a condition which is identical with equation (6). 

Thus in the presence of downcoming waves this 
double-coil system can give additional minima, which 
occur at the same corresponding instants to those 
observed on the single-coil system under identical 
conditions. The bearings observed on these minima 
will hence be subjected to the same errors at night as 
those observed with the single-coil system, as explained 
in Section 1(c). 


(1 + py) cos B(cos?a + sin? a sin? B)+ 


(3) THE ADCOCK AERIAL SYSTEM AS A TRANSMITTER. 


A directional receiving aerial system was patented by- 
F. Adcock in 1919 * for the purpose of eliminating the 
errors on closed-coil direction-finders due to down- 
coming waves. This system has recently been shown tf 
to provide a valuable means of eliminating night errors 
in radio direction-finding. 

(a) General equation for radiation.—The Adcock aerial 
system may be regarded simply as a pair of spaced 
vertical aerials with the currents flowing in opposite 
phase (see Fig. 4). 

Using the same nomenclature as previously employed, 
the field intensity from one vertical aerial is evidently 
of the form 


H= = cos B 


Thus the resultant field from the pair of aerials repre- 
sented in Fig. 4 in the direction (a, $), is given by an 
expression of the form 


sin (wt — x) _ sin (wt + x) 


Hr = KH cos B{ = 


— scosa d + escosa 
27r8 COS a COS B 
where x= O 
* F. Apcock: ‘‘ Improvement in Means for Determining the Direction of a 


Distant Source of Electromagnetic Radiation,” British Patent No, 130490-1919. 
t R. L. SmITH-RosE and . BARFIELD: ‘‘ The Cause and Elimination of 
Night Errors in Radio Direction- Finding, * Journal I.E.E., 1926, vol. 64, p. 831. 
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Since $ may be considered small compared with d, 
this becomes 


Ha = 52 cos B. 2 cos wt sin x . (10) 


d 

When a = 37 (2n + 1), Hp = 0 for all values of $. 
There is, therefore, no radiation in the plane a = $7 
(2n + 1),1.e. perpendicular to the plane of the two 
aerials, 

(6) Reception of divect and indivect waves from the 
Adcock tvansmitier.—Treating this case under the same 
conditions as are used in 1(b) and 2(b) above, and as 
represented in Fig. 2, we get the following expression 
for the total effective field acting on a vertical aerial 
placed at the receiver R :— 


KB m 2 
27 2 cos wésin x + CEA + py) cos? B. 
2 cos (wt + ¢,) sin x (11) 


Hpg = 


For the direct and indirect waves to interfere, $, 
must equal y and also 


K Ko 
TE HO + Pe cos B 


This last condition is independent of a and therefore 
of the rotation of the transmitter; it is in fact simply 
the expression of the condition for fading as ordinarily 
observed on wireless transmitters. 

It is therefore evident that if the Adcock aerial 
system be used as a rotating transmitter the signal 
intensity observed at a distant receiver will pass through 
zero whenever the plane containing the aerials is per- 
pendicular to the direction of the receiver. This zero 
is the only one to be observed under any conditions of 
downcoming waves, and thus the bearings observed 
thereon will remain correct throughout all conditions 
of night effect in transmission. | 
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Captain C. E, Kennedy-Purvis : The ideal of the 
captain of a ship is to know the exact position of his 
ship at any time, but he must feel reasonable confidence 
in the results obtained from any observations. Any 
doubts of the results obtained by what some of us 
may still be inclined to call new-fangled ideas—I am 
speaking from the navigational point of view—only 
lead to those results being discarded and the method 
eventually permanently mistrusted. Hence a captain 
is inclined to think that the taking of wireless bearings 
should be his own responsibility. The bearings given 
' by shore direction-finding stations are to-day probably 
as accurate as they may ever be, and probably more 
accurate than those obtained by direction-finding 
afloat, but no captain likes to think that he is in the 
hands of some individual ashore. If he loses his ship 
no one is, or can be, responsible but himself. When in 
navigational difficulties he is inclined to get back to 
first principles, and he can hardly be blamed for this. 
Up to the present, direction-finding “ fixes ” are obtained 
by one of two methods; firstly the fix given by two 
direction-finding stations ashore, and secondly the 
fix given by taking bearings with a ship’s own direction- 
finding gear from two shore wireless stations, either 
ordinary commercial stations or beacons. The latter 
method places the responsibility on the ship, which 
from all points of view is to be preferred. Now, ship 
direction-finding sets are not cheap, and, although 
wireless companies would no doubt like to see all ships 
fitted with them, many owners of small ships simply 
_ cannot afford to equip their vessels in these strenuous 
times. A means of providing the mariner with bearings 
which he takes himself with his ordinary receiving 
gear is therefore a considerable advance. The results 
given in these papers show that the accuracy of bearings, 
taken after very little training, is of the same order as 
with existing ship or shore direction-finding systems, 
and it is to be hoped that the authorities concerned 
will press on with the development of the rotating 


beacon and provide at least one or two stations to prove 
the utility of this apparatus, especially to the small 
ship captain, who, after all, far outnumbers his larger 
brethren. 

Mr. F. W. Davey : At first sight, a system of radio 
direction-finding which enables the navigator himself 
to ascertain his direction from a shore beacon and to 
fix his position by two such beacons without special 
apparatus on the ship is very attractive. It will remain 
attractive, however, only if, taking all other factors 
into consideration, it proves to be an economical and 
effective means for attaining the object in view. I 
should like to offer a few remarks bearing on the econo- 
mic aspect of the question. This aspect will, as in 
the majority of engineering propositions, be the final 
arbiter of the matter. My remarks will be confined 
to the paper by Messrs. Smith-Rose and Chapman. 
The authors point out on page 259 that a detailed cali- 
bration of the station was made. Should such calibra- 
tion be found essential in a permanent station, the 
difficulties of supplying a calibration curve or charts to 
all ships which may wish to use the beacon will be 
apparent, and, moreover, judging from our experience 
of direction-finding receiving stations, periodic calibra- 
tion would be at any rate desirable and would probably 
be found to be necessary. Whether the causes of the 
distortion necessitating a calibration of the station are 
local to the site or are remote therefrom does not 
definitely emerge from the paper, but it is evident that 
the calibration would be effective only if the causes are 
definitely local. If, however, they are remote, the 
calibration would hold good only for the particular 
distance at which it was made. In Fig. 2 the routes 
of ships making a journey to Guernsey as taken by the 
ships’ ordinary observations and as taken by observa- 
tions from the beacon are divergent. Such divergence 
could be accounted for if the cause of distortion for 
which calibration was made was remote from the station. 
It is conceivable that if any departure from homogeneity 
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exists in the path between the station and observer there 
will be a consequent variation in absorption along the 
different paths as the beacon rotates, and the zero 
may be indefinite. There may appear to be several 
minimum points, and such have apparently been 
observed. Incidentally, multiple minima could be 
accounted for by a difference in phase between the 
ground and the space waves. Having regard to the 
results given in the paper and the analysis thereof, 
- I think there are two conditions essential to the practical 
application of the rotating-beacon system for navigational 
purposes. In the first place an ideal and perfectly 
symmetrical site is required, and in the second place 
a homogeneous conducting zone round the full path of 
operation. It is in the consideration of these essential 
conditions that the economics of the question is insistent. 
The ideal location would be a ship rigidly anchored 
at sea, but this is not within the range of practical 
politics. A close approximation to the ideal would be 
a small isolated island, such as Lundy Island. On the 
mainland very few sites would be effective; Dungeness 
and Portland Bill are the only sites that occur to me. 
Very few lighthouses would be suitable. Even if it 
were possible to run a beacon automatically with a 
minimum of personnel, a special staff in addition to the 
lighthouse staff would be necessary because of the 
onerous conditions of location. For the ideal station 
both the capital and maintenance costs would be high. 
A large number of stations would be required round 
the coast to give good service, whereas a direction- 
finder on board ship can be used in any part of the world. 
In busy waters, such as those around our coasts, 
ordinary transmissions of existing ship and shore stations 
can be used where the direction-finder is on board ship. 
I am therefore inclined to the opinion that the rotating 
beacon will not be an economic proposition as an aid 
to ships’ navigation. 

Dr. J. Robinson : The papers show that it is possible 
to construct a simple directional transmitter which is 
satisfactory for marine purposes for distances exceeding 
50 miles, and for aircraft for apparently greater dis- 
tances. This involves very little apparatus on .the 
ship or aircraft in addition to the ordinary wireless 
receiving apparatus, all that is necessary being a stop- 
watch. The results published are better all round 
than have been obtained with any other form of direc- 
tional. transmitter. They give better accuracy than 
that obtained with the Aircraft A.N. type of transmitter 
in use in the United States; they give at present a 
greater reliable range than that of the Marconi beam 
system, and there is no fundamental reason why the 
range should not be enormously increased. I am 
personally pleased with the results, as I was intimately 
associated with the early developments of the rotating 
loop. Some details of the early history might be of 
interest. We sought the ideals—simplicity, range and 
accuracy. Because of the possibility of a large range, 
the early experiments were made with large open 
antenne, but when the Bellini-Tosi type of coupling 
was employed, it was found to be exceedingly difficult 
to obtain any great accuracy, and the best results 
obtained gave a curve of errors more or less quadrantal, 
the maximum error being about 7°. 


In order to over- — 


come the errors and maintain the maximum range, 
various types of aerial systems and couplings were 
discussed and some were tested. We were well aware 
then of the possibility of night variations, and one 
system of aerials discussed was of the Adcock type, 
in order to eliminate the radiation of horizontal com- 
ponents of the waves. This aerial system was actually 
patented in 1922 in my name, associated with Messrs. 
Crowther and Derriman, the patent being numbered 
198522. It is interesting to note that the same sugges- 
tion was brought forward by Dr. Smith-Rose. Some 
years ago, after various melancholy experiences with 


` different types of aerial, we were forced to the conclusion 


that it was necessary to employ the most simple method 
possible in order to obtain accuracy, even though we 
had to sacrifice range at first, hence the simple rotating 
loop. Having reached this conclusion it was soon 
appreciated that we should not sacrifice too much 
range, for although a closed loop is not an efficient 
radiator on wave-lengths of the order of 600 metres, 
yet because the ohmic losses could be made small 
it would be possible to obtain large aerial currents. 
It has taken some years to complete the development 
and test of such a simple loop using small powers, 
but the results are satisfactory and it would appear 
that such transmitters should now be made available 
for marine purposes. They are not costly to construct, 
they are comparatively easy to maintain, and, above 
all, the captain or navigator of a ship can take his own 
bearings without any special wireless knowledge. As 
regards aircraft, the transmitters in their present form 
probably do not give a sufficiently large range, but the 
present results are so encouraging that the construction 
of a transmitter of higher power can be undertaken 
with confidence. We must not assume that this form 
of wireless navigation will make other forms obsolete. 
Directional beacons will undoubtedly become standard 
for navigational purposes, but they will merely give 
additional information to other forms of wireless navi- 
gation. The most universal form of such navigation 
will be that where the directional observations are made 
on the ship or aircraft itself, using some form of 
directional receiving apparatus. This type of wireless 
navigation will always be more general, because it . 
makes the navigator more independent, for he can 
utilize any ordinary transmission for giving him. his 
bearings. However, each form of wireless navigation 
has its own particular field of application, and the 
simple rotating-loop transmitter should have an imme- 
diate application to the more congested shipping 
routes round our coasts. The air results and the sea 
results are different as regards night variations. For 
sea observations there is present the same type of 
night variations as are obtai-ed with directional 
receiving apparatus. Such variations have not yet 
been observed in the air. This is very important 
from both the theoretical and the immediate practical 
points of view. It is probably too early to attempt a 
theory on the lack of variations in the air, but as far 
as I know there is at present no reliable record of night 
variations of bearings in the air. Present-day theories 
of night variations would involve the presence of such 
variations in the air, so that it is of the utmost import- 
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ance to have this point thoroughly tested. I hesitate 
to put forward such an urgent problem, as I am well 
aware of the difficulties and expense of such night tests 
in aircraft. Such a directional system as the simple 
loop transmitter does not appear to be so ideal as a 
beam. However, beams are at present short-wave 
problems, and for general wireless navigation purposes 
short waves should be avoided, as they are susceptible 
to such undesirable features as fading, skip distance, 
etc. Thus practical wireless navigation must develop 
in the immediate future on comparatively.long wave- 
lengths such as those at present employed with the 
loop transmitter. 

Dr.S.H.Long : The similarity between the problems 
of direction-finding transmitting systems and reception 
systems is very striking, as the same difficulties experi- 
enced by Messrs. Gill and Hecht had to be overcome 
when carrying out tests on a system of reception 
suitable for direction-finding on C.W. signals, and 
after trying various types of loop systems it was con- 
cluded that a single-loop system lends itself best to 
the practice of direction-finding, particularly on C.W. 
signals. This is a very important point in modern 
direction-finding off the coast of this country, when 
excellent results can be obtained on the carrier wave 
of certain B.B.C. stations which can be used as wireless 


beacon stations over many hours per day, provided a 


ship has. a direction-finding installation suitable for 
taking bearings on C.W. transmission. Is it practicable 
to carry the system still one step further and, by utilizing 
a vertical aerial transmitter suitably excited, tuned and 
coupled to the rotating loop, to work on a heart-shaped 
diagram rather than on a figure-of-eight diagram ? 
The reason for the unequal minima at Gosport beacon 
was most probably a coastal refraction effect. A case 
of this in reception was observed at Flexicourt during 
the war, when a direction-finding receiver placed near 
the top of a steep hill gave marked errors of 6° to 8° 
on signals coming from the direction of the lower slopes. 
On moving the receiver about 200 yards back from the 
hill on to level ground on the hill-top the errors dis- 
appeared. Similar experiences to this at Gosport have, 
I believe, been found by other experimenters. I cannot 
agree that a rotating beacon would be just as satisfactory 
for ship as for aircraft navigation. One of the most 
important uses of direction-finding at sea is to avoid 
collision in fog, and a ship fitted with a direction-finding 
receiver is in a position to orient other ships in its 
vicinity and in this way avoid collision. It is especially 
important in these cases for the one ship to be able 
to take a “ sense ” bearing on the other ship. Moreover, 
a ship fitted with its own direction-finding receiver is 
independent of bearings from the coast stations, and 
has the additional advantage of being able to use its 
direction-finder on any type of transmission in any 
position in the world, provided the signals received 
are powerful enough for. direction-finding purposes. 
In the case of the direction-finding rotating-beacon 
transmitter, ships would have none of the above advan- 
tages but would: only be able to use direction-finding 
bearings at some 60 to 80 miles from the beacon station. 
Another point is that if direction-finding rotating-loop 
beacon stations are to be used, and if they have a range 


of only some 60 miles, it appears that a considerable 
number of these stations would be necessary to be of 
use for navigation purposes, and the cost of such a 
system would probably be prohibitive without the 
additional advantage of avoidance of collision in fog. 
For aircraft navigation, where space is so essential 
that space cannot be provided for a separate direction- 
finding receiver, the rotating-loop transmitter seems 
to be a really good proposition. 

Captain P. P. Eckersley: A point that has not 
been brought out in discussion is whether in fact the 
rotating-beam system can be fairly represented as 
an advance in procedure. I have no doubt that it is 
effective and possibly more economical, but I question 
whether, having regard to the congestion of the ether, 
other methods should not be adopted. Having had 
some experience with commercial aircraft wireless, 
I question whether direction-finding stations on the 
ground taking bearings upon the mobile transmitter 
are not equally effective. The advantages of the ground 
direction-finding method are three-fold. Firstly, and 
particularly with aircraft, no complicated apparatus 
whatsoever has to be carried on ships or aircraft. 
Secondly, and particularly with aircraft, it is psycho- 
logically sounder to put the responsibility upon people 
who work in safe surroundings. Thirdly—and this is 
most important—the amount of transmission in the 
ether is considerably reduced. As to the latter point, the 
most serious problem with regard to wireless at present 
is the congestion in the ether, and the elimination of 
flat tuned transmissions such as those given by the 
beacon is most important in the development of the 
art generally. With the ground direction-finding system 
bearings will in all probability be wanted only during 
bad weather, so that naturally the jamming will be 
lessened. The accuracy of ground direction-finding 
stations could be better than that of the beacon trans- 
mitter and, more important still, night effect could be 
practically eliminated. There is a further point that 
the range of the system could be greatly increased and 
bearings taken at night 1000 miles or more from the 
direction-finding points. The disadvantage is certainly 
one of expense, but this should be faced in view of the 
greatly congested state of the ether. I should like to 
ask whether the beacon transmitting system is actually 
in use and whether any opinions have been expressed 
by those who have had to use it on either ships or air- 
craft. I should also have thought that the very short- 
wave system such as installed at Inchkeith was of real 
advantage over short distances required at harbour 
mouths or near the aerodrome. These waves will be 
reliable in these circumstances. There is, furthermore, 


| the advantage that many channels are available with 


wave-lengths of a few metres long and 1 should have 
thought that the ideal system combined the very 
short-wave rotating beacon and ground radio direction- 
finding stations on shore, giving bearings to mobile 
transmitters. 

Mr. R. M. Wilmotte : On page 244 Messrs. Gill and 
Hecht describe some interesting experiments on raising 
the whole beacon to the top of a mast. The results 
are said to be satisfactory, but a little more information, 
especially quantitative information, would be of interest. 
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Tables 1, 2 and 3 in the same paper, judging from the 
final results, show that the authors read their stop-watch 
to an accuracy of 1/60th and even 1/600th of a second |! 
They have apparently fallen into the error of giving 
results to a higher degree of accuracy than their measure- 
ments warranted. The point is important and is 
fundamental to all research work. In this case the 
error tends to mislead people into believing that bearings 
can be obtained with a degree of accuracy which is not 
even approached. Even if the results were obtained 
and calculated by an unscientific observer, it is no 
excuse, for it only shows that the observer either was 
given wrong instructions or failed to understand what 
he was doing. Fortunately, in this particular case it 
does not detract very much from the importance of the 
paper. The general conclusion of the three papers 
is that direction-finding with a simple coil gives results 
exactly similar to those obtained with a rotating beacon. 
This result can be readily proved theoretically by apply- 
ing Sommerfeld’s reciprocal theorem. Unless the laws 
of electromagnetism are in error, there does not appear 
to be any doubt that this law is true. It can be stated 
as follows: “If an antenna, A,, transmits to another 
antenna, A,, the signal received would be the same as 
would be received in A, if A, transmitted with the 
same power and frequency, irrespective of the electro- 
magnetic properties of the medium and of the antennz.”’ 
Obviously, a beacon transmitting and being received 
by any antenna will produce, the same type of errors as 
any antenna transmitting and being received on a 
direction-finding set. In that respect the Adcock 
system, which is theoretically correct for direction- 
finding, will obviously be correct for a radio beacon, 
as Dr. Smith-Rose has proved in his paper. The 
combination of coils in the method of Friis was interest- 
ing and led me to try to discover whether other combina- 
tions of coils would work. I came to the conclusion, 
and proved to my Satisfaction, that it was impossible 
to combine coils in any way which would give the same 
result as that which can be obtained on the Adcock 
system. 

Mr. C. H. Boyd: From the practical point of view 
the question is whether it is worth while developing 
this system, and that is very largely a question of 
money. As Captain Kennedy-Purvis said, the view 
that most of us take who have to deal with shipping 
questions is that there will always be a considerable 
number of ship-owners who will not fit their own 
direction-finding apparatus. There will always, how- 
ever, be a certain number of ships which will, what- 
ever we do on shore, fit their own direction-finding 
apparatus for use when they are out of range of stations 
of this character. We should be very sorry indeed to 
think that any work that was being done in developing 


these loop transmitters was likely to discourage the | 


adoption of direction-finding apparatus on ships, though 
it is, I believe, generally admitted that the shore station 
will give more accurate results to a ship than a ship 
can get for herself. That leads me to remark that 
I think the wireless engineers have given the ships a 
rather exaggerated idea of the kind of accuracy they 
want. For a ship’s captain to be able to get a bearing 
(accurate to within 2°) over a long distance is something 
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which is quite beyond his dreams of, say, 15 years ago. 
For that reason I think the arguments put forward by 
Mr. Davey can be somewhat discounted. If the per- 
manent error likely to be found at a more or less suitable 
position for a loop station is going to be less than 4°— 
which I think was the maximum error across the Isle of 
Wight—1 do not think it is going to do a great deal of 
harm, even if the captain does not know of it; but, 
as a matter of fact, we could readily arrange to publish 
calibration tables for these stations in our notices. 
To return to the question raised by Captain Eckersley, 
the main objection to the shore direction-finding station 
is that it costs so much—about £6000 to build and 
£4 000 a year to run. It cannot hope, whatever charge 
is made, to earn a revenue which will balance that cost. 
To put up direction-finding stations all round the coast, 
even for the quite considerable amount of fog we get 
in these islands, would mean spending a very great 
deal of money—far more than would be justified in 
the circumstances. There is just one other point I 
should like to be considered, and that is the question 
of the power necessary in beacons of this kind. Wave- 
lengths of 525 and 700 m were formerly used. We 
shall now have to have wave-lengths in the neighbour- 
hood of 1000 m, and it will be necessary to consider 
what changes must be made in the apparatus in order 
to get the same ranges—whether the frames will have 
to be bigger and the power required greater and the 
whole apparatus of a more substantial character, or 
whether some other line of experiment may be worth 
following up in order to get the same ranges without 
unduly increasing the weight of the machinery, and so 
on, and the power required to operate the station. 

Dr. R. L. Smith-Rose : The question of the uni- 
formity of rotation is referred to in the paper by Messrs. 
Gill and Hecht. 1 should like to point out that since 
the Gosport beacon was erected we have, with the 
assistance of the Admiralty Research Laboratory, 
fitted to it a tuning-fork and phonic motor to control 
the speed of the main driving motor, and also a strobo- 
scopic disc arrangement to indicate the instantaneous 
speed of the beacon. That has been very satisfactory, 
although it is not quite fool-proof; after first starting 
up, the beacon will run at a uniform speed for a period 
of several hours with slight attention at about 15-minute 
intervals, and the operator can ascertain, by a glance at 
the stroboscopic disc, whether the speed is correct. The 
speed at which it rotates is so uniform that it defeats 
any effort to time it by means of the ordinary stop- 
watch: it is only by taking observations over a long 
period with an accurate chronometer that any difference 
can be detected. If it is allowed to run for three hours, 
it will be found to have gained or lost only one or two 
seconds on the chronometer in that period, which indicates 
that it is running true to about 1/100th of a second 
per minute. At such accuracies the effect of tempera- 
ture upon the fork becomes important, and in a per- 
manent beacon station it would be desirable to eliminate 
the temperature coefficient of the tuning-fork. Although 
it wculd be desirable to have some more rigid method 
of control, this is one possible solution of the matter. 
Ancther small point is the error in the equation at the 
top of the second column on page 243. The equation 
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in the second line reduces to the form H/H, = 2sin 40 
and not H/H, = sin O, and this is correct for any value 
of 0. When 0 is small this reduces to HJH, = 0. The 
other question, which has been mentioned by Dr. 
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Robinson, is that of night errors in the air. It looks 
as though we were forced to admit that night errors 
have never been observed in the air, yet I am perfectly 
sure they exist there. 


THE AUTHORS’ REPLIES TO THE DISCUSSION. 


Messrs. T. H. Gill and N. F. S. Hecht (in reply) : 
It would seem, from the general remarks made in the 
discussion, that the rotating-loop transmitter is put 
forward as a possible competitor with the older and 
firmly established methods of direction-finding. This, 
of course, was not the intention of the paper. The 
intention was, rather, to show that for certain purposes 
a rotating beacon has very marked advantages over 
the other methods. It should therefore find a place 
in the general scheme of direction-finding for both 
marine and air navigation, its chief utility being in the 
domain of air navigation, for reasons which are given 
clearly in the paper. 

Captain Kennedy-Purvis expresses the opinion that 
the system should be given a serious trial. The tests 
made so far can only be regarded as preliminary in- 
quiries as to the possibilities of the system. Two suit- 
ably located beacons would be sufficient to ascertain 
the usefulness of wireless rotating beacons. The fact 
that the small ship is catered for to the same extent 
as the larger craft is certainly a valuable point. When 
one studies the actual cost of the rotating-beacon 
system one has to compare the cost of the beacon 
stations in relation to the cost of special direction-finding 
apparatus carried on ships or in aeroplanes. A pair of 
beacons suffice for the navigation of any number of 
ships within a certain area, whereas a directional set 
on a ship only suffices for that one ship, its range extend- 
ing from the ship for a certain area. 

With reference to Dr. Long's remarks, the use of a 
vertical aerial in combination with the loop has been 
considered and also tried experimentally. 1t was not 
proceeded with, chiefly on account of the fact that the 
zero is defined less sharply with this arrangement than 
with the figure-of-eight. The radiation diagram has 
the same form in the vicinity of the zero as it has in 
the vicinity of the maximum. Another consideration 
which has a certain amount of weight is that with 
the figure-of-eight two bearings can be taken in one 
minute. This is particularly valuable for aircraft, 
owing to their rapidity of movement. When an average 
of several bearings has to be taken it is essential that 
the bearings be taken as rapidly as possible. Dr. 
Long’s remarks about the direction-finding station at 
Flexicourt are very interesting and tend to confirm 
our view of the cause of certain distortions in the Gosport 
beacon. As regards the range and number of beacons 
which would be required to give a complete service 
round our coast, this is a matter which can be settled 
only by actual trial. The power of the beacon can 
certainly be increased. The sensitivity of the ship’s 
receiver should also be considered in this connection. 
The range of 60 miles mentioned by Dr. Long should 
be taken as a conservative estimate. 

With regard to Captain Eckersley’s remarks, we 


also feel very strongly that overcrowding of the ether 
should be avoided as much as possible. We would 
claim, however, that, far from increasing this over- 
crowding, a number of beacons would actually reduce it. 
This will be apparent when it is considered that in the 
one case there would be a few shore transmitters working 
continuously on continuous-wave transmission, instead 
of a large number of ships with spark transmitters all 
asking for direction-finding assistance. With aircraft 
the case is even more in favour of beacons, for it is a 
serious matter when an aircraft has to wait its turn for 
information as to its position. 

We are in agreement with Mr. Wilmotte’s reasoning. 
The fact remains, however, that over a period of several 
years no night errors have been observed when the 
observing station has been an aeroplane in flight. The 
observers engaged on this work have on many occa- 
sions especially looked out for variations of bearings, 
but without success. It is hoped to obtain definite 
information shortly. The question of accuracy referred 
to at the beginning of Mr. Wilmotte’s remarks is not 
taken as a serious criticism. The important figures are 
those given in the “‘ timing ’’ column where the time 
is given to 0-1 sec., a special stop-watch being occa- 
sionally used in these tests. The readings were trans- 
formed into degrees and we must plead guilty of an 
Oversight in giving more than the significant figures. 
Mr. Wilmotte has perhaps failed to note that Table 2isa 
reproduction of results supplied by the National Physical 
Laboratory. 

In reply to Mr. Boyd, we are of the opinion that the 
raising of the wave-length from 707 to 1000 m does 
not introduce serious difficulties. It should be quite 
possible to retain and even extend the present useful 
range by increasing the dimensions of the loop without 
increasing the power supply to any very great extent. 

Dr. Smith-Rose’s remarks are practically confined 
to the question of accuracy of rotation. The tuning- 
fork and phonic-motor arrangement at Gosport is 
certainly useful at the present stage, but one must look 
for a device which will be entirely automatic and capable 
of dealing with large variations of supply voltage and 
of load. Such a device is not an impossible requirement 
at the present day. As Dr. Smith-Rose points out, 
accurate speed measurements are difficult to take, owing 
to the standards becoming appreciably affected by the 
temperature coefficients of steels. We would point out 
that the equation on page 243, as given, applies to the 
special case where @ is small. This is clearly stated in 
the paper. 

Dr.R.L. Smith-Rose and Mr.S.R. Chapman (ix 
reply): The discussion has brought forth no direct 
criticism of the results of our investigations; it has 
rather tended towards a consideration of the relative 
merits of the rotating beacon and the direction-finder 
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for marine navigation. As Mr. Davey suggests, the 
final decision will probably rest on the economics of 
the whole situation ; but we think that this cannot be 
fairly considered until the rotating-beacon system has 


been given an adequate trial by the various types of 


mariner for whom it caters. In considering the economic 
side of the question it should be remembered that the 
rotating beacon is essentially a democratic institution 
in that it caters for all classes of shipping, from the 
smallest fishing smack fitted with a wireless set to the 
largest transoceanic liner. In attempting to depreciate 
the rotating-beacon Mr. Davey has, we think, rather 
over-emphasized the existence of permanent error and 
the necessity for periodic calibration. It is admitted 
that the site at Fort Monckton is quite unsuitable for 
a permanent beacon station, since a large land error is 
associated therewith ; even so, however, it is mentioned 
on page 259 that within the open-sea sector the permanent 
error was limited to 1° or 2°, and, as Mr. Boyd points 
out, this is negligible for the purpose of most navigators. 
- We would remind Mr. Davey, moreover, that similar 
land errors, although possibly of a lower order, are 
obtained in direction-finding, and that it has accordingly 
become customary to mark out the “ arcs of good bear- 
ings ’’ on charts showing the positions of transmitting 
stations used by ships’ direction-finding sets. 

Our experiments on the calibration of the rotating 
beacon at Gosport have indicated that the errors are 
practically independent of distance over a radius of 
from 1 to 50 miles, except where transmission across 
the Isle of Wight takes place. The calibration has also 
remained sensibly constant over a period of 14 years. 
The divergence of routes in Fig. 2 (page 258) pointed 
out by Mr. Davey would be explained by a constant 
error in either bearing rather than by a cause of distortion 
remote from the station. Exactly what precautions 
are necessary at the site of a rotating beacon will not 
be known until the opportunity occurs for examining the 
performance of a beacon placed on a site very much 
superior to that available at Fort Monckton. 
regard to the application of signal minima, we must point 
out that these are only observed in the presence of down- 
coming waves at night, at distances which are outside 
the reliable working range of the beacon. Although 
perhaps 10 or 20 stations may be required to give 
bearings around the coast, it must be remembered that 
these stations will serve thousands of ships, the bulk 
of which will probably never be fitted with direction- 
finders. The location of any errors at the transmitting 
station where they can be under the observation of 
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experts appears to us to be a decided advantage, as 
opposed to the necessity of calibrating each ship’s 
direction-finder for quadrantal error. This error is 
likely to be serious in the case of many small ships, and 
there is the added possibility of its alteration with 
draught and nature of cargo. The ship direction- 
finder, moreover, is limited in accuracy to that of the 
ship’s compass. | 

We are interested in Dr. Robinson’s remarks on the 
early development of the beacon and on the use of the 
Adcock aerial system; and we are in agreement with 
his remarks concerning the observation of night errors in 
aircraft. 

While agreeing with Dr. Long as to the desirability 
of obtaining a sense-reading beacon if possible, we 
think that the use of the ordinary cardioid diagram circuit 
would hardly suit the case, since the flatness of the mini- 
mum would seriously decrease the accuracy of the bear- 
ings obtained. A ship fitted with a direction-finder 
undoubtedly has the advantages claimed by Dr. Long 
over a ship not so fitted, in its ability to take bearings 
upon other ships’ transmitters and upon coast and 
broadcasting stations. This advantage might prove 
to be valuable in the case of a ship in distress which was 
uncertain of its exact position. 

Captain Eckersley is, perhaps rather naturally, averse 
to the idea of rotating-beacon transmitters, having 
regard to the already congested state of the ether. We 
would point out, however, that these beacons have been 
assigned a special wave-length to themselves and that, 
as the results of our experiments show, they are just as 
effective on continuous as on interrupted continuous 
waves. The short-wave rotating-beam system has 
been tried out at Inchkeith and at South Foreland, but 
has not so far found much favour among mariners. The 
necessity for a very special type of short-wave receiver 
on the ship is a decided disadvantage of the system. 

We have to thank Mr. Boyd for expressing a broad 
and well-considered opinion of the whole situation 
appertaining to beacons and direction-finders.' As to 
the power that will be required to operate a rotating 
beacon on its future working wave-length of 1 040 
metres, although calculations have already been made 
we prefer to wait until experimental data are available 
before giving an answer on this point. 

In conclusion we wish to support Captain Kennedy- 
Purvis’s request that the authorities concerned should 
give the rotating-beacon system of directional wireless 
an adequate chance to prove its utility to the mariner 
under all sea-going conditions. 
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SUMMARY. 

The paper discusses some of the troubles that may arise in the 
practical use of lead cable-sheaths owing to physical weak- 
nesses, and it shows how these weaknesses are connected with 
the inherent grain structure in the metal and the stream-line 
structure due to the extrusion process. In the early part of 
the paper existing metallurgical knowledge is reviewed for the 
benefit of electrical engineers, and illustrations are given from 
the authors' own investigations into the crystal structure of 
cable sheaths. Various factors involved in the much dis- 
cussed disintegration by vibration are examined, and the 
improvement of pure lead by the employment of alloying 
metals is treated both theoretically and practically. Special 
apparatus for the vibration tests is described, and the paper 
closes with a study of the “ weld ” and a description of a 
new type of cable press which produces a cable sheath that 
is weldless. The investigation has been carried out at 
intervals over the past 7 years in the Research Laboratories 
of Messrs. W. T. Henley’s Telegraph Works Co., to whom 
the authors are indebted for permission to publish the results. 
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CRYSTAL STRUCTURE OF LEAD. 


General considerations.—Not very much has been 
published on the structure and physical properties of 
cable sheaths. Perhaps the first investigator to apply 
the methods of metallography to this field was Barralet * 
who, only 12 years ago, made a microscopic study of the 
weld in a cable sheath. In 1921, L. Archbutt f in a 
valuable paper on the failure of cable sheathing, which 
was contributed to a general discussion before the Fara- 
day Society on the failure of metals under prolonged 
stress, showed that the microscopic study of lead had 
been brought to a high pitch of excellence. Gene- 
rally speaking, however, metallography has not been 
widely applied to the investigation of cable-sheath 
problems. 

The examination of a suitably prepared sample of 
cable sheath reveals the fact that it consists of a collec- 
tion of separate grains closely massed together, but with 
definite lines of demarcation between them. Contrary 
to a view still widely held among electrical engineers 
who have not given some attention to the study of 
metallography, the normal structure in metals is crystal- 
line. Many electrical engineers still seem to expect the 


` normal metal to be perfectly homogeneous and to look 


upon crystallization as evidence of a faulty condition. 
This is not so. All metals are largely composed of 
crystals and, in this respect, lead is no exception. The 
size and arrangement of the constituent grains vary 
considerably and in themselves form a useful criterion 
of the physical properties of the metal. Correctly inter- 
preted, also, they are an indication of the previous 
history of the cable sheath, either during manufacture 
or in subsequent use. 

In order to bring to light the internal structure of a 
cable sheath, as of any other piece of metal, a surface 
must be prepared for microscopic examination by 
etching. An unprepared section when examined under 
the microscope is featureless, but, as Fig. 1 (see Plate I) 
shows, the special preparation reveals a wealth of inter- 
esting detail. In the first place, the surface of the metal 
is seen to be divided into a number of distinct polygonal 
grains of widely different shapes closely locked into one 
another. The various grains also differ considerably 
from one another in size, and a further distinction will 
be noticed in the colour of the surface. 

To understand the full meaning of the features thus 
made evident it is necessary to consider for a moment 
what goes on when a mass of molten lead solidifies. In 
the liquid state the molecules of metal are moving about 
in a complicated manner. As the temperature falls, 
however, the movement becomes arrested and the mole- 
cules, owing no doubt to their electrical polarity, begin 


* See Bibliography, (1). f 1bid., (2). 


Fic. 1.—Crystalline structure of lead sheath. 
(Magnification = 15.) 


Fic. 6.—Structure in extruded sheathing. l 
(Magnification = 5.) 


Fic. 7.—Cast lead quenched. (Magnification = 17.) 


Fic. 4.—Structure in cast lead pig. (Magnification == Ye.) Fic. 8.—Cast lead annealed. (Magnification = 17.) 
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Plate 11. 


Fic. 14. —Intercrystalline fracture in lead. 
(Magnification = 12.) 


FiG. 9.—Extruded sheath annealed. (Magnification = 17.) 


Fic. 15.—Failure of small telephone cable from steep exposed 
position. 


Fic. 16.—Failure of small aerial cable near firing butts. 
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Fic. 11.—Intracrystalline fracture in lead.. 
(Magnification == 64.) 


Fic. 18.—Failure of signalling cable on a railway. Inter- 
Fic. 13.—Intercrystalline fracture caused by repeated stress. crystalline fracture. (Magnification = 16.) i 
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Fic. 20.—Full-size view of disintegration shown in Fig. 19. 
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Fic. 22.—Disintegration of cable sheathing by condensing 
steam. (Magnification = I$.) 
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Fic. 30.—Split 


Plate IIT. 


lead sheathing. 


Fic. 31.—Fractures at weld. (Magnification = 10.) 


ee) 


a 


vs id 


u 
ay 


mee ne oe EE RE +, ot 


way n 


| 
| 
| 
| 
| 


E d eee R Pee | 


Fic. 32.—Section of blistered lead sheathing. (Full size.) 
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Fic. 37.—Burst in lead tube showing no .weld. Fics. 38 to 41.—Sections of sheathing from straight-through press ($ full size). 
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to arrange themselves round different nuclei spaced 
throughout the mass. If this process is permitted to 
proceed slowly, then within each grain so formed is 
perfect symmetry of structure, though the direction of 
growth may be quite different for different grains. Under 
ideal conditions of crystallization the grains are formed 
as idiomorphic or perfectly symmetrical crystals. This 
result is difficult to obtain in metals, although it some- 
times occurs in cavities in a large casting. Under prac- 
tical conditions the separate crystals grow outwards and 
crowd into one another. The result is a closely packed 
mass of polyhedrons or allotriomorphic crystals. 

In examining such a microsection as Fig. 1 (see Plate I), 
it should be appreciated that we are looking at an arbi- 
trary section of the mass. Another section at a lower or 
a higher level than the plane of the photograph given 
would show a different arrangement of shapes because of 
the difference in orientation and depth of the separate 
grains. The difference in brightness between one 
crystal and another is due to the laminated structure 
emerging at the prepared surface at different angles and 
so reflecting the light differently. This phenomenon is 
clearly demonstrated in Fig. 2 (see Plate 1), which shows 
a photograph of a typical lead sheath that has been 
somewhat more deeply etched to bring out this special 
feature. It will be seen that the structure emerges at 
the surface in a series of steps. This is due to the com- 
ponents of the grain lying obliquely to the surface. In 
some of the grains they are on end, while in others they 
slope at different angles. 

The boundary between the separate lead crystals is in 
itself an important feature. What exactly happens 
where one crystal approaches its neighbour has been the 
subject of considerable controversy among metallurgists 
for some years past, and is still uncertain. Beilby was 
one of the pioneers to offer an explanation of the nature 
of this boundary, and, in several papers as well as in an 
excellent textbook,* has explained at length his theory. 
The boundary between the crystals is made up of a layer 
of amorphous or non-crystalline metal which has the 
properties of an undercooled liquid ; that is, it will flow 
under stress but, owing to its very high viscosity, the 
stress must be continued for a long time. Recent radio- 
logical work has indicated that the intercrystalline 
material is, at least in part, crystalline. For the present, 
the important feature to notice in connection with 
Fig. l is that this boundary material appears to be more 
easily dissolved by the etching acid than the remainder 
of the mass; and it is no doubt owing to this fortunate 
circumstance that we are able to employ such a useful 
agent for investigation. 

Preparation of samples.—The preparation of a sample 
of lead for microscopic examination consists of two 
operations, namely, the preparation of a smooth, flat 
surface on a convenient piece of the material, and the 
etching of this surface to bring out the structure. For 
certain purposes where it is required to store a large 
number of samples for reference the authors have 
employed steel disc holders as shown at A in 
Fig. 3 (see Plate 1). The steel disc has a circular 
hollow on one face into which a pellet of lead 
taken from the sheath is lightly pressed. After the 


* See Bibliography, (8). 


preparation of the surface a circular microscope cover- 
glass is cemented over the face to preserve the etch 
markings permanently and leave them open to inspec- 
tion. Frequently the surface of a sheath is prepared and 
examined over a considerable area as in sample B, 
Fig. 3, while the most useful examination of all and the 
one most frequently carried out is on the section of a 
sheath as shown in C, Fig. 3. 

In the case of an undisturbed surface, such as the. 
outside or inside of an extruded sheath, no mechanical 
preparation other than the rough shaping up of the 
sample for convenient handling is necessary and the 
etching can be proceeded with at once. In the case of 
a cut section, however, a smooth, flat surface must first 
be obtained. Owing to the plastic nature of lead there 
is quite an art—and many a pitfall for the unwary— 
in the polishing of a section. At the end of the operation 
the surface must be free from scratches and embedded 
grains of the abrasive material. It must also have been 
subjected to the least possible amount of distortion 
through violence in the polishing operation. Unless 
this latter requirement be observed the subsequent 
etching may reveal a grain structure entirely different 
from that in the sample as received, and may result in 
quite erroneous conclusions in the investigation. 

The rough flattening of a cut section is best carried 
out in the case of a solid section with a sharp carpenter’s 
plane, and in the case of a section of cable sheathing or 
tubing by machining in a lathe. The subsequent polish- 
ing is carried out with emery cloths of different grades 
down to the finest. This latter operation on most metals 
can be carried out on a revolving lap, but experience 
shows that with lead the best results are obtained when 
the operation is carried out by hand, the sheet of emery 
cloth being fixed to a flat piece of hard wood and the 
sample gently rubbed over it with a to-and-fro motion, 
the direction being changed through 90° for alternate 
grades of paper. This ensures at each stage the removal 
of scratches from the previous polishing. The use of 
paraffin oil, or, better still, paraffin oil in which paraffin 
wax has been dissolved, facilitates the polishing by 
preventing the embedding of grains of emery in the metal. 
= The most suitable etching reagent for a lead sheath 
for general purposes seems to be a 20 per cent solution 
by volume of nitric acid in water. The temperature of 
the solution has a considerable influence on the result, 
and for most low-power work a temperature of 40° C. 
gives excellent results. For high-power work there are 
special points to be observed in the application of the 
acid. These depend on the nature of the sample and 
can only be determined by trial. 

The samples are allowed to stand in a large dish of the 
acid for 4 or 4 hour, the bubbles of gas and any deposit 
generated on the surface of the metal being cleared © 
away at intervals with a camel-hair brush. It will be 
noticed that the first attack of the reagent on the metal 
surface produces a mass of tiny crystals. These, how- 
ever, disappear in a few minutes and the real structure 
is brought out distinctly. This preliminary appearance 


is no doubt due to the crystals in the layer produced by 


the polishing and is similar to the effect noticed by 
Huntingdon.* On completion of the etching the samples 


* See Bibliography, (4). 
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are washed in turn in distilled water, alcohol and ether, 
and then dried and transferred to a collodion varnish, 
which leaves a thin transparent film and permits of the 
samples being stored away for future examination of 
the grain structure. | 

Effect of extruding.—When a lead casting such as a 
pig is allowed to cool naturally, the grains formed are 
large in size and are not equiaxial, i.e. they do not grow 
equally in all directions, but rather as elongated needles 
stretching inwards from the surfaces towards the centre. 
The result is that, although the surface is covered with 
approximately equal polygonal outlines, a prepared 
section of the pig shows a collection of elongated crystals. 
The appearance of these two structures is shown in Fig. 4 
(see Plate 1), and, as will be seen, the grains require no 
microscope for their detection. If, however, lead is cast in 
smaller dimensions than in an ordinary pig, the crystals 
tend to be more equiaxial and smaller. Fig. 5 (see 
Plate I) is the typical structure obtained in this way. 

The process of extruding a cable sheath has a con- 
siderable effect on the grain structure. Whereas the 
melting point of the metal is 327° C., extrusion is carried 
out at 200° C. or less, as at this temperature the metal 
is in a soft plastic state and will remain as formed. 
The mechanical distortion of the mass, the change in 
temperature from one part to another, and the fact that 
different charges in the press merge into one another, 
all combine to produce in the extruded tube a grain 
structure entirely different from that in the cast metal. 
Fig. 6 (see Plate I) shows a typical structure as found in 
an ordinary cable sheath, and it will be seen that the 
large uniform grains of the cast metal have been replaced 
by a collection of small ones varying widely in size. 

When a large crystalline grain passes through the 
passages and die of a sheathing press, it is subjected 
to heavy shearing stresses, which result in a sub-division 
of the grains. It does not follow that the joints between 
the resulting smaller grains form a weakness in the 
structure; it is generally accepted that intercrystalline 
boundaries in a metal are sources of strength and not 
of weakness. When two parts of a grain are moved 
relatively to one another a mobile layer is generated at 
their contact surface and this solidifies, again cementing 
the separate grains rigidly together.* The intercrystal- 
line cement referred to early in the paper is thus actually 
generated in the process of extrusion. 

Effect of annealing.—We have seen in Fig. 5 the typical 
structure found in cast lead. Figs. 7 and 8 (see Plate 1) 
show what changés can be brought about by heat treat- 
ment. The former was obtained by casting a sample of 
commercially pure lead (more than 99-8 per cent pure) in 
one of the steel holders referred to earlier and quenching 
it in cold mercury. In the second example the same 
lead is shown cast in the same way, but cooled to 
atmospheric temperature over a period of 2 hours. 
Thus, if the solidification is made to take place quickly, 
the mass of metal instead of consisting of large crystals 
takes on the form of an amorphous aggregate, which 
really consists of a mass of very minute crystals. An 
entirely amorphous piece of metal has never been pro- 
duced in this way: quite free from crystals, though the 
process of agitating molten lead during solidification for 


* See Bibliography, (3). 


making accumulator plates no doubt approaches this 
condition. Rapid cooling produces small grains, and 
slow cooling large ones. 

' In the same way a piece of lead, whether a cable 
sheath or in another form which is composed of 
small irregular grains through quenching, can be com- 
pletely transformed in structure by being held for a 
period at a temperature just below the melting point. 
This treatment, which apparently causes softening of the 
intercrystalline cement, permits of rearrangement among 
the molecules and is the basis of annealing in all metals. 
The rate at which annealing takes place is a definite 
function of the annealing temperature; the higher this 
temperature the quicker the operation. In ductile 
metals, such as lead, there is quite a wide temperature 
range over which annealing takes place, owing no doubt 
to the mobility of the molecules being sufficient to permit 
re-orientation and consequent crystallization down to 
quite a low temperature. In fact lead is usually con- 
sidered to be self-annealing, i.e. if left long enough after 
deformation it will slowly become re-annealed at normal 
atmospheric temperatures. Because of this character- 
istic, quenching of lead in order to be effective in 
producing a small structure must be carried quickly 
over the wide range necessary to produce the change 
in viscosity which is necessary to restrict the crystal 
growth. | 

Hanson * and, later, Cook and Evans j have shown 
that in annealing a soft metal the grain size produced 
appears to be dependent on the extent of the previous 
deformation. The less the work done on the metal the 
greater the grain size. Also, the temperature required 
to produce appreciable annealing is lower if the defor- 
mation has been great than if it has been slight. 

Considerable light is thrown on the probable mechanism 
of grain change during extrusion by the work of Jeffries, + 
who shows that when a metal is hot-worked the grains 
are momentarily distorted but, owing to the high 
temperature, spontaneous recrystallization is taking 
place throughout the process. The grain size in a com- 
pleted cable sheath is thus dependent on the two 
opposing factors, the reduction due to working and the 
magnification due to annealing. The variation in grain 
size over the section is thus accounted for by one of the 
two effects preponderating ; and the average size will 
form an indication of the finishing temperature. A high 
extrusion temperature will be accompanied by large 
grains and a low temperature by small grains, although 
in a lead press the variation of temperature possible 
will not result in exceptionally large or exceptionally 
small crystals. 

Fig. 9 (see Plate II) shows the effect of annealing a 
cable sheath at 300° C. for 3 hours. Such thorough 
annealing produces very large grains and, if carried on 
sufficiently long, could no doubt be made to convert 
the whole of the sheath into one uniform grain. 


EFFECT OF STRESS ON GRAIN STRUCTURE. 

Three types of loading.—Reference has been made in 
the previous section to the effect of stress as applied 
during the extrusion process, and the authors will have 
occasion to refer to this matter again in the section on 

* See Bibliography, (5). + Ibid., (6). t Ibid., (7). 
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the weld. In order to study certain types of failure to 
which lead-sheathed cables are liable in use, they pro- 
pose now to consider what takes place when a piece of 
cold lead is subjected to stress. 

There are three principal types of stress to be con- 
sidered in discussing the failure of lead sheaths :— 


(1) Tensile stress applied quickly as in a tensile test. 

(2) Tensile stress applied over a long period of time. 

(3) Rapidly applied and removed (or reversed) stress, 
as in cases where vibration is present. 


In the first place, a strip of lead broken in a tensile test 
exhibits, as is well known, plastic fracture, the tensile 
stress being about 2400 lb. per square inch and the 
elongation about 45 per cent. The nature of the break is 
illustrated in Fig. 10 (see Plate II). Examination of such 
a fracture shows that the break has not pulled the crystals 
apart but has deformed them and broken them up. This 
type of fracture is generally characteristic of most metals 
when pulled apart quickly.* Definite evidence of this 
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Fic. 12.—Graph showing connection between amplitude 
and time of vibration to fracture. 


effect is seen in Fig. 11 (see Plate II) which is a magnified 
view of a portion of one of the test strips in Fig. 10, 
including the actual fracture. During the elongation 
accompanying the break the grain size is reduced, 
showing that the break takes place through the grains 
and not round them. The load required to break this 
strip, which had a minimum section of ¿in. by in., 
was 163 lb., equivalent to a stress of 2680 lb. per 
square inch. 

If now, instead of applying a load which will break 
the strip in a few seconds, we select some lesser load, 
we find that fracture can be obtained by leaving the 
sample under test for a long time. The fracture under 
the prolonged load has a plastic appearance similar to 
that obtained under the rapidly applied load. The 
break is also intracrystalline and not intercrystalline. 
The grains break individually rather than pull apart. 
A sample identical with that which broke at 163 lb. on 
a quick test was loaded with a weight of 70 1b. con- 
tinuously in a quiet place at normal temperature and 
failed after 230 hours’ continuous loading. 

To demonstrate the effect of the third type of loading, 
test-pieces (still identical in form and material with the 
previous ones) were suspended in such a way as to be 
subject to high-frequency bending. One end of each of 
the samples was fixed and the other vibrated backwards 


* See Bibliography, (8) and (9). 


and forwards, by means of a motor-driven cam, 
through various amplitudes from 0-01 in. to 0-08 in. 
at a frequency of 3000 per minute. Fig. 12 shows 
the connection between the amplitude and the time 
of vibration before fracture occurred, and Figs. 13 
and 14 (see Plate II) show the general appearance and 
the microstructure at the fracture. In this case the 
grains have generally pulled apart, the cracks following 
the grain boundaries. i 

Infiuence of chemical corrosion.—Although quite dis- 
tinct from the actions underlying the usual disintegration 
of lead cable-sheaths discussed later in the paper, a 
phenomenon which has received a good deal of attention 
from non-ferrous metallurgists, known as “season 
cracking,” is closely allied. Articles of brass and other 
metals are found to crack spontaneously after prolonged 
use. Certain investigators * claim that season cracking 
is entirely due to chemical attack on the intercrystalline 
material. Very definite evidence of the importance of 
both factors, tensile stress and chemical attack, when 
applied to lead samples is given in a paper by Rawdon 
and others, describing an investigation carried out at 
the Bureau of Standards. Test-pieces were suspended 
in various corrosive liquids, as well as in distilled water, 
and carried loads of various magnitudes. Lead with a 
purity of 99:94 per cent was employed for the purpose 
and it was found that intercrystalline brittleness was 
developed when the corroding media were present. The 
action increased with the magnitude of the stress, and 
in all cases microscopic examination showed that only 
the intercrystalline material was attacked, the individual 
grains remaining intact without loss of ductility. It is 
possible that the formation of the products of chemical 
action in the fissures between the grains may cause 
mechanical disruptive pressures owing to the expansion 
of the corrosion products. 

Effects of distortion.—It is widely appreciated that 
lead fails rapidly on repeated distortion. It is evident 
that the usual conception that long-continued stresses 
induce crystallization of a cable sheath is wrong. All 
lead is crystalline. Vibration does not crystallize, nor 
is crystallization the cause of disintegration. | 

In the next section, a number of cases of lead-sheath 
failure through the operation of tke various actions 
referred to above will be examined. 


DISINTEGRATION OF LEAD SHEATHS. | 


Factors involved.—To sum up the theoretical con- 
siderations of previous sections, it appears that physical 
disintegration of a lead cable-sheath in service may be 
controlled by some or all of the following factors :— 


Tensile stress ; 

Repeated distortion ; 

Rapid stressing through vibra“ion ; 
Temperature ; 
Chemical attack. 


Tensile stress if high enough will pull the sheath apart 

by shearing the grains of metal. Repeated distortion 

if sufficiently violent and frequent will do the same. 

If a tensile stress be applied belov the ordinary test 

value, but approaching it in magnitide, and maintained 
* See Bibliography, (10). + Zbid., (11). 
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for a long period, the sheath may ultimately fail. A 
combination of tensile stress with distortion or vibration 
accentuates the effect and may produce a mixture of 
both intercrystalline and intracrystalline failure. As in 
many other engineering problems, cases where only one 
factor is involved are rare, and usually we have to 
assess the responsibility for the effect between the 
various probable causes. In this section the authors 
will examine a few cases which have come to their 
notice and will trace as far as possible the presence of the 
various causes enumerated above. 

Aerial cables.—Aerial lead-covered cables may be sub- 
jected to any or all of the various primary causes of 
disintegration detailed in the previous section. Repeated 
distortion, for instance, may be introduced quite un- 
wittingly by passing direct into a building a cable from 
an open span which swings in the wind. At the point 
of entering the wall the localized stressing may cause 
ultimate failure, unless special precautions are taken. 

The effect of tensile stress with vibration super- 
imposed is shown in Fig. 15 (see Plate 11), which is a 
sample of small telephone cable taken from a line climb- 
ing a steep hill-side in a very exposed position. The 
weight of the cable, no doubt, kept the lead in tension 
and made it more susceptible to the vibration due to 
the wind. — 

Fig. 16 (see Plate II) is a sample of small lead- 
covered telephone cable which had failed in service near 
to gun-firing butts. The concussion caused by the guns 
resulted in severe intercrystalline fracture. 

Cables on ships and railways.—Disintegration of cable 
sheaths on board ship may usually be traced to a com- 
bination of several factors such as “ working ” of the 
hull in rough seas, expansion and contraction through 
temperature change, and the presence of high-frequency 
vibration on turbine boats. Even on boats driven by 
reciprocating engines there are points near to the engine 
room where excessive vibration may be encountered, 
due, for example, to the beat of propellers, and such 
points require special care in the installation of cables. 

Fig. 17 (see Plate II) shows a small vulcanized-rubber 
cable (7/-044 in.) taken from a wooden casing fixed to 
the underside of the deck on a 200-ton paddle steamer. 
The lead was completely broken every few inches over 
a length of several yards amidships and, as will be 
seen from the figuré, in addition to the principal breaks 
the sheath was cracked circumferentially at inter- 
mediate points. Alter rewiring with cable of an entirely 
different manufacture the same part of the ship gave the 
same trouble after ¢ few years. 

Cases of failure of cable sheaths have occurred on tele- 
phone and signalling cables laid alongside railway tracks 
and subjected to thé vibration of passing trains. Fig. 18 
(see Plate IT) shows he microstructure of such an example 
which was taken out after 17 years’ service in a wooden 
trough cleated to the brick wall of a cutting on a main 
line where express|trains pass frequently throughout 
the day. This typk of failure is to be guarded against, 
particularly on brilges. Some years ago one of the 
authors was called¡to see a sample of jute-insulated 
cable taken from a suspension bridge in the west of 


London in which the lead had broken up ‘into small 


pieces and left the| insulation entirely unprotected in 
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many places. The destruction had been most violent 


over the bridge springings, and at these points the 
vibration due to a passing motor omnibus was sufficient 
to vibrate vigorously with an amplitude of $ inch or 
more the wrought-iron pipe carrying the cable. 

Special cases of disintegration.—From time to time 
cases occur of the failure of lead sheaths while the cable 
is still on the drum. The continual passing to and fro 
of a crane over rail joints near to a standing drum of 
cable in a store yard, for instance, has been known to 
produce intercrystalline fracture. The conveyance of 
drums of cable over long distances on badly maintained 
tracks in heavily sprung wagons will produce the typical 
failure, and the same effect can be produced by carrying 
drums of cable in such a position on a steamship as to 
be subjected to engine vibration. 

Figs. 19 and 20 (see Plate III) show an unusual case. 
The cable, a 30-pair 20-lb. telephone cable, was steel- 
tape armoured and laid in the bed of a river where 
the fluctuating stresses to which it was subjected resulted 
in the typical intercrystalline failure shown. 

Disintegration of cable sheaths by vibration can be 
brought about in a rather unique manner, which may 
be mentioned as a warning. When live steam is blown 
into water, violent ‘“‘ bumping ” occurs and the effects 
on the lead sheath of a cable submerged in the vicinity 
of the point where the steam is condensing may be quite 
disastrous, particularly if the lead is in tension. Fig. 21 
(see Plate III) shows the effect on the inside and outside of 
a lead tube 2 in. diameter which was suspended in water 
with a weight of about 160 lb. on its lower end. Just 
sufficient steam was introduced through a ¿-in. pipe 
within a few inches of the tube to cause bumping, and 
in less than an hour the bombardment had produced 
the effect shown. A similar experiment in which the 
water vessel was carried concentrically by the lead tube 
produced the intercrystalline fracture characteristic of 
vibrational disintegration. Fig. 22 (see Plate III) 
shows the tube opened out flat with the cracks produced 
by the “ bumping ” of the condensing steam. 

Mitigation of vibration troubles.—Consideration of the 
factors involved in the disintegration of cable sheaths, 
and of the few typical examples quoted above, point at 
once the way to reducing the risk of trouble from this 
cause. Where vibration is known to occur, for instance 
on railway bridges, care should be taken to avoid 
weakening the lead sheath by excessive handling during 
installation. The cable should also be laid in such a 
manner that the lead cannot be subjected to tension in 
use. For this reason it is advisable on a long run to 
provide loops at intervals so that slack is available for 
taking up during cold weather. The method of support- 
ing the cable should receive attention, as sometimes a 
good deal can be done in the way of preventing the 
vibration reaching the cable by inserting pads or springs 
between it and the supports. The support given by 
wire armouring is, of course, always of great assistance 
in preventing disintegration, as the steel wires not only 
relieve the lead of any tension but prevent repeated 
distortion. When armouring is not practicable a 
thicker lead sheath can be employed with advantage, 
and, as will be described later, the use of special alloys 
is an important safeguard. 
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In all cases of disintegration of lead cable-sheaths it 
will be found that the root of the trouble is either in 
the way in which the cable has been handled or in the 
conditions under which it is laid and used. The brand 
of the lead employed for the purpose, and such questions 
as temperatures of extrusion employed in the factory, 
have no bearing on this question. It has sometimes 
been claimed in cases where dismtegrated sheathing has 
been found that the lead has been “burnt” during 
manufacture. There is no such thing as “ burnt ” lead 
under the conditions of cable extrusion. It is, of course, 
possible to produce oxides of lead under certain con- 
ditions, but so long as the lead is metallic it has definite 
physical properties. 


_ ALLOYS. 

Binary —In order to provide increased strength, 
cables—particularly telephone cables—are very often 
sheathed with a lead alloy instead of with pure lead. 
Alloys are also more resistant to vibrational disinte- 
gration, as was pointed out by Anderegg and Achatz * 
and by Westbrook + and shown later by some of our 
experimental results. The alloys which have been 
principally employed are the 3 per cent tin 97 per cent 
lead and the 1 per cent antimony 99 per cent lead. 

Theoretical considerations.—In order that the various 
factors involved in the operation of alloy sheaths may 
be fully appreciated, it is worth while to review briefly 
one or two elementary points in the theory of alloy 
formation which may not be well known to electrical 
engineers. 

In the first place, the question of solid solution requires 
some explanation. In the molten condition most metals 
mix completely with one another, but in the solid con- 
dition this does not always hold. Certain mixtures 
remain true solutions when solidified by cooling and 
form what are called solid solutions. More frequently, 
however, cooling a mixture results in the whole of one 
component remaining combined with part only of the 
other component, the remainder of the second component 
being thrown out as separate, more or less pure crystals. 

In the true solid solution the individual crystals in 
the grain structure contain both metals. In the second 
type of alloy mentioned, known as duplex alloys, some 
of the individual crystals consist of the solid solution 
of one metal in the other, and other crystals of one of 
the metals in a more or less pure state. As the cooling 
takes place the crystals of solid solution first form in a 
matrix the solidification temperature of which is still 
lower. Further cooling results in the formation of 
crystals of solid solutions varying in composition and 
ultimately brings the temperature down to that at which 
the entire mass solidifies. The mixture of the two 
component metals which resists solidification down to 
this lower temperature is known as the eutectic. As 
the particular proportion of two metals which results 
in stability is different for the liquid and solid con- 
ditions, it follows that on cooling to solidification an 
unstable condition may easily be produced. As a 
matter of fact the composition of an alloy may undergo 
appreciable change subsequent to solidification, owing 
to the tendency of the components to readjust them- 
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selves to the solid conditions, during which the propor- 
tion of metal in the solid solution undergoes a change, 
excess of one metal being thrown out as separate crystals. 

These points are illustrated by the solidification of 
the well-known 3 per cent tin and 1 per cent antimony 
lead-sheath alloys. Lead in the solid state will only 
take about 0-25 per cent of antimony into complete 
solid solution,* so that a 1 per cent sheathing normally 
contains crystals of more or less pure antimony in 
addition to the crystals of solid solution. The solid 
solubility of tin in lead is much higher than the value 
for antimony in lead. 

Differences in the crystal state result in considerable 
differences in the physical properties of an alloy, and 
that is why the 3 per cent tin and 1 per cent antimony 
alloys are so much harder and resist deformation so 
much better than pure lead. The structural changes 
which take place slowly after solidification are also 
accompanied by changes in the physical properties. 
For instance, at the temperature at which cable sheath 
is extruded, lead will hold over 2 per cent of antimony. 
The fall to atmospheric temperature results in an excess 
of antimony over the 0:25 per cent normal content, 
which in course of timé separates out as small metallic 


' crystals. Such separation hardens the metal, and this 


phenomenon is known as age-hardening. Rapid cooling 
of the metal produces a super-saturated solid solution 
which is unstable and consequently liable to produce 
this hardening effect. - ; l 

Ternary.—A number of binary, ternary and quaternary 
alloys of lead with small quantities of metals other than 
those previously referred to, such as cadmium, man- 
ganese, copper, bismuth, etc., have been patented and 
put forward as suitable for cable sheathing. A con- 
siderable amount of research work has been carried out 
on this subject by the British Non-Ferrous Metals 
Research Association, and two ternary alloys for which 
a Patent Specification has recently appeared f are 
attracting some attention at present for cable sheathing 
and merit a description. The authors are permitted to 
publish this information by the courtesy of the Associa- 
tion. The two ternary alloys particularly referred to 
are :— 


(1) 98-25 per cent lead 
0-25 per cent cadmium: 
1-5 per cent tin 

(2) 99-25 per cent lead 
0-25 per cent cadmium 
0-5 per cent antimony 


As has been seen, the introduction of tin improves 
the mechanical properties, but relatively large quantities 
are required, 3 per cent being generally adopted, and its 
use is therefore expensive. Antimony has a similar 
effect in improving the mechanical properties. The 
introduction of cadmium also gives improved mechanical 
properties to lead, particularly with regard to resistance 
to failure under alternating stresses, and to produce 
this result smaller quantities are required than with 
either tin or antimony. By alloying the lead with small 
quantities of two of these metals and producing a 
ternary alloy of lead-tin-cadmium or lead-antimony- 


* See Bibliography, (14). + Ibid., (15). 


286 


cadmium, the combined advantages of both added 
metals are incorporated in the resulting alloy and, in 
addition, much less tin or antimony is required than in 
_ the case when either is added separately. 

Alternating-stress tests carried out on the Haig tester 
in the Research Association tests indicated that the 
ternary alloy 0-25 per cent cadmium 1-5 per cent tin 
possessed a fatigue limit more than three times that 
obtained with pure lead, and the alloy 0-25 per cent 
cadmium 0-5 per cent antimony had a fatigue limit 
which was more than four times that of pure lead. 
The fatigue tests carried out by the authors and given 
later in the paper generally confirm these results. 

No difficulty has been experienced with the soldering 
properties of these ternary alloys, and, owing to their 
high fatigue limit in comparison with that of lead, their 
use should therefore greatly reduce the liability of cable 
sheathing to cracking under abnormal conditions of 
vibration. 


EXPERIMENTS WITH FATIGUE TESTER. 


In order to determine the resistance of various lead 
alloys to vibrational disintegration and their suitability 
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Fic. 23.—Graph showing relation between the load and the 
number of vibrations to produce fracture. 


for cable sheathing, it is necessary to have a means of 
subjecting samples of the metals to rapid vibration 
under perfectly standard conditions of stress, and of 
amplitude and frequency of vibration. 

The machine employed by the authors for subjecting 
soft metals to such a test is based on the design described 
by Townsend,* and consists of a series of cams carried 
cna high-speed shaft for producing vibrational movement. 

The samples to be tested are stamped out of extruded 
sheathing to the required shape by means of a special 
tool. They are clamped in the machine so that one 


end is held stationary and the other end is clamped to - 


a pivoted lever to which definite loads may be attached. 
The middle of the sample is vibrated transversely by 
means of cams actuated by a central shaft driven at 
a high speed directly from a motor. The cams are 
submerged in oil and are so constructed that the ampli- 
tude of vibration may be varied from 0:020 in. to 
0-160 in. The frequency of vibration may be regulated 
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by means of a resistance from zero up to 2 000 complete 
revolutions per minute. A geared counting attachment 
registers the number of complete vibrations to which 
the samples are subjected. Twelve samples may be 
tested at once and, in order to avoid any possibility of 
error, a number of samples of one alloy are tested in 
different positions in the machine. 

Fig. 23 shows the relation between the number 
of vibrations to which the various alloys have been 
subjected before fracture occurred on this machine 
with tension applied to the test-piece. The amplitude 
of vibration was kept constant during these tests at 
0-16in. It will be seen that the order in which the 
metals may be placed as far as resistance to vibration 
is concerned is :— | 


Lead, 

Tin-lead binary alloy, 

Antimonial-lead binary alloy, 
Antimonial-cadmium-lead ternary alloy, 


the last-mentioned being the most resistant. 

Similar tests were carried out with an amplitude of 
0-02 in., but in this test none of the samples had com- 
menced to fracture after 10 million vibrations when 
under a tension of about 100 lb. or 200 Ib. per sq. in. 

It is apparent that the amplitude of vibration has a 


Fic. 24.—Flow of plastic 
metal through cylinder. 


Fic. 25.—Flow of plastic metal 
in the form of a tube. 


very important influence on the failure of lead and its 
alloys by vibration. 


THE EXTRUSION PROCESS. 


Analysis by models.—In the structure of a cable 
sheath there are many interesting features which involve 
considerations of the process of applying the tube to 
the cable. As is well known, the lead is applied in a 
plastic state by extrusion through a die surrounding 
the cable and through which the cable advances as the 
sheath is applied. From what has been said earlier 
about the dependence of physical properties on grain 
structure it is evident that the nature of the stream-line 
flow in the formation of the tube at the press is an 
important criterion in the quality of the finished sheath. 

To understand clearly the nature of the lead flow it 
is advisable to consider in the first place what happens 
when a ram forces a mass of plastic material in the 
form of a cylindrical rod from a simple cylinder as 
shown in Fig. 24. When the rod has forced the 
mass down to CD, is withdrawn, and then applies 
pressure to a new charge ABCD, the surface of contact 
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between the old and the new charge does not advance 
as a plane surface, but, owing to friction between the 
material and the sides of the cylinder, the centre advances 
at a greater rate than the outside and the contact 
surface assumes a depression of increasing depth, as 
shown by the successive dotted lines. In the rod issuing 
from the die there may consequently be a long tongue- 
shaped junction surface between the charges. If, 
instead of a rod, a tube is being extruded, the tongue 
produced by one charge working its way into the pre- 
vious one may exist in both sides of the wall of the 
tube, as shown in Fig. 25. In the formation of a 
tube, however, a further irregularity is usually found. 
To form the tube the lead must pass round the 
cable and join up from opposite sides as shown in 
Fig. 26, resulting in a joint or weld at W. 

It will be evident that complicated combinations of 
the simple form of weld shown in Figs. 25 and 26 will 
be met in practice owing to slight variations in rough- 
mess and temperature at different parts of the flow 
causing variation in velocity of different parts of the 
mass, as well as the action of Fig..26 taking place in a 
large die chamber before actual extrusion. The 


Fic. 26.—Flow of plastic metal round a cable. 


changes that do take place, however, are con- 
veniently studied by the extrusion of coloured 
waxes in model presses, and Fig. 27 (see Plate III) 
shows sections cut from such a model tube. The 
upper sections were made by charging the container 
with a dark-coloured wax, extruding the charge, refilling 
with a light-coloured wax and again extruding. The 
light wax has advanced at a more rapid rate than the 
residual dark wax and, in addition, is advancing un- 
evenly, the top portion leading. Finally, the tube 
consists of the light-coloured wax with a residual thin 
wedge-shaped band of the dark wax. The lower 
sections carry the process further. Seven alternate 
charges of light and dark waxes have been extruded 
and in each instance the charge has advanced rapidly 
in the top portion of the tube, a succession of 
incomplete annuli being formed. From a consideration 
of the photograph it will be evident that a series of 
metallic residues will be retained at the bottom 
of the tube, as is shown in the last section. These go 
to make the peculiar structure found in some welds. 
It will thus be seen that, in addition to the weld being 
formed by the passage and rejoining of two separate 
streams of lead round the cable as described earlier in 
this section, this characteristic structure may also be 


produced by the unequal velocity of the different 
portions of the contact surface between two charges. 

Characteristic structures.—Figs. 28 and 29 (see Plate 111) 
are etched sections of actual cable sheathings showing 
characteristic structures sometimes encountered. Fig. 28 
is a magnified view of a weld from one type of press ; the 
stream lines formed from residual metal are shown up 
as an alteration in crystal size owing to increased 
deformation at this point, as indicated in the previous 
section. Provided suitable working of the press is 
adopted, the junction is metallic and no weakness will 
exist. 

Fig. 29 shows a further type of weld. In this etched 
section the weld is simply indicated by a depression 
formed during etching, and the large crystal structure 
is continuous across the junction. 

Structural defects.—It is evident from what has been 
said in the previous section that the stream lines 
resulting from any extrusion process may under excep- 
tional circumstances produce defects. Experiments 
have indicated that unless due precautions are taken 
the metal at the weld may contain lead oxide, oil, 
carbon derived from charred oil, and other dirt between 
the crystals. Under these conditions treatment of a — 
sample in preparation with caustic-soda solution will 
remove the lead oxide, etc., leaving a honeycomb struc- 
ture of lead at the junction. Analyses carried out on 
metal taken from the weld and from elsewhere in the 
sheathing indicate that there is practically no tendency 
for traces of foreign metals present in the lead to 
accumulate at the weld. 

One of the most serious defects that can exist in a 
cable sheath is that known as split lead. The weakness 
which shows up as a longitudinal split in the tube may 
be quite invisible when the cable leaves the press. It 
may actually hold up during factory tests and only be 
revealed by mechanical distortion. The condition does 
not necessarily hold over an entire length of cable but 
usually appears only for a few yards at a time, with per- 
fectly sound lead on either side of the defective portion. 
Fig. 30 (see Plate III) shows this type of failure. 

In extreme cases the metal at the weld may have 
little tensile strength and, on bending, easily fractures. 
Fractures of this nature which have occurred in practice 
are illustrated in Fig. 31 (see Plate IV). 

It is evident from what has been said of the extrusion 
process that split lead is entirely associated with the 
formation of foreign material at the weld between 
the two or more streams of metal which flow round 
the cable in the die chamber. The efficiency of the 
joint between these separate streams is largely dependent 
upon the care taken to eliminate oxide and dirt and, 
to some extent, on the type of press used, and in the 
next section the authors will show the outstanding 
differences between different existing types of press and 
will describe briefly a new form of press in which the 
longitudinal weld is entirely eliminated. 

Occasionally a defect in the form of a surface blister 
is noticed in a lead sheath. The blister may be } in. 
to. 1 in. in width measured circumferentially, and will 
sometimes run several yards along the length of 
cable. The preparation of a section gives a very 
useful idea of what has happened in such a case 
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as shown by Fig. 32 (see Plate 1V.) The blister 
is shown in section and, as will be seen, occurs 
in one of the lines of flow at the weld, which is 
clearly defined. Examination of this particular sample 
showed that the space under the blister contained a 
quantity of lead oxide or dirt which, accumulating in 
the line of flow, had prevented amalgamation between 
the sliding surfaces. Evidence that, apart from the 
foreign inclusion, the press in this case was producing 
a sound sheath is given by the appearance of the 
opposite side of the sheath. The sample came from a 
double-cylinder press, and the second weld is perfect. 
The break is where the sheath was cut open to remove 
the sample from the cable. 

A good example of blistered lead is shown in Fig. 33 
(see Plate IV). By etching a section of the sheathing it 
was proved that the defect in this case was due to 
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uneven mixing of an alloy, producing, during extrusion, 
flakes having different physical properties. 


THE STRAIGHT-THROUGH LEAD PRESS. 


Special features of design.—Until quite recently all 
lead cable-sheathing has been made on the type of lead 
press in which the tube is formed by forcing the mass 
of lead into a chamber surrounding the cable where it 
flows in a divided stream around the cable and joins 
up again on the opposite side. In a tube from this 
form of press there is thus bound to be a continuous 
weld along the entire length of the cable. When suit- 
able methods are employed there is perfect metallic 
continuity in these welds, but, unless precautions are 
taken, defective welds may result. Figs. 34 and 35 
show in outline the two common forms of lead press 
producing this type of structure in the sheath. In 
the former or vertical type, the lead is forced from 
the container by a ram operating vertically, divides 
into two streams as it passes round the cable and 
reunites on the further side of the cable, so producing 
the welds. In the horizontal type with two opposing 
cylinders having rams working into one common die 
box, there are two streams of lead and consequently 
two welds, one at the top of the sheath as it emerges 
from the die and one at the bottom. 

The new “straight-through ” type of press recently 
invented by Mr. Judge,* of the company with which 
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the authors are connected, is a drastic departure from 
previous designs, as will be seen from Fig. 36 which is 
a diagrammatic longitudinal section. The outstanding 
feature of this new design is the passing of the cable 
to be covered through the centre of thé hydraulic lead 
rams, so permitting the looping of the mass of lead 
round the cable in a perfectly fluid form, and the entire 
elimination of any weld between solid or even plastic 
metal faces in the formation of the tube. The die for 
the outside of the lead tube is carried at the front of 
the press, following usual practice, but in order to avoid 
breaking up the annular stream of lead the point forming 
the inside diameter of the lead tube is carried centrally 
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Fic. 35.—Horizontal type of cable press. 


Water cylinder 


from the back end through the entire length of the 
lead cylinder. 

The lead ram is necessarily of peculiar design. The 
head presents an unbroken ring for pressing the charge 
of lead forward, the pressure being transmitted to it 
from the hydraulic piston behind by means of four 
segmental shaped legs which pass through shaped holes 
at the rear of the point holder and lead container. 

In operation the lead ram is drawn back for cleaning, 
the ram then advanced sufficiently far to close the special 
cleaning ports and the cylinder filled with molten lead 
from the lead pot mounted on the top of the press. By 
inclining the main axis of the press upwards towards 
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Fic. 36.—Straight-through cable press. 


the back, air is excluded from the container when 
recharging. 

Sheath structure obtained on straight-through press.—It 
is obvious from a consideration of the operation of the 
straight-through press that the longitudinal weld and 
its attendant weaknesses are entirely avoided. During 
the past 12 months the authors have had the privilege 
of carrying out a complete investigation on the cable 
sheaths made on one of these new presses, and a selection 
of photographs showing the improvements obtained are 
reproduced in Figs. 38 to 41 (see Plate IV). 

Fig. 38 shows an etched section of normal sheathing 
taken from the straight-through press. 1t will be seen 
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that the crystal structure shows no stream lines what- 
ever, the whole cross-section consisting of sound metal 
of normal crystalline construction. The section is cut 
at a point within a single charge and, as will be seen, 
the mtroduction of a new charge produces certain other 
. features. In Fig. 39, for instance, several masses of 
small crystals are contained in the section of the sheathing 
arranged more or less circumferentially. This is the 
first indication of a new charge being forced into the 
previous ones, but, as will be seen, it introduces no weak- 
ness. Fig. 40 shows that further along the length the 
new charge occupies more of the cross-sectional area 
and that there is slightly uneven advancement, the 
structure being an incomplete ring of the new charge, 
the circumference of which is surrounded by the old 
charge. Still further along the length of sheathing the 
new charge is in the form of a complete ring surrounded 
by the remains of the old charge, as shown in Fig. 41, 
and finally a featureless section is again produced. In 
the sheathing examined from the straight-through press, 
stream-line features are entirely absent for more than 
three-quarters of the length of a complete charge of lead 
from the container and, as shown in the figures, where 
they do appear they take the form of a perfect annular 
scarf. 

Bursting tests carried out on tubing extruded by this 
press give bursts of the form shown in Fig. 37 (see 
Plate IV), where it may be clearly seen that the lead 
has burst with a clean longitudinal tear typical of 
sound lead. There can be no split-lead fracture. 
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DISCUSSION ON 
“THE APPLICATIONS OF ELECTRICITY IN WARSHIPS.” * 


MERSEY AND NorTH WALES (LIVERPOOL) CENTRE, AT LIVERPOOL, 7TH NOVEMBER, 1927. 


Mr. J. H. Collie: I do not suppose that many 
members present have had the opportunity of going 
over a modern battleship, but when I state that the 
cost of the electrical equipment is about £250 000, 
which is the cost of a moderate-sized capital power 
station, some idea of the size and complexity of the 
work, and the great skill required in the design and 
supervision of it, will be gained. The author has not 
said much about some of the new methods introduced 
by the late Mr. Wordingham and himself, but some 
of these were rather revolutionary at the time and 
were rather severely criticized. The most striking of 
these was the introduction of the paper-insulated ring- 
main system, which took the place of a multiple dis- 
tribution system requiring an enormous number of 
cables. spread all over the ship, and involving excessive 
drilling of water-tight bulkheads and especially large 
sections of cable to obviate excessive drop of pressure. 
In some cases the current-carrying capacity of these 
cables had to be reduced to 100 amperes per square 
inch. The ring main simplified distribution, cut down 
the amount of copper very considerably, reduced the 
drilling of bulkheads, simplified the division of the 
power supply into self-contained sections, and has 
proved itself to be efficient and quite satisfactory in 
war service. Another innovation was mica insulation. 
Previous to this the insulation generally employed was 
vulcanized fibre and press-spahn, which was extremely 
unsatisfactory where conditions of dampness and heat 
occurred. It was almost impossible with these materials 
to comply with tests laid down by the Admiralty. In 
some vessels, before the introduction of mica, it was 
often necessary to remove armatures, field coils and 
various pieces of electrical machinery from the ship 
and stove them all night before a satisfactory insulation 
test could be obtained. Needless to say, after a day or 
two the insulation resistance was as low as before the 
stoving.: This entailed, of course, a great waste of 
time and money, and was completely overcome by the 
introduction of mica and micanite, which was used for 
machines, switchboards and fittings of various types. 
I think manufacturers followed the lead of the Admiralty 
in this respect for the windings of motors and generators. 
Another introduction was that of circuit breakers and 
remote control. In earlier days circuits were controlled 
by hand switches from one main switchboard. This 
was a great advance, as it made it possible to operate 
any circuit or piece of machinery, either from a main 
controlling switchboard, or locally, as required. Another 
introduction was the “ main guard system,” which was 
a system to cut off automatically a section of the ring 
main in the event of flooding in any compartment. 
I collaborated with Mr. Wordingham in the application 
of this system, which was fitted to a number of ships, 
but which, I understand, has been considerably modified 
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in later years. In connection with this point 1 might 
mention the difficulty experienced in making boxes 
and fittings watertight under flooding conditions. The 
Admiralty spent much time and thought on this problem, 
but I think in practice it was found almost impossible 
to obtain perfect results, and, apart from very special 
cases, I think ordinary watertight methods have to 
some extent been followed. It always seemed to me 
that the only way to ensure the watertightness of ring- 
main boxes and switches was to have them filled with 
oil, with an inspection glass to show that the oil-level 
was maintained. If the oil-level is maintained it is 
impossible for water to get in, even under flood con- 
ditions. Mr. Wordingham was very keen on the intro- 
duction of standardized fittings, and worked very hard 
as chairman of several committees on this subject. 
The author has not said much about Admiralty tests 
as carried out on vessels. These are called, for some 
reason, balancing trials, probably because they were 
originally carried out by the Wheatstone bridge method. 
Every circuit is tested for insulation and ohmic resist- 
ance, and this is a very laborious and intricate business. 
These tests are carried out by officers of the torpedo 
and gunnery departments, and they became very expert 
at the job. It would appear to the ordinary engineer 
that the ohmic-resistance tests were rather useless, but 
in circuits where low pressure is used, such as gun and 
torpedo circuits, a dirty or poor connection might cause 
a failure, and this test makes sure that such is not the 
case. It also enables the testing officer to see that all 
the instruments are coupled up for his insulation test, 
as he knows exactly what the ohmic resistance should 
be from the number of instruments on any particular 
circuit. This also applies to motors and lights. The 
author refers to the question of the application of 
motors to gun turrets. This was a very vexed question, 
and I think the electrically-driven hydraulic system is 
probably the most satisfactory and reliable, when we 
consider the small and precise movements required. 
The application of the electric drive for large capstans 
has only been adopted in recent years, and has been 
made possible by contactor switchgear, which enables 
the motor to be stalled. One would rather gather from 
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that he is not very enthusiastic about it. My own 
opinion is that, apart from warships, where the question 
of cruising speeds is a very important one, we have not 
yet arrived at the time when the advantages claimed, 
namely, economy at cruising speed and extra flexibility, 
can justify the extra cost and weight involved, as in 
large passenger vessels, except in exceptional cases. 
Mr. J. E. Allan : The author introduces his paper 
by stating that certain items of technical research are 
left untouched or undeveloped on account of their 
confidential nature, which is only to be expected; but 
I consider that many of the difficulties which are met ' 


r 
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with in Naval practice have also to be overcome in the 
Merchant Service, and I would suggest that, as the 
nation as a whole are contributing towards the cost of 
such experiments, some benefit to merchant shipowners 
ought to be derived by them through a closer co-opera- 
tion between their representatives and those of the 
Admiralty, where this is possible. A considerable 
number of the difficulties to be surmounted are common 
to both services, and it seems a pity that the results of 
experiments which are carried out from time to time 
by the Admiralty are not disclosed in confidence to 
responsible representatives of the Merchant Service. 
For example, a new feature or design might be examined 
by the Admiralty and after experiment found to be no 
improvement or unsuitable for their purpose, whereas 
it might be of considerable value to the Merchant 
Service. In the present circumstances the Merchant 
Service would have no knowledge of the subject and the 
matter would rest.there. I have no doubt the author 
will give this matter his very careful consideration in 
the hope of bringing together the parties concerned. 
It is interesting to note that H.M.S. “ Polyphemus ” 
was the only warship wired on the earth-return system ; 
a ship bearing the same name in the fleet of merchant 
vessels, for the electrical installation of which I am 
responsible, can be said to have beaten its contemporary 
by being earthed. on both poles on many occasions, 
until of sheer necessity the wiring had to be renewed. 
This brings me to the point which is uppermost in my 
mind, i.e. the question of the cables. Reviewing the 
progress made in electrical equipment during the past 
20 years, vast strides have been made in the mechanical 
side of electrical engineering, but unfortunately similar 
progress cannot be claimed for the manufacture of the 
electric cables which play such an important part in 
the success of a ship’s electrical equipment. The 
author makes reference to the general use of vulcanized- 
rubber lead-covered cables in the Service and it would 
be interesting to know whether his experiences are 
similar to those which have been found in the Merchant 
. Service, especially in vessels trading in hot climates. 
In such vessels this type of cable, whether of a high or 
low grade of insulation, has only a very short effective 
life and the renewal of cables forms a great proportion 
of electrical maintenance costs. Experience has shown 
that the cables have to be renewed approximately every 
10 to 12 years, while the machinery, i.e. dynamos, 
motors, etc., have, except in very few cases, given 
continuous service during periods of 25 years and over. 
The principal causes of breakdown in electric cables 
may be briefly stated as follows :— 


(1) Deterioration of rubber due to the unstable nature 
of this compound. 

(2) Chemical action reducing the lead sheathing to 
salts of lead. 

(3) Cracking of lead due to vibration. 

(4) Pitting and corrosion of sheathing due to local 
electrolytic action caused by salt-laden moisture 
lodging between the cables and the steel struc- 
tures to which they are secured. 


I would mention here that the practice of earthing 
the cables at their terminal ends does not in any way 


overcome this difficulty, owing to the fact that the 
chemical action is absolutely local to the parts exposed. 
A new difficulty now presenting itself which, I am 
afraid, even the Ship Electrical Equipment Committee 
of the Institution have not anticipated, is the compara- 
tively rapid destruction of the ends of the rubber 


- insulation of cables in use in Diesel-engined ships or in 


situations where oil and oil vapour have access to the 
cables. It has been conclusively proved that the oily 
vapour present in such circumstances attacks the 


_ exposed ends of rubber cables, rendering it unfit for 


use as an insulating medium. The defect spreads 


| along the rubber, causing ultimate breakdown of the 


insulation with consequent stoppages of machinery, and 
ultimately the renewal of the cables becomes necessary. 


TABLE A. 
Approžimate dlamieter Breakdown voltage 
Number of 
sample 
Overall Core > Maximum | Average 
Small diameter 
in, in. volts volts 
12 400 
0-26 0-13 1 { 9 900 10 700 
11 600 
0-26 0-13 2 8 250 9 900 
10 6001 
0-26 0-13 3 9 900 10 300 
Large diameter 
11 900 
0-36 0-22 1 9 900 12 000 
15 200 
14 000 
0-36 0-22 2 12 700 13 400 
16 500 l 
0-36 0-22 3 11 600 13 800 
13 200 


As a precaution against this form of attack we have 
carried out the experiment of serving with varnished 
cambric tape the ends of all rubber-insulated cables 
fitted in the engine room. This expedient, however, 
does not overcome the difficulty previously mentioned, 
due no doubt to the fact that the tape in question is 
impregnated with varnish having oil as a constituent. 
The oily vapour in the engine room lodges on the cable 
ends and acts as a solvent, which percolates through 
the cambric to the rubber with the result stated above. 
Further experiments have been carried out with a new 
type of cambric-insulated cable, and up to the present 
very promising results have been obtained. Samples 
which have been immersed in fuel oil have shown no 
capillary action or percolation after 2 months’ immer- 
sion, and breakdown tests have shown the results given 
below. This cable is unaffected by oils or oil vapour 
which act as solvents to varnishes used in the manu- 
facture of cambric tape as at present in use. Certain 
samples of this cable, without any protection in the 
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form of lead covering or armouring, were used in con- 
necting the electric galley range to the controlling 
switch panels, in a galley in one of the Diesel vessels 
owned by the firm with which 1 am associated. These 
samples were subjected to the high temperatures, 
grease, salt water and other adverse conditions which 
are met with in such places. At the end of a voyage 
lasting approximately 5 months the cables were removed 
and tested at the Liverpool University. The breakdown 
strength was measured by immersing the cable in water 
and applying pressure between the inner core and the 
water, while the pressure was gradually increased at 
the rate of 1000 volts per second, with alternating 
pressure at a frequency of 50 cycles per second, until 
the breakdown occurred. The results obtained are 
shown in Table A. 

Mr. J.C. Prescott: It is very interesting to con- 
sider the effect which the Washington Treaty may have 
upon the problems of electrical designers in the future, 
for apparently the new conditions imposed must 
necessitate a new orientation of-effort in design. The 
displacement of the ship is now definitely limited, but 
the cost is not restricted (by the Treaty) and therefore 
the effect will presumably be to encourage the develop- 
ment of more expensive apparatus having a high output 
for a given weight. In comparisons of cost the initial 
outlay must be considered together with the length of 
service expected, and it is in the latter connection that 
I should like to refer to the figures for submarine 
batteries which appear on page 848 (vol. 65). These 
figures for weight and output are only slightly different 
from those obtained on modern automobile driving 
batteries in which the “ expected life” is a matter of 
considerable importance to the designer. It occurs to 
me that possibly the tendency in the future may be 
towards the production of a submarine battery having 
a high output for unit weight, to obtain which, sacrifice 
will be made in the “ expected life.” The author 
gives 2) years as being the life of a certain British 
submarine battery of high output, and, while saying 
that this is too low, he does not state what period 
would be considered satisfactory by the Naval designers. 
I should like to inquire, therefore, what would be 
accepted as a reasonable life for a battery and also 
whether the Admiralty is now inclined to view with 
greater lenience the possibility of frequent battery 
renewals. 

Mr. W. D. Kirkpatrick: On a certain occasion 
one of H.M. battle cruisers went into action and suffered 
damage to her ring-main system, thereby being put out 
of action so far as electrical power was concerned. 
As a direct consequence of this occurrence all the 
principal capital ships were equipped with change-over 
switches arranged to supply electrical power to the 

essential fire control and communication circuits inde- 
pendently of the ring main. 1 was directly associated 
with the design and manufacture of this switchgear, 
which was constructed in the Fleet in record time. 


Although it was made up with available ships’ stores, — 


it was manufactured according to Admiralty specifica- 
tion with iron frames and mica insulation such as the 
author refers to. In view of this experience I should 
like to ask whether any emergency application of the 
kind is embodied in the latest ships, because any 
damage to ring mains did not appear to have been 
considered possible up to the time of the war. 

Mr. C. Rettie : With reference to item (10) on 
page 856, “ Ability to place main turbines where most 
convenient,’’ I should like to draw attention to Fig. 18, 
which shows that the prime movers are well protected 
from gunfire, shells bursting, and from torpedo attack 
from the sides. The driving motors, however, are in 
the position they would occupy if the steam turbines 
were directly connected with the propellers. If one 
of the out-board motors were blown away, would it be 
possible to concentrate the whole of the power on the 
three remaining motors? In the Jutland Battle 
H.M.S. ‘‘ Chester ” got too near the enemy fire, with 
the result that the whole of the upper deck was swept 
away, and it was only her exceptionally high speed 
and the fact that her machinery was left intact that 
saved the ship. Would an electrically driven ship 
under similar circumstances be at greater advantage 
than a steam-driven ship, i.e. could the motors be 
temporarily overloaded or (in the case of synchronous 
motors) over-excited until the ship could get into 
safety ? I should like to ask the author whether he 
has lost faith in the electric drive. In the discussion 
on the paper read before the Institution of Naval 
Architects in 1923, Mr. McClelland quoted Sir E. Tennyson 
D’Eyncourt’s statement that “ Under the terms of the 
Washington Conference the weight of oil fuel will not 
be taken into consideration in the limit of tonnage per 
ship, and therefore this cannot be taken against the 
weight of machinery, with the result that if the electric 
drive means an increase in weight this has to be taken 
from the fighting qualities of the ship.” Mr. McClelland 
went on to say “I think that unless America is getting 
over the difficulty by so arranging the machinery that 
the total weight of the ship is not affected, America, 
for once, must have been caught napping. I am of 
opinion, however, that the net increase in weight on 
the American ships over that required for a geared 
drive must be negligible, otherwise America would 
presumably not continue to adopt the electric drive.” 
The author has evidently been converted to the views 
then held by our Naval experts, as he stated to-night 
that unless the difficulties of weight and space are over- 
come, electric drive, at least as far as our Navy is con- 
cerned, will not make any headway. 

Mr. J. K. Burkitt: I suppose it is a matter for 
debate as to whether engine-room control or bridge 
control is the better, but I should think that a warship 
especially lends itself to bridge control, as very accurate 
and very quick manceuvring is required. What are 
the author’s experiences in this direction ? 


[The author's reply to this discussion will be found on 
page 301. 
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Mr. J. F. Nielson: The author refers to the old 
** Inflexible ” as having been fitted out with electric 
light in the year 1881. Searchlights were, of course, used 
before that time, but the ‘‘ Inflexible ” was the first 
warship to have a complete electric light installation. 
It is interesting to recall that it was the late Lord Fisher 
who, as First Sea Lord, was responsible during the late 
war for sending out the successor to that name, along 
with the “ Invincible,” just in the nick of time to the 
Falkland Islands to meet and defeat the German cruisers. 
He was the captain of that older “ Inflexible *” at the 
time when this installation was carried out, and it is 
still more interesting to find that, in his “‘ Memoirs,” he 
refers to the circumstances which occasioned that 
momentous decision being taken, for he tells us that 
it was owing to his own personal interest in the Swan 
lamp, and to Mr. Henry Edmund’s lucid demonstration 
of it in a shed in Portsmouth Dockyard in the presence 
of the Admiral Superintendent of that day, that the 
decision was made to install this new illuminant in 


the old “ Inflexible.” The ring-main system was, as the © 


author says, introduced into the Navy in 1904 by the late 
Mr. Wordingham, and, if my memory serves me right, 
it was two ships, the new “ Inflexible ” and “ Invincible,” 
both built on the Clyde, which were chosen for that 
purpose. Mr. Skinner and I worked out the details of 
that system with Mr. Wordingham and introduced it into 
these two ships. That ring main consisted of a cable 
1-25 sq. in. in section, which is only slightly smaller 
than the ring-main cable fitted in large cruisers to-day. 
The author’s treatment of electric propulsion is par- 
ticularly happy. So much has been and can be said 
both for and against it that it is exceedingly difficult 
to steer a straight course between, but I think it will 
be generally admitted that the author has succeeded 
in stating without bias his views on this question, views 
based on actual observation of some of the American 
electrically propelled battleships, and also, more recently, 
upon his own experience in connection with the “ Adven- 
ture,” of which installation he has shown some lantern 
slides. I believe that two or three years were spent 
in evolving the best type of lighting fittings, and the 
results obtained in practice are proving very satisfactory. 
It is, and always will be, a difficult matter to obtain 
a standard of perfection of illumination on board ship, 
owing to the many obstructions which have to be over- 
come and the low headroom which militates against 
good distribution without glare. The standard of 
workmanship set by the electrical department of the 
Admiralty has, ever since Mr. Wordingham entered its 
service, been a very high une, and there is no doubt 
that this high standard has been reflected in the class of 
work to be seen to-day in the best examples of our 
passenger steamers. In saying that, I would not 
have it thought that shipbuilders have been led to 
follow Admiralty practice blindly, because the require- 
ments of the Mercantile Marine are very different from 
those of the Navy. A class of electrician has grown up 


who, through contact with, and experience of, Admiralty» |, 
. requirements, is competent to make a very much: better. 


engineering job in merchant ships than if the Admiralty 
had never set a standard for him to follow. My only 
criticism of Admiralty methods is that I am convinced 
that the Admiralty have in the past been too much 
impressed with the idea that, if they are to get the very 
best possible installation, they must, wherever prac- 
ticable, design their own machinery and fittings. In 
these days of highly developed specialization it is 
impossible for anybody, however 'highly trained, to be 
able to compete as regards design with firms whose 
staffs have devoted the greater part of their lives to 
their own particular line of manufacture. I venture 
to suggest that, in respect of many pieces of apparatus 
and accessories designed by the Admiralty, better gear 
and better service would be obtained by adopting the 
best that firms, unrestricted by Admiralty designs and 
specifications, could offer. I realize and know per- 
fectly well that the author is doing everything he 
possibly can to encourage manufacturers to bring 
forward the best that they can produce, and to learn 
from them and from others what is being done outside 
the Admiralty, and so take advantage of their experi- 
ence. At the present time, the question of the best 
type and form of cables is being investigated by the 
Admiralty, and the author and his staff are inviting the 
co-operation, in this investigation, of sbipbuilders and 
others experienced in Mercantile Marine work, so as 
to learn whether the best types of cables are in use 
to-day, or whether any improvements can be made. 
Mr. R. B. Mitchell: On ‘page 829 (vol. 65) the 
author refers to the size of the installation on the battle- 
cruiser ** Hood ” with 144 000 s.h.p., and the American 
aircraft carriers ‘‘ Lexington ” and “Saratoga,” each 
with 180000 s.h.p. Now these powers are, as the 
author has said, equivalent to those of a modern super- 
power station, and greater than those of quite a number 
of them, and one would expect that the economies which 
are to be obtained in these very large land stations 
should, in a large degree, be obtained also in Naval work, 
unless for the very severe conditions which obtain in 
action. The author has explained, in reading the 
paper, a point which 1 wish to remark upon, namely, as 
to whether the grouping of the units in an electrically 
propelled modern battleship could be so adjusted as 
to size and number that a plant load factor of 100 per 
cent could always be obtained. 1 am fairly certain 
that the author will say that such a load factor has 
been obtained in practice, particularly under the con- 
ditions of cruising speed which obtain during the greater 
part of a ship’s working life. I think also that there 
are a great many advantages and conveniences which 
are incidental to electric propulsion, and which perhaps 
have not yet been fully realized, even although, as in 
America, quite a large development has taken place. 
One of these conveniences which has not, I think, been 
referred to in the paper is the absence of racing of the 
propeller. 1 do not know whether these large ships are 
troubled with the propeller coming out of the water 
while ‘pitching, but racing does not take place with 
alternating current. With regard to control, I am 
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strongly in favour of remote control, and I do not see 
why it could not be applied from the bridge of a ship 
to the engine-room, just as it is done in modern power 
stations. The operator in the control room, far removed 
from the turbine room, adjusts the load on the machines 
without interference from the men in the turbine room 
itself, and surely that also could be adopted in Naval 
work with advantage so far as minute control and very 
flexible manceuvring is desired. Engine-room tele- 
graphs are, I think, still used in the Navy, i.e. the 
mechanically operated telegraphs with the long chains 
which are employed in merchant ships, and I believe 
electrically operated telegraphs, such as are used in 
power stations on land, have not yet been tried by the 
Admiralty. In Dalmarnock power station a system 
of electrically operated telegraphs has been in use for 
seven years, and I for one have not yet heard of a fault 
on any one of them. ‘Faults may have occurred, but 
these have not yet come to my notice. I know, in 
general, that the telegraphs give absolute satisfaction. 
The author raises the question of the performance of 
electric cables under high-temperature conditions, not 
only in the bowels of the ship but also in tropical 
climates, and I quite agree with what he says. I know 
that, for conditions such as these, 600-megohm grade 
cable is far superior to.2 500-megohm grade cable, and, 
as he says, the layer of pure rubber next to the copper 
-is of no use whatever in hot climates. The author 
thinks that a voltage of 220 is just about as high as is 


safe under the conditions obtaining on board ship, and | 


I agree that there is danger with higher voltages, but 
the 3-wire system has been utilized in the American 
Navy with 440 volts across the outers and 220 volts 
from outers to neutral. Under normal conditions, with 
the neutral earthed, there would be only 220 volts 
between either outer and the framework of the ship, 
and as indicated in Table 2, 90 per cent of the motors 
are very small and would be suitable for the lower voltage. 
Of course, the earthing of the neutral has to be con- 
sidered, and I quite realize that there would be diffi- 
culties in that respect. I do not expect that there would 


be any need for special balancing machinery. In con- 


clusion, I should like to express my satisfaction with the 

author’s reference to the work of the late Mr. C. H. 

Wordingham, whom we have all known and revered. 
Mr. H. V. Henniker : I shall confine my remarks to 


that portion of the paper which deals with rotating : 
electrical machinery. Any manufacturer who is in- 


the habit of quoting for electrical machinery for ship- 
board use knows that the conditions of operation are 
quite special and that it is comparatively rarely that 
one meets such a combination of severe operating con- 
ditions in industrial work. Even in ordinary Mercantile 
Marine work the conditions are severe and the electrical 
departments of the various shipbuilders generally have 
very definite ideas as to the constructional features 
necessary to stand up to them. Although the various 
specifications issued by shipbuilders differ in detail, all 
authorities appear to be agreed as to the necessity for 
certain constructional details, e.g. the splitting of yokes 
in all but the smallest sizes to ensure easy access, 
specially large oil wells to deal with rolling, mica insula- 


tion, etc. Some builders insist on plate-glass inspection © 


windows in totally enclosed machines, arrangements for 
draining condensed moisture from interiors, and other 
special details too numerous to mention. Although 
neither the Admiralty nor the majority of shipbuilders 
insist upon ball bearings, there appears to be a growing 
feeling in favour of ball or roller bearings with suitable 
thrust arrangements. In some cases it has been in- 
sisted that machines with journal bearings should be 
mounted fore and aft. I believe, however, that there 
is a growing opinion that ball or roller bearings are pre- 
ferable in all situations but that screwed plugs should 
be fitted instead of Stauffer lubricators, as the latter 
may be operated too frequently and it is better to have 
a periodical examination of the bearings. In addition 
to all these special constructional features there are 
obvious conditions to provide against, such as great 
extremes of temperature and humidity, saline atmo- 
sphere, dripping oil, limitations of space, shock, wave- 
and hose-proof construction for deck work, etc., and, 
in the case of Diesel-engined ships, oil vapour. Ifall 
such matters have to be taken into consideration for a 
satisfactory motor for marine work generally, one may 
legitimately expect that the Admiralty will have very 
definite views on the subject of machinery for warship 
use. There will not in general, I think, be any dispute 
as to the necessity for the stipulations laid down in 
the Admiralty specifications, but it is not generally 
possible to meet these unless special machines are de- 
signed. It is not difficult for an experienced electrical 
manufacturing firm to design special machines to 
meet any reasonable specification, but unless the manu- 
facturer feels that there is some chance of a fair demand 
for his special designs he is naturally reluctant to saddle 
himself with heavy development charges. The paper 
gives some indication of the range of sizes required in a 
capital ship, and it will be seen how impossible it would 
be on a single order to cover development charges 
except at a prohibitive price. The result of this is that 
although, theoretically, Admiralty shipwork contracts 
are no doubt open to tenders from all firms on the 
Admiralty list, in practice the matter may narrow itself 
down somewhat. I do not think, however, that there 
is any reason to complain of this state of affairs, 
which comes about quite naturally and is entirely 
outside the Admiralty’s control. In view of it, however, 
I was much interested to see the reference on page 838 
to Admiralty standard types of motors, as this would 
appear to indicate that the Department of the Director 
of Electrical Engineering has completely designed a 
line of machines for warship work, embodying no 
doubt all the features required by the standard specifica- 
tions. I should like to ask whether these designs are 
available to any manufacturer on the Admiralty list to 
tender to, and whether patterns are available. In past 
years it has in certain circumstances been somewhat 
difficult to obtain copies of specifications for certain 
Admiralty work. I do not refer to the standard speci- 
fications which are, of course, available to Admiralty 
contractors—although, as a matter of fact, one cannot 
always be sure that one is working to an up-to-date 
specification—but to specific contracts in which there 
may be a number of sub-contractors. My experience 
is"that the Admiralty will not issue such specifications 
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to sub-contractors, and that they invariably refer 
a sub-contractor to the main contractor. The main 
contractor may not always be willing, and indeed may 
not have the time, to make the necessary copy, and 
even if he does make a copy for the sub-contractor the 
time ultimately left to the sub-contractor may be very 
short as the latter has, of course, to work to earlier 
dates than the main contractor has. Hence a sub- 
contractor may be deprived of the opportunity of tender- 
ing for work which he is quite well able to supply at a 
competitive price. I mention this matter with the 
suggestion that specifications for specific contracts might 
in an emergency be made available to bona fide sub- 
contracting tenderers on the Admiralty list. I should 
also like to suggest that amendments or revisions of 


standard specifications might be automatically circulated ` 


to those firms on the Admiralty list who are known to 
be manufacturers of the type of plant to which the 
amendment or revision applies. I do not think this 
should entail too much work on the part of the author’s 
Department. These suggestions are made with due 
deference to the author and the Department he repre- 
sents and are put forward as the result of his invitation 
for criticism. If these suggestions could be adopted I 
am sure, from my own experience, that they would be 
much appreciated and that they would facilitate tender- 
ing by estimating staffs. 

Mr. J. M. Scott-Maxwell: As a control-gear 
engineer ,I am interested in the question of remote 


control and the elimination of every possible human link 


in the chain of operation. The question of why direct 
control is not used between the bridge and the machinery, 


whether engines or guns, has already been asked and — 


answered, but I put it again because I still feel uncon- 
vinced. Speaking broadly, the evolution of any new 
thing goes through three more or less definite stages. 
The first is the pioneer stage, the stage of the inventor, 
and of those almost equally brave individuals who are 
willing to risk wealth and prestige in trying out a new 
thing. Every device that the author describes has 
naturally passed through this stage some time ago. 
The second stage of development I should call the 
economic or commercial stage. The pioneers having 
proved that the machme will work, the commercial 
type then begins to realize the possibilities and assist 
to develop it as a commercial proposition. With the 
stimulus of youth the new may not only beat the old, 
but usually stimulates the latter to greater effort so as 
to prolong its survival. A good example of this is 
the rejuvenation of the gas engineers due to their 
struggle against electricity. When this second stage 
is fully developed the new thing is now established on a 
firm commercial basis and has,passed out of the hands 
of the pioneers. Again I may say that everything that 
is installed on a battleship has reached this stage; but 
there are many other things which have also reached the 
same state of development but are not to be found in 
use, because they, more than other things, encounter 
a purely human opposition, which holds tenaciously to 
the old or as much of the old as possible, for as long 
as possible. A small progress along the same line of 


development is usually welcomed by the majority, . 


whereas a radical improvement which scraps,all Or... 


almost all of the old is fiercely contended against. 
This of course is a human quality applicable alike to 
all human activities as well as engineering. I feel that 
the direct control of the engines from the bridge suffers 
from this kind of opposition. In fact the history of the 
progress of automatic and remote control in every field 
of engineering is a history of the natural objection to the 
elimination of human beings from jobs at which they 
have been considered indispensable. The question of 
electric propulsion also seems to be in this third stage. 
It is sufficiently proven both from the engineering and 
commercial points of view and .yet we do not pro- 
ceed with it any more than we proceed with railway 
electrification. This is a country with a great 
“steam ” tradition, whereas in other countries it is not 
so strong, and so electricity makes more rapid head- 
way. Again, with our great and progressive merchant 
fleet the British Admiralty may consider it more econo- 
mical to follow rather than lead in such a big matter 
as electric propulsion, whereas in other countries without 
such a merchant navy it may be more imperative for 
the fighting navy to take the lead in these bigger depar- 
tures. The British policy may relieve the taxpayer 
for the time being, but it does increase the risks if the 
time-lag be too great. Electric propulsion is simply a 
form of gearing between the prime mover and the 
propeller which gives a flexibility of drive and control 
which no other form of gearing can give. The author 
in answering argument (3) on page 856—-* Full power 
available for astern running ’’—says ‘‘ This is so, but 
power provided with geared drive is accepted as suff- 
cient.” This seems to me to be begging the question 
altogether, but I expect the author had to say just 
this and no more, in the same way that the railway 
authorities do not wish the case made out that railway 
electrification will pay. I know nothing of Naval 
tactics, but I should imagine that the greatly increased 
power to reverse possessed by the electric ship would 
correspondingly increase the ability to manceuvre 
quickly among ships of the same fleet in close forma- 
tion or against enemy ships at close quarters. To say 
that the present inability to stop and reverse quickly 


is good enough because it is the best that a non-electric 


ship can do, whether steam- or Diesel-engine driven, 
geared or direct, may be good enough for the steam or 
Diesel engineer, but hardly seems good enough for, the 
electrical engineer. I do not think that enough has 
been made of this point. In the Merchant Service it 
means quicker and safer control in docks, harbours and 
restricted waterways, and less expense for tugs, as 
well as fewer accidents and lower underwriters’ losses. 
On the railways the traffic manager, born and bred 
in the steam tradition, has naturally developed his 
traffic so as to get the most out of the steam locomotive. 
He uses exactly the opposite argument to that of 
“ sufficient ” in order to make things difficult for the 
electrical engineer. He demands an electric traction 
system that will haul trains of much greater weight 
at much higher speeds than any steam locomotive 
can do, and, not content with that, demands that he 
can ‘‘ bunch ” as many trains as he likes in one division 
and get them away again as quickly as possible. In 
other words, he demands electric operation under 
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conditions applicable to steam operation, which are the 
very opposite of what they should be in order to secure 
the highest efficiency “with electric traction. The 
electric traction costs, both capital and running, are 
thus made much higher than they need be, and so pro- 
gress is retarded in both these instances of the ship 


and the train, but by very different arguments. These- 


remarks seem relevant to this paper we are discussing, 
because the subject of the paper comes so strongly 
into this field where the psychological factor counts for 
so much. If we know the kind of opposition we are 
likely to encounter, perhaps we as electrical engineers 
shall be able to put up a better fight and so accelerate 
development. I have seen the electrical machinery 
of one of the large American battleships referred to 
in the paper. The 180 000 h.p. is transmitted through 
four shafts driven by eight motors, two on each shaft, 
each motor developing 22 500 h.p. at full load. The 
5 000-volt motors are self-starting, requiring no starting 
resistances or transformers, the motors being fitted 
with special resistance-reactance windings. The control 
gear makes the main connections, and is of the con- 
tactor type, cam-operated, very rugged in design and 
simple in operation. I trust that it will not be very 
long before the British Admiralty decide to have a 
capital ship driven by electric motors. 

Mr. G. Austin: There is no doubt that Admiralty 
pattern fittings of every kind are the outcome of careful 
design and long experience, and present-day models 
represent what may be considered as the survival of 
the fittest. In connection with the twin flexible cable 
shown in Fig. 13, I should like to ask whether the canvas 
is fastened together at the joint, or whether the outer 
sheathing of tough rubber is relied on to hold the canvas 
together. The remarks on cables, by author and critics 
alike, show that there is room for improvement, especi- 
ally in regard to paper insulation and lead sheathing. 
When considering the best type of cable to employ in 
connection with a constant-current system I decided to 
use varnished cambric instead of paper. The insula- 
tion of the conductor by many layers of varnish supported 
on a carrier of fine cotton appealed to me, and especially 
the fact that the threads of which the tape is composed 
are run diagonally across the tape and therefore do not 
form a continuous path for the creepage of moisture. 
In regard to lead sheathing, whilst lead is the most prac- 
ticable metal for excluding moisture I believe it should 
be insulated with a compound impervious to moisture 
and ordinary gases, and I believe that where a cable 
is lead-covered and armoured it is wrong to bond the 
two metals at the cable ends. With the usual con- 
struction of armoured cable this course accentuates 
electrolytic action. With reference to electric cooking, 
there is an aspect of electric cooking which is overlooked 
by those who argue against it. It is this: Do people 
who say that the coal-fired range is cheaper to run 
than the electric range ever take into consideration 
what it costs to keep the galley cool? I am speaking 
from memory, but I think that the power necessary 
to drive the electric fans to keep the kitchens cool in 
the “ Aquitania ” is 55 kW. This, of course, is a large 


passenger liner, but the magnitude of the load serves:a 
I understand that : 


to direct attention to the matter. 


during the war there was a proposal to introduce con- 
stant current on H.M. ships, in order to save copper, 
and it was suggested that motors should be run in series 
on a high-voltage circuit (2000 volts or thereabouts). 
The proposal was rejected after consideration, and 
I have no hesitation in saying that the decision was a 
wise one. Apart from the high pressure which would 
make insulation difficult, and the large number of 
motors in series which would make the circuits vulner- 
able, the scheme could not possibly have been successful 
with the type of plant then available. It would have 
failed on the question of time-constant alone. In 
approaching the subject six years ago I decided to 
keep within the statutory limits of medium pressure, 
and I am convinced that there is no danger of shock 
from this voltage. The live parts are in any case not 
accessible to operators, but treating it, as we do, as 
an open system up to 500 volts in daily use we never get 
shocks. On page 839 the author states that constant ' 
current could hardly be adopted in warships except 
to a limited extent. I am inclined to agree with him. 
The system would be limited to such items as boat 
hoists, deck winches, paravane winches, after capstan, 
forward capstan, air compressors, auxiliary steering, tur- 
bine lifting, turbine turning, CO, machines, and kneading 
machines. There are also, I believe, certain applica- 
tions which are performed wholly by hydraulic power, 
such as aeroplane hoists, launching platforms, torpedo 
launching guards, etc. I believe that such items 
grouped in small circuits with the ring-main principle 
applied for alternative supply would go far to meet the 
author’s objection to the series system. On page 859 
Dr. Garrard, referring to constant current, says: 
“ Many proposals for series working have been made 
elsewhere, but I believe such systems have been prac- 
tically all abandoned.” I believe on the contrary that 
this time the constant-current system has come to 
stay, and this opinion is shared by many competent to 
judge, who have witnessed the plant at work. What is 
perhaps of more importance is that purchasers of the 
plant like it, and the men who work it and have charge 
of it declare that there is nothing to beat it. In regard 
to propulsion, there is no doubt that, within the limits 
possible to the commutator, d.c. propulsion has many 
advantages over a.c. propulsion, and I think that for 
all cases of Diesel-electric driving with moderate powers, 
especially when rapid handling in narrow waters is 
required, the d.c. arrangement will be preferred; and, 
where these conditions apply, the constant-current 
system provides a flexibility which is superior to that 
of any other. I have already had the opportunity of 
preparing several propulsion schemes, and for such 
applications as bucket dredgers, suction dredgers, tugs, 
ferry boats, cable-laying vessels and coasters, I have 
found the constant-current system to offer substantial 
advantages. In considering such cases a. modification 
of the system, which may be described as a “‘ selected 
current control,” has been evolved. The prime mover 
drives a constant-current dynamo, a small d.c. dynamo 
and a constant-current exciter. There is one dynamo 
for each motor, as in the Ward-Leonard system, and 
the motor fields are separately excited from the. d.c. 


Bupplys" The whole control—starting, stopping, reversing 
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and speed variation, both ahead and astern—is 
effected by means of a small potentiometer which gives 
initial excitation of the constant-current exciter in one 
direction or the other, and of a value corresponding to 
the speed desired. The leading advantages of the 
arrangement are: (1) There is an entire absence of 
drastic reactions between motors, dynamos and prime 
movers; (2) in heavy weather, when the propeller 
may lift out of the water, the current will automatically 
reduce as the propeller rises, but will build up again 
as the propeller takes the water, without shock or 
sudden increase of current; (3) there are no fuses or 
circuit breakers, and therefore nothing to cut the motors 
off from the supply; (4) there is no switchboard; 
(5) the control is positive, the exciter operating to keep 
the current steady at the value to which it is set; (6) the 
control is simple and mistake-proof; and (7) there is 
an entire absence of contactors and complicated switch- 
gear, and nothing to cause sparking and destructive 
arcing. | 

Mr. A. G. Gow: I am most interested in the subject 
of cables for ship work, and I feel that we have suffered 
too long the use of rubber insulation in situations where 
this class of cable has a short life, particularly on 
merchant vessels. Under the sub-heading of ‘‘ Cables,” 
the author states that in the U.S. Navy, rubber-insulated 
cables are generally used, and that cambric-insulated 
cables are used in special cases. My information from 
an American consulting marine electrical engineer is 
that the reverse obtains, and that very little rubber is 


used, if any at all. This statement is supported by the | 


fact that all the cables for every service on an American- 
owned Diesel-electric ship (the first to be built on the 
Clyde) which is at present under construction by the 
shipbuilders with whom I am associated, are cambric- 
insulated, no rubber being permitted. It is interesting 
to note also, in view of the divergent opinions expressed 
on the subject, that remote control from the bridge is 
used for the propulsion equipment, and this is the 
seventh ship for the same owners in which bridge control 
has been adopted. Several of these vessels have been 
in operation quite successfully for a considerable time. 
I appreciate, at the same time, that control in the 
engine room only is correct for warships, but for mer- 
chant vessels bridge control has many advantages to 
commend it. 

Mr. W. L. R. Emmet (communicated): I think that 
the author does not lay sufficient stress upon the matter 
of interchangeability and independence of shafts in the 
electric drive. With the gear drive the propeller is 
mechanically connected to the gearing and to the 
turbine. The uncoupling of a high-power propeller is a 
serious matter. Consequently any trouble with the 
gearing or turbine locks the propeller unless uncoupling 
can be accomplished. With the electric drive the pro- 
peller is always free to run. Since in a high-power ship 
there will be two motors on a shaft, the case would be 
rare where there was not a motor available to run it. 
Another and more important matter which the author 
has not sufficiently stressed is the very great relative 
economy of the electric ship at cruising speeds. I can 
illustrate æħis point by quoting from a paper which 
was presentes in my name at the spring meeting of the 


64th Session of the Institution of Naval Architects, 
22nd March, 1923 :— | 

“ Case of a high-speed cruiser.—An example of the 
possible expediency of electric drive to a type of warship 
in which geared turbines have their best and simplest 
application may be interesting. We will consider a 
32-knot fast cruiser using 120000 h.p. at full speed. 
If this ship were equipped for electric drive the 
machinery would weigh about 10 lb. per h.p. more 
than a suitably geared turbine equipment. She would 
have four generating units, could run about 29 knots 
with three of them, 26 knots with two, and 19 knots 
with one, and the steam consumption per horse-power 
at all these speeds would be very nearly the same. At 
19 knots, with one generator, with motors arranged to 
give the best turbine speed, the turbine efficiency 
would be actually better than at full speed because the 
turbine would be less congested. With suitable arrange- 
ments and voltage adjustment the efficiency of electrical 
transmission will be as good at 19 knots as at full speed. 
One of the greatest advantages of the electric drive 


under these conditions would be that three of the four 


sets of auxiliaries used at full power would be shut 
down entirely. In a geared ship all of the turbines 
and gears with their auxiliary equipment would at 
19 knots be operating at one-half speed and one-eighth 
load. With this low power and speed, the efficiency 
of a turbine is greatly impaired. A ship turbine 
designed for best adaptation to such work will use about 
52 per cent more steam per h.p. with the lower speed 
and power. .The gears will be at least 3 per cent less 
efficient at this very low load and, in most turbine- 
driven warships, the auxiliaries at such speed add 
25 per cent to the water rate. Thus, without saving 
through the use of cruising turbines, we might expect 
to use 80 per cent more steam. By the use of cruising | 
turbines this might be reduced to 60 per cent. For 
comparison we will assume 50 per cent as the minimum 
difference that could exist between properly designed 
equipment under these conditions. On this assumption 
the electric ship will use for all purposes, at 19 knots 
with saturated 250 lb. steam, 0-85 lb. of oil per shaft 
horse-power-hour. A geared ship with similar merit in 
turbine design could not do better than 1-27 Ib. of.oil 
per shaft horse-power-hour. The difference of weight 
between the two equipments will be about 535 tons, 
and this at 19 knots will be compensated for in 
3 600 miles of run. The comparison at lower speeds 
would be about similar. Such an electric ship could 
run at 19 knots from England to the Falkland Islands 
and, starting with 2 300 tons of oil fuel, would have 
200 tons left on arrival. A similar geared ship, filled 
to equal displacement by carrying 2 835 tons of oil, 
could not reach at this speed within 700 miles of the 
distance. These figures, which are conservative, show 
that such qualities as are afforded by the electric drive 
may have great military value, even in a light, high- 
speed ship where the weight increase of machinery 
might at first sight be thought prohibitive.” 

The difference in cruising economy considered in 
this case is not nearly enough and, while the case may 
not exactly fit any existing.ship design, the comparison, 


if correctly applied, will show very similar conditigps-in .. 
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ships of modern design. In this connection it should 
be remembered that predictions concerning electric 
drive deal with well-known results of apparatus, whereas 
data concerning performances of ship turbines have 
been largely a matter of calculation, and many of 


these calculations are grossly incorrect and entirely 
inconsistent with laws governing turbine construction. 


[The author’s reply to this discussion will be found 
on page 301.) 


NORTH-WESTERN CENTRE, AT MANCHESTER, 15TH NOVEMBER, 1927. 


Sir Benjamin Longbottom: During the last 24 
years my company has been engaged in following 
Admiralty developments as represented by new specifi- 
cations and standards in so far as electric motors and 
control gear are concerned. Up to the war period the 
Admiralty specifications did more to make a perfect 
land machine than any others we received, and in 
several instances the manufacturers’ standard commercial 
machine was in effect an Admiralty standard motor. 
This is no longer so. Post-war developments have 
called for compactness of design and the minimum of 
weight, with the result that the average motor now 
required by the Admiralty is almost a tool-room pro- 
position so far as the manufacture of it is concerned. 

Mr. W. S. Naylor: I am particularly interested in 
the author’s remarks on secondary batteries for sub- 
marines. It is now over 25 years-since I was brought 
into contact with the manufacture of submarine batteries, 
and during that period I have been associated with the 
installation of main batteries in every class of sub- 
marine laid down by the Admiralty. Many changes 
and developments have, of course, been made. The 
author, in referring to containers, starts with the com- 
position container, but there was something before that. 
The original experimental “ Holland ” boats of 120 tons 
displacement, built in 1901-1902, had a weird battery 
layout called a teak honeycomb. It was built up with 
tongued and grooved teak boards dipped in boiling wax, 
forming a sort of horizontal pigeon-hole arrangement. 
Each compartment was lead-lined to form the cell, 
which contained plates of the heavy stationary battery 
type. There were 60 cells of about 2 000 ampere-hours’ 
capacity, weighing in all about 30 tons. The wooden 
layout had soon to be abandoned for something better, 
and Submarine Al, built in 1905, was the first boat 
fitted with the composition containers to which the 
author refers, the material being known as “ gummite.” 
Containers of this type were used for some years, and 
in total many thousands were installed. Though now 
discarded, the container did good service, and many a 
famous submarine exploit during the war was carried 
out on batteries in these containers. For instance, C3, 
which was used to blow up Zeebrugge Viaduct on St. 
George’s Day, 1918, used such a battery. The Al is 
also interesting as being the first boat in which the battery 
plates were suspended from the cell lids. The author 
refers to capacities ranging from 2 000 to 10 000 ampere- 
hours. Larger capacities present no difficulty to battery 
makers. A larger capacity per lb. can be given than 
the German figure of 4-7 quoted by the author. One 
‘must appreciate that an ordinary submarine battery is 
bigger than many central station batteries—running 
into a weight of some 150 tons and covering over 600 
sq. ft. of area. In other words, the total displacement 


of the little ‘‘ Holland ” boats in 1901 was less than the 


weight of the battery only in 1921. The author says 
the onerous working conditions make the provision of 
a reliable battery a difficult problem. There are certain 
difficulties, but reasonable reliability is now, I think, 
obtainable. It may not be possible to include a highly 
skilled battery attendant in the crew, but the Naval 
training fits men to acquire knowledge of essentials 
quickly, and I can testify that, generally speaking, 
submarine batteries are well looked after. The respon- 
sibilities of the electrical officer on a battleship have 
increased enormously, and I hope it will not be long 
before the Admiralty recognize this, by giving him a 
definite status. We have engineer commanders and 
engineer captains; we should also have electrical 
commanders and electrical captains. 

Mr. T. E, Herbert: Apparently lead-covered cables 
are used somewhat freely on battleships and cruisers. 
I think that the use of lead will be likely to give trouble 
due to the amount of vibration. Where reciprocating 
engines are used there is a general rate of vibration 
which is very much slower but is physically very much 
more felt than the higher rate of vibration produced 
by turbines. Therefore one would expect that lead 
would be an exceedingly dangerous material to use. 
Apparently it is used in very considerable quantities 
for cables, ring mains and so forth. Presumably pure 
lead cannot be used and doubtless some alloy which 
has special properties has been developed. Possibly 
a lead-cadmium alloy would reduce the crystallization 
trouble. It is rather curious that cadmium suggests 
itself as the best material to use, because it has recently 
been found that by alloying cadmium and copper it is 
possible to get a conductor with approximately the 
electrical properties of copper and something like the 
mechancial properties of bronze. There appears to be 
no case where loud-speaking telephone apparatus is 
employed. In a battleship, particularly, advantage 
would seem to result from a free use of loud-speaking 
telephones, and since the advent of the thermionic valve 
it is, of course, a simple matter to operate an indefinite 
number of loud-speakers in various parts of the ship. 
The laryngaphone or throat transmitter also presents 
advantages when used on battleships, in dealmg with 
noisy situations. The secondary cells used on sub- 
marines seem to be of about the size of those required 
in a large telephone exchange, i.e. of the order of about 
10 000 ampere-hours capacity. The cells are presum- 
ably specially designed and manufactured for the 
Admiralty. The positives are built up of thin rods of lead 
surrounded by paste in ebonite tubes, each having a large 
number of lateral cuts. Presumably this type has 
been developed in preference to attaining mechanical 
solidity by the use of wood diaphragms. These cells 
are the precise opposite of the cells used on am aeroplane 
where a very short. life equal only to the. life of an aero- 


DISCUSSION ON 


plane is required, but where lightness is the all-important | 


factor. 

Mr. T. E. Dransfield: In my capacity of mains 
engineer in a supply undertaking I have had to deal 
very largely with the problem of changing direct-current 
networks over to alternating current, and 1 am of the 
opinion that variable-speed motors are very often 
installed when constant-speed motors would give 
satisfactory service both in the Navy and on shore. 
My duties in the Navy included the care and main- 


tenance of all electrical equipment in a battleship and ` 


the charge of electrical repair parties at “action 


stations,” and in my limited experience I have felt 


favourably inclined to the use of alternating current 
for general supply purposes in battleships. The 
superiority of the a.c. squirrel-cage induction motor 
over the direct-current motor has led me to this opinion. 
The advantages and disadvantages of a.c. supply in 
battleships might briefly be stated as follows :— 


Advantages. 
Greater reliability of motors, particularly in exposed 


positions and in positions where large temperature 


variations are experienced. 
Less liability of shocks, owing to absence of com- 
= mutators. 
Less risk of fire. 
Motors are easily adapted for working submersed. 
Less cutting of watertight bulkheads. 
Low-voltage circuits are available for lighting 
positions subject to gun shock. 


Disadvantages. 
Paralleling operations. 
Variable-speed motors. 
Sacrificing the simplicity of the 2-wire system. 
Introduction of the 2-current system. 


With regard to the parallel operations of various 
sections of the ring main, I would submit that this should 
not be done in action and should not present undue 
difficulties while cruising and in harbour. The general 
power requirements while cruising and in action might 
be supplied by constant-speed and 2-speed motors, thus 
using the direct-current system for variable-speed 
motors in harbour only. The author’s estimate of 50 
per cent increase in weight for searchlight motor- 
generators, cables, breakers, junction boxes and lighting 
transformers appears to me to be unduly high. A 
rough comparison of the relative weights of two single 
lead-covered cables and three-core lead-covered cables 


NorTH MIDLAND CENTRE, AT 


Mr. S. E. Hall: I am more particularly interested 
in control gear and switchgear and I remember when 
the late Mr. Wordingham first issued his specification 
for mica and steel construction, a very desirable require- 
ment in those days, because the only alternative was 
slate. Since that time there have been evolved a good 
many synthetic products which are non-fragile, will 
stand a high temperature, are easily machined, have a 
high. insulating property and are non-hygroscopic. 
Does not théianthor think that in many cases this 
construction, if switchgear is mounted on small panels 
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compared on a weight/power ratio shows a saving in 
weight up to about 0-06 sq. in. in favour of three-core 
cables and an increase in weight of about 12 per cent 
in larger sizes. I should like to ask the author whether 
the above estimate is based on eliminating all search- 
light motor-generators and whether any increase in the 
generating sets was allowed for; also if transformers 
were included for the whole of the lighting installation. 
I fully appreciate the reluctance of the Admiralty 
to depart from the 2-wire direct-current system after 
many years, during which great pains and ingenuity | 
have been exercised in bringing the equipment to its 
present highly efficient state. I do, however, think that 
the advantages of the a.c. system are such as to justify 
very serious consideration. 

Mr. J. O. Knowles: We have all been brought up 
to believe that 250 volts (d.c.) is the maximum that 
should be used on board ship, and there are a number 
of reasons in support of this view. With the increase 
in size of electrical auxiliaries, however, particularly on 
Diesel-engine ships, the currents carried by the cables 


-and control gear to the largest auxiliary motors is 


becoming so high that one wonders whether the question 
of using direct current at 440 volts on board ship 
should not be reopened. It would be interesting to 
know (especially in view of the remarks of the last 
speaker) whether it is the motor or its commutator, or 
the cables or the control gear, which present the greatest 
difficulty in adapting 440 volts to the conditions on 
board ship, which are so much more severe on insulation 
than the normal land installation. It is hardly possible 
for one firm or even for one shipbuilder to secure that 
co-operation in design which would bring about suitable 
standard designs of electrical gear for use on 440 volts 
on board ship, and it would be unreasonable to install gear 
designed only for land work. This question, however, 
may be of interest to the Admiralty, especially in view of 
the necessity for reducing weight, as the size of the con- 
ductors on 440 volts for the same horse-power would, of 
course, be considerably less than on lower voltages. 

Mr. E. P. Hill: In connection with the electrical 
propulsion of ships the maximum economy would be 
obtained by using high-speed generators. As these 
units are becoming so large, can the author say whether 
it has been found necessary in the United States Navy 
to consider in any way (for example, the effect on 
rapidity of turning the ship, design of bearings, etc.) 
the gyrostatic action of these generators ? 


[The author’s reply to this discussion will be found 
on page 301.] 


LEEDS, 13TH DECEMBER, 1927. 


of that description, is equal to, if not better than, 
the present existing mica-steel construction ? Another 
point in which I am particularly interested is the ques- 
tion of automatic contactor switchgear. I believe that 
hand startors are still used where, of necessity, a good 
many steps are required in order to keep the potential 
low and the sparking within limits. I have often 
thought that it would be an advantage to use, even 
on small motors, automatic contactor startors having 
only one or two:steps, and the existing type of automatic 
gear is quite reliable. The fewer parts there are, the 
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better, and in this respect the automatic startor has the 
advantage over the multi-contact face-plate types. I 
think this type might with advantage be used more than 
itis by the Admiralty. 

Mr. R.A. S. Thwaites : The author indicates at the 
foot of page 833 that if alternating current were 
employed the turbines might be directly coupled to the 
alternators, but I suppose that even in that case it 
would be convenient and economical to have geared 
alternators as is the case to-day in most land sets of 
about the size in question, where the speed of the 
turbine is usually about 6000 r.p.m. and that of the 
alternator 3 000 r.p.m. in the case of a 50-cycle supply. 
It would be very valuable if the author would indicate, 
as between steam reciprocating sets, geared turbo sets, 
and Diesel-engine sets, the type which is found to be 
the most reliable and on which there is the least work 
on maintenance. With regard to searchlights, when I 
was studying under the late Prof. W. E. Ayrton in 1906 
_ the Admiralty sent a 36-inch projector to the Central 

Technical College for us to test, and I think it was the 
first of its size. It had been giving a great deal of 
trouble and, as received, was fitted with large uncored 
carbons. It was impossible to obtain a steady light 
for more than 2 seconds at a time; the arc spluttered 
continuously and the crater wandered about in an erratic 
manner. As the result of extensive experiments in 
which the late Mrs. Hertha Ayrton took part, we found 
that we obtained satisfactory results with small carbons 
operating at high current density, and with a cored 
positive carbon. This agreed with the author's 
experience. From his observations that carbons are 
improving in quality, 'one gathers that they are not 
perfect even yet. With regard to shock which apparatus 
on board has to withstand, 1 first appreciated this point 
while I was taking part in the trials of H.M.S. ‘‘ Colossus ” 
in 1911. I was an apprentice serving my time with the 
contractor who supplied the generating machinery, and 
we were given temporary cabins which consisted of 
lengths of canvas attached to wooden battens wedged 
between decks. We were all very happy and com- 
fortable until the gunnery trials, but when the first 
broadside was fired our cabin completely collapsed due 
to: the spring of the deck. I gather from the author's 
remarks, in the section dealing with fire-control, that 
the electro-hydraulic system is considered the more 
satisfactory when it comes to training and elevation of 
the guns, as it gives greater delicacy of movement. 
On pages 840 and 84] are given some tables of the 
intensity of illumination recommended for certain 
purposes. It is interesting to note that the British 
Admiralty appear on the average to adopt a higher 
standard than that which is common practice in the 
United States. One possible application of electricity 
which occurs to me and which is not mentioned in the 
paper is the steering of a ship. It would appear to be 
more suitable for the purpose than steam or hydraulic 
steering. I should be glad if the author would give us 
his experience with regard to the maintenance of hot- 
plates on the galley ranges, because on land cookers 
they have often proved a source of trouble. Possibly 
. the Admiraky have been more fortunate, and possibly 


- walsd’-direct turrent gives a longer life than alternating ` 


current. One imagines that but for the invention by 
Sir Charles Parsons of his “'creep”” machine which 
cuts such wonderfully accurate gearing, the electric 
propulsion of ships would have been in far greater use 
to-day. From what has been done in America there 
appears to be a large future for electrical transmission 
if only we can find the means of reducing the weight. 

Mr. H. G. Fraser: I should be glad if the author 
could tell us, if he is at liberty to do so, what lessons 
have been learned from the war as regards electrical 
applications and how they have been applied in the 
Navy. More particularly, 1 should like to know what 
lessons we learned in action, for instance in the battle 
oí Jutland, where ships of the “Lion” class were 
employed. 

Mr. J. G. Craven: 1 have had a fair amount of 
experience in testing turbo-generators for the Admiralty, 
and one point that has frequently arisen in my mind 
is whether any trouble was experienced during the 
war with turbo-generator rotors, which 1 believe, in 
the case of the machines in question, revolve at about 
11 000 r.p.m. The shafts were of very small diameter, 
and there was always some curiosity as to what effect 
gyroscopic action had on these with the ship rolling ; 
and also the effect on the shaft from concussion when a 
ship was hit with a shell, and whether this ever actually 
caused a fracture of one of the rotor shafts. It may 
interest the members of this Centre to know that the 
inland city of Leeds has provided turbo-generators for 
various modern battleships. 

Mr. C. S. T. Paul: The author’s comments on the 
turbo-electric drive are very interesting, but I should 
like to know ‘whether he considers it applicable to 
capital ships in the British Navy. Take, for example, 
the ‘‘ Hood ” which is, I believe, equipped with engines 
of 144 000 s.h.p. and is able to attain a speed in excess 
of 30 knots. Surely for a ship of this size the adoption 
of the electric drive would necessitate larger power 
units for which, I should imagine, there is very little 
space available. However, should the oil turbine be 
developed in large units, the case for the -electric 
drive is somewhat altered as no boiler space would 
be required. Not only would the power unit occupy 
less space but it would be far less in weight and cost 
than both the steam and Diesel drives. I believe I am 
correct in saying that an oil turbo-electric set has 
already been tried for marine propulsion in Germany. 
Perhaps the author could tell us whether the Admiralty 
have considered the application of the oil turbine in 
place of the Diesel-electric drive. 

Mr. H. Brierley: The author mentions that on 
some ships there are 300 miles of cable. During the 
three years I was on board we never had a cable fault. 
Are Diesel sets still fitted ? The type of ship I was on 
had two turbo-generators and two Diesel engines. The 
usual thing when standing at four hours’ notice was 
to run one turbine and one Diesel engine. That is, 
in theory. Actually, however, very often both turbines 
were running and both Diesel engines were down for 
repair. When a Diesel set was running, motoring from 
the ring main was common, with the accompanying 
racing. Does the author consider that searchlights are 
really of very much use in war time ?x They. fozm an 
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excellent target. He states that artificial heating is 
only necessary in living spaces. After three days at 
sea I have seen 14 or 15 in. of water swishing about on 


an enclosed 6-inch gun deck, and some extension of 
heating facilities to other spaces under these conditions 
would be appreciated. 


THE AUTHOR’S REPLY TO THE DISCUSSIONS AT LIVERPOOL, GLASGOW, MANCHESTER AND LEEDS. 


Mr. W. McClelland (in reply) : The very interesting 
discussions have necessarily embraced a large number 
of the many aspects of Naval electrical engineering, 
so that it is impossible, in a short reply, to deal in other 
than the briefest manner with remarks that have been 
made. Many of these relate to statements of fact or 
personal experience and call for no elaboration on my 
part; nevertheless, if not specifically mentioned, they 
have all been carefully noted. 

In reply to Mr. Rettie’s question on the subject of 
electric propulsion, if one of the four propelling motors 
were disabled it would be possible to use the available 
generating energy by overloading the other three for a 
certain time. With regard to the second question, 
the electric propelling machinery could be temporarily 
overloaded in an emergency and, as with a ship driven 
by turbines direct, the overload possible is partly 
limited by the capacity of the boilers. The point 
raised in regard to relative weights is rather involved. 
If the weight of the hull is assumed to be the same for 
both the geared drive and the electric drive, my remarks 
in the paper, referring to the necessity for reducing 
weight and space values for the electric drive, definitely 
apply. In my statement on Mr. W. L. R. Emmet’s 
paper in 1923 it was, I think, implied that in the ships 
of the U.S. Navy the additional weight of the elec- 
trical equipment had been compensated for in direc- 
tions which did not detract from the fighting qualities of 
the ship. Sir E. Tennyson d’Eyncourt, on the other 
hand, suggested that the saving had been made at the 
expense of fighting efficiency, a suggestion which, 
incidentally, was not disproved by Mr. Emmet. | 

Mr. Emmet, whose pioneer work on electric pro- 
pulsion as applied in the U.S. Navy is so well known 
in this country, has himself sent in a communication 
to the present discussion and has quoted from the 
1923 paper referred to. Whilst wishing to accept 
the particulars of the example he gives, I have no doubt 
he will admit that the conclusions drawn cannot be 
taken as applicable to every possible comparison between 
turbo-electric and geared-turbine drives. For cruising 
and lower speeds the efficiency of the electric drive is 
usually higher than that of the geared turbine. If 
two high-power sister warships were built, one with 
electric drive and one fitted with gear drive, the cruising- 
speed advantage would no doubt be readily demonstrated, 
thus giving a larger radius of action at cruising speed, 
as indicated in Mr. Emmet’s illustration; but, given 
similar steam pressure and temperature conditions 
for the prime movers, I am of the opinion that greater 
economy could not be secured by the electric drive 
at full speed; in other words, the electrically driven 
ship under these conditions would theoretically appear 
to have no economic advantage at full speed. 

In reply to Mr. Mitchell, any scheme of electric 
drive would normally be designed to permit 100 per 
cent plant load-factor at both full speed and cruising 
speed of the ship. . 


Mr. Hill and Mr. Craven refer to the gyrostatic effect 
of a rotating turbo-alternator rotor. The possible 
effects due to rolling are eliminated by arranging the 
axis of the machine parallel to the axis of the ship. 
Minor stresses exist when the ship is pitching or 
turning, but the bearings are designed to withstand 
these. Where two or four large turbo-alternators 
are used, the port machines are arranged to rotate 
in the opposite direction to the starboard machines, 
and gyrostatic effects are thereby neutralized to some 
extent. 

Mr. Naylor, Mr. Prescott and Mr. Herbert refer to the 
subjects of battery size, weight, capacity and life. 
Although the ratio of output to weight is important, 
that of output to volume is equally so, and the correct 
balance has to be found between these factors and that 
of useful life. On the subject of “‘ reasonable battery 
life ” I should like to make a reference to my reply to 
Mr. McKinnon in the London discussion.* Mr. Naylor 
furnishes some very interesting particulars of batteries _ 
fitted in the earliest British submarines and I am glad 
to have these recorded in the Journal. 

I can assure Mr. Allan and Mr. Nielson that the 
Admiralty already does a great deal in the direction 
of co-operation. Apart from numerous published papers, 
much of this work is unobtrusive, such as representation 
on important committees. Shipbuilders and manufac- 
turers may, through the usual channels, seek permission 
to take advantage of Admiralty experience for mercan- 
tile applications, and, where secrecy is not considered 
essential, permission is normally granted. 

Mr. Allan’s remarks on the important subject of cables 
are interesting. It is agreed that rubber, as a dielectric, 
is not altogether satisfactory in view of its natural 
deterioration. Although we have not experienced any 
serious defects as a direct result of oily vapour, it is 
agreed that in Diesel-engine ships oily vapour will 
accelerate deterioration. In addition to the causes of 
failure which Mr. Allan enumerates, I might mention 
mechanical damage to the lead sheathing, particularly 
on the smaller cables, leading to deterioration of the 
dielectric and ultimate breakdown. The accumulation 
of data regarding the performance of cambric-insulated 
cables will be of value. In connection with the tests 
on cambric-insulated cables, breakdown voltage is not 
always the best criterion of deterioration ; deteriorated 
rubber has been found to pass electric-strength tests 
satisfactorily. 

In reply to Mr. Austin, the canvas reinforcement 
in the cable shown in Fig. 13 is not fastened at the 
joint. It is arranged to meet, but not to overlap. 

Mr. Herbert refers to the use of lead-alloy sheathings 
for cables, and I agree that a suitable lead alloy is 
likely to prove superior to pure lead. 

Mr. Mitchell, Mr. Burkitt, Mr. Scott-Maxwell and 
Mr. Gow have all referred to the proposal for bridge 
control of engine-room machinery. On this matter I 
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should like to refer these speakers to my reply to Dr. 
Garrard in the London discussion.* 

Mr. Scott-Maxwell’s remarks concerning electric 
propulsion are very interesting, as he is acquainted 
with the details of the largest electrically-propelled 
ships yet built and of their control. It is evident from 
his remarks concerning the difficulties experienced in the 
development of electric traction on our railways that he 
understands and appreciates the psychological factor and 
that progress is made by evolution and not revolution. 

Many remarks have been made on the general ship’s 
supply, including the ring-main system. Mr. Nielson 
is correct in his references to the application of the 
ring-main system being introduced in the two ships 
“ Infiexible ” and “Invincible ” built on the Clyde, 
and both Mr. Nielson (J. Brown and Co., Ltd.) and 
Mr. E. J. Skinner, M.B.E. (Fairfield Shipbuilding Co.) 
are to be congratulated on the success they made of these 
first installations. 

Both Mr. Mitchell and Mr. Knowles refer to the possible 
substitution of 440 volts for 220 volts. The higher 
voltage is undesirable not only on account of increased 
danger but because it introduces complications which are 
not present where the whole of the lighting and power 
circuits are supplied from a 2-wire, 220-volt ring main. 
The limitation of the total weight of cable used is 
certainly important, but it must not be overlooked 
that supply in a ship is extremely local and cannot 
be compared with the conditions of a shore public 
supply undertaking. 

Mr. Kirkpatrick refers to possible damage to the 
ring main. In Fig. 4 of the paper the emergency 
connections and change-over switches for alternative 
_Ting-main supplies are indicated. 

Mr. Collie's remarks on the difficulty of obtaining 
watertight conditions in boxes, glands, etc., are con- 
firmed. Ring-main switches are housed in boxes with 
special watertight arrangements, so that his proposal 
to use oil is not so desirable in these cases. His kindly 
references are appreciated and I should like to add that 
he himself has been responsible for a number of sugges- 
tions for the improvement of Naval electrical apparatus 
which have been adopted. 

In reply to Mr. Dransfield, the figure of 50 per cent 
increase in weight due to the use of alternating instead 
of direct current applies to plant other than the main 
generating machinery, i.e. to the motors, motor- 
generators, all cables, switchgear, etc. Searchlight 
motor-generators have been assumed for both the a.c. 
and d.c. estimates, and, with alternating current, 
lighting transformers are assumed for all the lighting 
circuits. As pointed out in the paper, the 50 per cent 
increase in weight would be saved by the reduction 
in weight of the a.c. main generators, and with high- 
speed a.c. generators the total weight of all electrical 
material might be less for alternating than for direct 
current, but the difference either way would be small. 
«Mr. Austin’s proposals for the adoption of the 
constant-current series system for many services in 
warships are interesting. The Admiralty has several 
capstans on shore working on this system and they 
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have proved very satisfactory, but for warship work 
additional protective devices would be necessary and 
additional overall weight is involved. 

In reply to Mr. Hall, synthetic resin compositions 
are finding increasing use in Naval electrical design, 
but panel mounting of switchgear is not considered to 
be equal to the mica-insulated steel-bar method. 

Both Mr. Thwaites and Mr. Brierley raise the subject 
of the best type of generating set. It is hardly possible 
here to discuss the relative merits of various prime 
movers. On board ship, as on land, the low-speed 
dynamo requires less care in maintenance than the 
high-speed dynamo, but the difference is not sufficient 
to rule out the high-speed set where other conditions 
warrant its adoption. 

I am sure that if I answered adequately Mr. Fraser’s 
question on the lessons learnt from the war, I should 
end by writing another paper. 

Mr. Paul’s remarks on the oil turbine have been noted 
with interest. 

One or two speakers have referred to Admiralty 
specifications for, or design of, machinery and apparatus. 
Sir Benjamin Longbottom mentions the compactness 
of design and lightness of the post-war shipboard motor. 
I am afraid that this is only one example of what I 
was referring to on page 831 (vol. 65) in connection 
with the necessity for every possible reduction in weight 
and size of apparatus. Although this may lead, more 
and more, to a departure from ordinary commercial 
designs, I venture to say that it should not bring less 
of that co-operation so vitally necessary at all times 
between the Admiralty and the manufacturer of the 
apparatus. These remarks also apply to what Mr. 
Nielson has said on the same subject. Mr. Nielson 
questions the desirability of designs being prepared at 
the Admiralty. If contractors design—and they cannot 
be in a position to know the full Admiralty requirements 
—either standardization has to be abandoned or mono- 
polies encouraged. H.M. ships are stationed in all 
parts of the Empire and a ready supply of stores and 
spare parts is necessary for upkeep and maintenance. 
Experience has indicated the enormous expense involved 
in departing from standards or of admitting monopolies. 
It would be more than unfair to a successful contractor 
in regard to any particular design to circulate that design 
to other makers in order to secure necessary competition 
and standardization, and economic policy therefore dic- 
tates that standard designs should to a certain extent— 
and with the assistance of manufacturers—be prepared 
at the Admiralty. 

In reply to Mr. Henniker, a certain number of motors 
of Admiralty design, mainly for fans, have been made 
already, and the usual procedure has been followed 
in inviting tenders and placing contracts. Firms on 
the Admiralty list should have no difficulty in obtaining 
specifications on which to tender. 

I hope that the reading of my paper at London and 
the various Local Centres will bear fruit in stimulating 
that good understanding which exists among all those 
engaged in the electrical equipment of H.M. ships, and 
in promoting a clearer conception of the electrical 
needs of a Service which is our common heritage. 
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“ HIGHER STEAM PRESSURES, AND THEIR APPLICATION TO THE STEAM TURBINE.” * 


NORTH-EASTERN CENTRE, AT NEWCASTLE, 14TH NOVEMBER, 1927. 


Mr. A. Q. Carnegie: In the development of the 
steam turbine for the generation of electric power, steady 
progress has been made, not only in the design of the 
turbines and alternators themselves, but in the details 
and arrangement of all the auxiliaries which form part 
of the equipment of a modern power station. The 
boilers, too, have been developed to very large outputs 
and to very high efficiencies, and they have been adapted 
for burning their fuel either on highly developed chain- 
grate stokers or in the pulverized state, but progress in 
this country has been somewhat slow, so far as really 
high steam pressures are concerned. One difficulty is, 
that electricity undertakings do not usually put a new 
power-station extension in hand until they feel that 
they inust do so in order to meet the demand for their 
commodity, and when they do decide to go ahead there 
is usually so little time available that they feel compelled 
to stipulate that the contractors must keep to well-tried 
designs so as to avoid the possibility of any delay in 
getting the plant into commercial service. To do 
otherwise would mean that they would have to commit 
themselves to the expenditure of capital well ahead of 
their load requirements, so as to enable them to overcome 
any initial difficulties before the new service becomes 
essential to the undertaking. The raising of steam 
pressures from 185 1b. to 600 lb. at the boilers has been 
done without encountering any very serious difficulties, 
and as a matter of fact the portions of the installations 
which were considered to contain the most fearsome 
troubles have usually gone into service with the greatest 
smoothness, and the real troubles have been found in 
portions which were considered quite simple. A paper 
was read recently at White Sulphur Springs by Mr. 
Alexander D. Bailey of the Commonwealth Edison 
Co. of America, dealing with the troubles encountered 
during the first few years of operation of the Crawford 
Avenue power station at Chicago, and he emphasized 
the point which I have just mentioned. There is no 
reason why a station embodying high steam pressure 
and intermediate superheating should be very costly to 
build, especially after all the initial difficulties are known 
and after means have been devised for overcoming them. 
It is interesting to note from Mr. Bailey’s paper that 
even with our present knowledge the capital cost of 
Crawford Avenue station, including machinery, boilers 
and buildings, was only 1 per cent greater than that of 
the Commonwealth Edison Co.’s previous new station 
at Calumet, and as both stations were built by the same 
company, and to the same general standard of architec- 
tural and engineering finish, the comparison is quite a 
legitimate one to make. As the authors have pointed 
out in the present paper, turbines for high-pressure 
steam are rather less costly per kW than those for low- 
pressure steam, while the alternators, auxiliaries and 
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switchgear cost practically the same, but it would appear 
that the boiler makers in this country quote prices for 
super-high-pressure boilers which are out of all proportion 
to the relatively small extra strength that is required. _ 
I had occasion recently to make a comparison between 
boilers for 350 lb. pressure and 1.100 lb. pressure, and 
was surprised to find that the prices for the high-pressure 
plant were nearly double those quoted for the low- 
pressure one. It may be that, having a certain amount 
of high-pressure work in hand, the boiler makers may-be 
quoting prohibitive prices until such time as they have 
had some experience. It would be interesting to hear 
the views of the boiler builders' representatives on this 
very important side of the question. There is no doubt 
that, for pressures of 1 000 to 1 500 1b., the use of hollow 
forged drums will increase the cost of the boiler, but 
the heating tubes will cost very little more, while the 
brickwork, firing plant, etc., will cost rather less, as 
the total amount of steam required will be smaller. We 
are all looking forward to the boiler makers taking 
advantage of chrome steels for use in their superheater 
tubes, so as to enable higher superheat and intermediate 
superheat temperatures to be used. It should be 
possible to get to about 900° F. as a regular working 
temperature, and there should be no great difficulty in 
adapting the turbine design to utilize this higher tempera- 
ture, as such a small portion of the whole turbine is 
affected and the other stresses in this portion are at 
present relatively low. There is not much doubt that 
the turbine makers will be prepared to meet higher 
temperature conditions, as soon as these become avail- 
able. The authors have pointed out that for these 
higher conditions the turbines will necessarily be of the 
multi-cylinder type, and I think it will be generally 
agreed that a good deal of work remains to be done 
before an ideal type of gland is evolved. 

Mr. H. L. Riseley: As stated by the authors, North 
Tees “ A ” station was the first one in this country to 
adopt a boiler pressure of 475 1b. per sq.in. This was 
nearly 10 years ago, and it is curious to note that no 
further development had been made in this country up 
to this time. Shortly, however, there will be at Bradford 
a turbine running at 11001b. per sq. in. and 800° E. 
superheat at the stop-valve. The performance of this 
machine will be watched with some interest. This 
installation can hardly be looked upon as a straight 
high-pressure job, as it is really being used for com- 
pounding the old plant. This high-pressure turbine will 
exhaust against a back pressure of 210 Ib. per sq. in. in 
the steam mains of the existing plant. Abroad there 
are about 12 different stations now operating with 
plant at pressures varying from 600 to 1 000 1b., and 14 
operating with pressures varying from 1 100 to 2 560 lb. 
It would appear that if 600 Ib. is exceeded the pressure 
immediately jumps to four figures. The only station of 
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which I have knowledge working at an intermediate 
pressure is Langerbrugge, with a pressure of 710 1b. at 
the stop-valve. It therefore appears that the life of 
quite a lot of our obsolete plant working at pressures of 
200-250 lb. could be prolonged at comparatively little 
cost by the addition of high-pressure plant exhausting 
into the existing steam mains. On page 93 the efficiency 
of the boiler is assumed to be 86:5 per cent, which, 
as the authors suggest, is rather high for commercial 
working, although not unattainable under test, but 
surely with these high-pressure installations one cannot 
fairly take the efficiency of the boiler and turbine house 
separately, but conjointly, because by bleeding off at 
various stages on the turbine for the purposes of feed- 
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followed, no trouble will be experienced with leaky joints. 
Perhaps the authors will explain the merits of the double- 
nutted stud for the purpose of making joints, as the 
principle at first sight appears wrong where bolts and 
nuts can quite well be used. I see no reason why the 
repairs and maintenance necessary on these high-pressure 
jobs should be any more than on low pressure ; the cost 
of breaking and remaking the high-pressure joints may 
be a little more, but 1 should like the authors to say 
whether there is any material or economic advantage in 
pushing the pressures up above 600 1b. and 750° F. at 
the stop-valve. While I can trace from the curves in the 
paper a theoretical saving of 8-1 per cent due to raising 
the pressure up to 1200Ib., I should like to know 
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heating, the combined efficiency shows up much better 
than the increased efficiency on the boiler might lead 
one to suppose. On page 95, solid-drawn steam drums 
with swaged ends are mentioned. I am not at all sure 
whether these may not prove less satisfactory than the 
built-up drum. With a rolled plate, irrespective of its 
thickness, the surface can be very minutely scrutinized 
for surface defects, but in a solid-drawn drum any 
segregation of the metal is not likely to show up so soon 
in spite of these drums being turned inside and out, owing 
to the thickness of the metal, in the case of a 1 200-Ib. 
boiler, being no less than 4in. The best remakeable 
joint with which 1 have had experience is similar to 
that shown in Fig. 28, which is a mild-steel serrated 
ring, the serrations being 31; in. deep and 14 per inch. 
‘Fhe whole secret in getting these joints tight is that, 
while it is not necessary to have a perfectly faced surface, 
the face can be uniformly rough, but flat. The bolts 
must be uniformly tightened up, and most particular 
attention must be given to following up the bolts when 
the pipes or joints are warming up. If this procedure is 


what the increased capital cost and the extra cost of 
repairs and maintenance will be. 

Prof. G. Stoney: I am entirely in agreement 
with the authors’ remarks. Table 1 is most inter- 
esting and seems to be about correct. It may be 
noted that of the total difference between the heat put 
in and the electricity obtained, 18 per cent is due to the 
boiler efficiency, 19 per cent to the turbine efficiency, 
44 per cent to the alternator efficiency and 8 per cent to 
the various small losses. Probably considerable further 
economy would be gained by paying more attention to 
the small losses which occur in a station and which, 
although individually small, are large in the aggregate. 
Another item is the 9 per cent difference between test 
conditions and operating conditions. This, of course, is 
partly due to the load factor, and the reduction of the 
small losses will probably enable this to be further 
reduced. The whole tendency both on land and sea 
has been to increase pressures and temperatures, and to 
improve the vacuum. Fig. A originally appeared in an 
article which I contributed to the Electrician (1921, 
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vol. 86, p. 774) and has been brought up to date. This 
shows in general terms the progress that has been made 
on land since 1891, i.e. in 36 years. It will be seen that 
steam pressures continue to rise, and it is difficult to 
say what will ultimately be the limit. At present it 
would appear to be about 1400 lb. per sq. in. With 
regard to superheating, with mild-steel superheater 
tubes it is difficult to go much above 750% F., and 
therefore the temperature has become practically 
constant. For higher temperatures a better material, 
such as some of the chrome-nickel alloys, will have to 
be used for superheater tubes. The vacuum also has 
become stationary, because it is limited by the tempera- 
ture of the cooling water. As a rule the minimum 
difference which can be obtained in practice between the 
temperature of the cooling water and the temperature 
of the steam is somewhere about 20 deg. F., and this 
cannot be reduced economically. From the rise of 
steam pressures and temperatures, and improved vacua, 
it follows that the B.Th.U. available have greatly in- 
creased. At thesame time the turbine efficiency has risen 
from about 45 per cent to over 80 per cent, due mainly 
to the larger size of turbine, but also in part to more 
efficient design and better material being available. It 
should also be noted that the B.Th.U. per kWh, which 
is really the important thing, have fallen from about 
30000 to about 10000, i.e. a two-thirds reduction. 
Figs. 6 and 7 show very well the great benefit to be 
obtained by improved vacuum and feed-heating. It 
seems probable that in all extra-high-pressure plants 
there will be a high-pressure cylinder in which the high 
pressure and temperature will be taken out. This will 
probably be of small diaineter, running at high speed and 
geared down to the alternator. Such a high-pressure 
cylinder also enables reheating to be more easily accom- 
plished. There is little thermal gain by reheating; the 
chief advantage is that it reduces the loss and other 
troubles in the turbine due to wetness. It is probable 
that in the future there will be boilers working at perhaps 
1 400 lb. and exhausting into other boilers at between 
300 and 500 1b. Such an arrangement seems to be the 
most likely one and enables reheating to be easily 
carried out. The authors mention the difficulties in 
connection with high-pressure glands, and 1 quite agree 
with them that this problem has not yet been completely 
solved. Of course, the whole question of high pressure 
turns on capital cost, economy, and the troubles which 
arise from extra-high pressure, but with the experience 
that has been obtained it does not seem as though these 
should be appreciably greater than with ordinary 
pressures. It is to be remembered that 60 to 70 years 
ago the usual pressures were about 30 Ib. per sq. in., and 
that a well-known engineer, commenting on a ship 
having crossed the Atlantic at 12 knots, said ‘that “ it 
was neither safe nor advisable to go faster.” 

Mr. F. W. Gardner : In introducing the paper, the 
authors draw attention to the fact that their subject 
has already been dealt with on several occasions during 
the last few years. This is not without significance, 
because the frequency with which papers dealing with 
any engineering development figure in the programmes 
of the technical institutions reflects the amount of 


attention that is being given to that development, and ' 
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it does not merely reflect the interest aroused but also 
indicates the amount of work that is being done and the 
progress that:is being made. This, I think, furnishes an 
answer to those who express disappointment at the 
present position and declare that in this particular field 
British engineers are losing their prestige as pioneers. 
The paper shows that really substantial advances in 
thermal efficiency may be achieved by exploiting the 
possibilities of high pressures, but this is not in itself 
sufficient to produce a mushroom growth of high- 
pressure installations. If we do not observe a growth 
so rapid as to be spectacular, we must not infer either 
that there is not steady and continuous progress or that 
there is lack of enterprise. There are many other 
factors that require to be considered. No under- 
taking can afford, particularly in these times of financial 
stringency, to tie up capital unless there is a good prospect 
of a Satisfactory return upon it, and although it is only 
to be expected that increased thermal efficiency will 
involve an increased outlay, it is essential that the 
saving of fuel cost should represent an adequate return 
from this extra capital. The authors express the opinion 
that the capital cost will ultimately adjust itself to such 
a level that the high-economy installation will prove 
the sounder financial proposition. This is a view that 
most people will endorse, but there is no doubt that at 
the present time the comparative costs are such that 
there is not sufficient inducement to adopt a high pres- 
sure, and that this is the primary factor retarding active 
developments in this direction. Another factor of 
hardly less importance is reliability. The designer, 
whether he be concerned with turbines, boilers, or 
auxiliary plant, is confident enough that his designs 
are keeping pace with the advances in conditions, and 
that.the higher-pressure plant is no less reliable than 
that for so-called normal pressures, but the power 
station engineer requires more than merely to be told 
this. After all, it is on him that the responsibility for 
continuity of supply rests, and he must convince himself 
by his own observations of the actual experience gained 
by others, and by watching the progress of pioneer 
installations. Perhaps the chief value of the present 
paper is the complete review that it contains of the 
turbine portion of such installations. By drawing 
attention to their satisfactory operation records, it 
will unquestionably help a great deal to inspire that 
confidence that is so essential, because the authors 
have endeavoured to record quite frankly all the diffi- 
culties which have been encountered with the installa- 
tions that they have described. In comparing the 
position in Britain with that in other countries, it is 
necessary to view the facts in their correct perspective. 
The majority of the plants of which particulars are given 
in the paper are installed in America or on the Continent, 
but this does not justify the conclusion that we have 
been left behind in the matter of turbine design as 
regards the attainment of either high efficiency or 
reliability with such plants. Reference to Tables 3 and 


é will show that no less than 17 of the machines listed 


are of 50000 kW capacity or over. It is these large 
units that offer the greatest inducement to adopt high 
pressures, not only because high turbine efficiency can 
be maintained, and feed-heating and reheating can be 
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developed to a stage of extreme refinement which would 
involve complications not justified on small units, but 
also because the initial outlay per kW shows a more 
favourable comparison when very large units are being 
considered. It is not unreasonable to suppose that if 
Britain had produced the demand for as many large 
units as America, they would not have been constructed 
for lower pressures than have been adopted in the 
United States. Again, the boiler pressure is not the 
only criterion of development. In the issue of Power for 
the 12th May, 1925, performance figures are given for 
the Philo station. With a stop-valve pressure of 
550 Ib. per sq. in. and reheating, the heat consumption 
of the turbine is given as 11600 B.Th.U. per kWh. 
The 18 750-kW turbines at Barking, with only 350 Ib. 
stop-valve pressure and no reheating, give a thermal 
efficiency equal to this, whilst the 25 000-kW sets at 
North Tees, working on 450 lb. stop-valve pressure and 
no reheating, give an efficiency appreciably better. 
The 50 000-kW Parsons unit in the Crawford Avenue 
station of the Commonwealth Edison Co. of Chicago 
affords another illustration. This machine, although 
installed in America, was designed and built in England, 
and is probably the most economical turbine in the 
world to-day. One or two small points in that section 
of the paper which deals with efficiency calculations are 
perhaps worth mentioning. The method adopted for 
comparing overall efficiency for two pressures with the 
same final feed temperature and then adding the gain 
due to additional feed-heating is not quite mathematic- 
ally exact, because the factors 0°92 to 0°94 given on 
page 91 for the combined effect of feed-heating and 
reheating no longer apply when the final feed temperature 
is changed. For this reason, the gain from an extra 
100 deg. F. feed temperature is rather less than the value 
taken from Fig. 2 and given at the top of page 95 as 
2 to 24 per cent. On the other hand, a small improve- 
ment can be effected when the size of the unit is large 
enough to warrant it—by introducing a fourth bleeding 
point, which both makes the feed-heating a little more 
efficient and also permits of it being advantageously 
carried to a rather higher temperature. In dealing with 
the question of feed-heating there is another point to 
be considered. With the higher pressures and higher 
feed temperatures it is hardly possible to utilize all 
the heat available in the flue gases for air heating. This 
makes it necessary to introduce a low-temperature 
economizer and thereby cut out the most effective part 
of the feed-heating by bled steam, in order to maintain 
the efficiency of the boiler itself. Fortunately the 
introduction of pulverized fuel has made it possible to 
use a higher air temperature than would have been 
practicable with the older type of boiler. All the 
curves and calculations in the paper are worked out on 
thermal efficiency as a basis, but the engineer who is 
trying to assess the financial value of a given improve- 
ment is only concerned with the thermal efficiency 
indirectly. ‘The thing which concerns him directly is 
the heat consumption, which is a measure of the fuel 
consumption. A word of warning is required here, 
because a certain percentage increase in efficiency does 
not mean quite the same percentage decrease in heat 
consumption, as the saving has to be taken as a per- 


centage of the larger quantity instead of the smaller. 
It is not always remembered that an increase of 15 per 
cent in efficiency only means a fuel saving of 13 per 
cent. I think this is worth mentioning because there 
has come within my experience more than one instance 
in which confusion has arisen from efficiency curves 
being used as if they applied directly to fuel consump- 
tion. Fig. 5, which shows the effect of pressure on tur- 
bine efficiency, is most important, but not very much is 
said about it in the text. It would have been instruc- 
tive to have had a fuller discussion of the considerations 
on which the curve is based. On page 95 the authors 
refer to the fact that with feed-heating and reheating, 
test figures indicate a flat efficiency curve, that is at 
varying loads, and they seem to suggest that this is due 
to the high pressure. It is more probable that it is due 
to the reheating, because, with reheating, the cycle 
efficiency is improved, for the reason that the average 
temperature of taking in heat is raised at the lower loads. 

Mr. R. Dowson : The authors give, as improvements 
within the Rankine cycle, (a) improved vacuum, and 
(b) higher steam temperatures, without making it clear 
whether (b) is attained by increasing the boiling tem- 
perature or by raising the total temperature (i.e. higher 
superheating). Now the original Rankine cycle was 
expressly stated as concerning water-steam and was not 
concerned with superheating at all. The use of initial 
superheat therefore, in my opinion, places the cycle 
using it outside the original Rankine cycle, i.e. it is a 
modification of it and the use of re-superheating and 
regenerative feed-water heating are but further modi- 
fications of it. Further, it has been shown that in the 
limit, when saturated steam is premised and perfect 
regenerative feed-water heating assumed possible, the 
Rankine cycle becomes the Carnot cycle between the 
given steam-temperature limits. If initial superheating 
is used, the same limit is approached if 1eheating to the 
initial temperature in a number of stages is assumed, 
for the first operation in the cycle then approximates 
to isothermal expansion. This being so, the subdivision 
of the classification into the headings ‘“ Within the 
Rankine cycle” and “Outside the Rankine cycle’? 
appears to me to be artificial and liable to mislead the 
student, who uses such papers as the one under discussion 
as a means of gaining sound practical and theoretical 
knowledge, for it is difficult to see why regenerative 
feed-heating and reheating between stages of a turbine 
are fundamentally any more of an alteration to the 
original Rankine water-steam cycle than is the addition 
of superheating. In the second place, while the authors 
confess that they have omitted all reference to the 
question of cost of such engineering projects as those 
described, they have failed to explain also why they 
have omitted all mention of experimental research, 
past and future, towards the elucidation of the proper 
physical knowledge necessary to exploit. high steam 
pressures effectively. Surely, in addition to summariz- 
ing what has been done commercially, it is advisable to 
summarize also the progress in physical knowledge upon 
which the commercial development is based, and to 
indicate what remains to be done in order to make further 
increases in steam pressure economic. Failure to do so 
is likely to lead many to think that further increase in 
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steam pressure is of little value, because they will not 
be able to appreciate that the effective use of such 
increase depends upon the gathering of new knowledge 
on the subject. Achievement, in fact, is only redeemed 
from total failure by being allowed to rank as partial 
failure and by being regarded as the vantage ground for 
a fresh forward movement. What seems unprofitable 
to-day may look quite different in the light of further 
research. An example of such a pitfall to the unwary 
occurs on page 93 where the authors say, referring to 
Fig. 5: “ These (curves), in their opinion, show with 
fair accuracy the manner in which the turbine efficiency 
is likely to vary with the steam pressure.” They should 
‘have been careful to add: ‘‘ In the absence of further 
improvements in our knowledge of physics and in our 
applications of it.” The authors, in fact, say just the 
opposite, for they proceed to say: “ It is assumed that 
in any particular case . . . the design throughout is up 
to date and well proportioned to the results sought.” 
The principal characteristic of the curves in Fig. 5 is, 
of course, the falling off of turbine efficiency with higher 
steam pressures; but to say, as the authors do, that 
Fig. 5 represents “ turbine efficiency curves for various 
pressures, without reheating,”” is most misleading, as it 
is wrong to bring reheating into the argument at all. 
It has nothing to do withit. The cause of this falling- 
off of turbine efficiency is inferred from deductive reason- 
ing to be due to the greater precipitation of moisture 
during expansion. when the higher steam pressures are 
adopted. When further means are looked for in order 
to counteract or suppress this falling off, rehedting may 
then be mentioned as one way of doing it. It is true 
that reheating does good in two ways—it slightly raises 
the mean temperature of heat reception as well as post- 
pones the precipitation of moisture—but the former gain 
is practically negligible and there is at least one other 
possibility of diminishing the adverse effect of moisture, 
namely, its mechanical removal or drainage. Although 
many unsuccessful attempts to do this have been made 
in the past, there is considerable room for expectation 
that means will be available before very long for effec- 
tively removing moisture. But, some will say, this in 
itself will not effect the desired result, because the cause 
of diminished efficiency is not the presence of moisture 
alone but supersaturation also. In fact it would seem to 
be becoming tacitly assumed in some quarters that super- 
saturation must be accepted as the proved, cause of 
diminished efficiency when little or no superheat exists 
initially in the steam. In order definitely to establish 
this assertion, however, it is absolutely necessary to 
prove three propositions: (1) that supersaturation does 
exist in a turbine, (2) that supersaturation is competent 
to explain the phenomenon which it is said to explain, 
and (3) that no other cause but supersaturation is 
- competent to explain it. I submit that, up to the 
present, while (2) has been very ably handled by several 
writers, (3) has been adequately handled by only one 
writer, and (1) by nobody at all. Can anyone demon- 
strate irrefutably by direct experiment that super- 
saturation actually does exist in a turbine? Prof. 
Goodenough has recently contributed two articles to 
Power (27th September and 4th October, 1927) on the 
subject of “ Supersaturation and the Flow of Wet 


| 50 per cent, the remainder being water. 


Steam.” These are exceedingly interesting, although 
the author nowhere states that supersaturation in a 
turbine is a.proved fact. He says that the two pheno- 
mena (supersaturation and the effect of slow-moving or 
lagging water-drops) are interlocked and that neither 
alone will account for all the experimental facts. In 
view of this state of affairs, it appears to me to be quite 
out of place to refer to Fig. 5 as showing with fair 
accuracy the manner in which the turbine efficiency is 
likely to vary with steam pressure. It is only likely to 
vary in that manner if practical advance in steam- 
turbine design is not accompanied by and based on 
adequate modern research. In the third place, on page 
95, where there commences a discussion on the develop- 
ments in the use of high pressures in power stations, the 
authors refer far too superficially to the large amount of 
pioneer work done by Jacob Perkins and his family. 
They do not state the measure of success which Perkins - 
met with nor do they discuss the cause of his failure to 
establish: high pressures a century ago. Then, further 
on, in Section (4), certain systems of high-pressure steam 
generation are mentioned as though they were something 
new, whereas according to existing records they are, in 
the main, revivals or elaborations of Perkins’s original 
work, The paper read by Mr. Charles R. King before 
the Newcomen Society on the 24th November, 1926, en- 
titled ‘‘ High Pressure Steam and the Work of the 
Perkins Family,” deals with this aspect of the, situation 
very clearly. Further on, describing the Benson. boiler 
at the top of col. 2 on page 96, the authors state : “ Satu- 
rated steam leaves the tube:at the other end and this 
can then be superheated and throttled down to any 
desired pressure for -use in a prime mover.” On the 
same page, however, they state: “ After being passed 
through a reducing valve, it passes at 1 500 Ib. per sq. in. 
into the superheater coils mentioned previously, and 
leaves at a temperature rather over 850° F.” It will be 
observed that in these two statements the sequence of 
throttling and superheating is reversed. Since the 
critical temperature at which the steam is generated is 
706° F. and the temperature of exit 850° F., it is evident 
that the amount of initial superheat possible is only 
144 deg. F., unless throttling to a lower pressure is 
adopted, with corresponding thermodynamic loss. Fur- 
ther, if, according to the second statement, the steam is 
first throttled to 1 500 lb. per sq..in. before superheating; 
then a glance at the Mollier chart:shows that the conse: 
quent dryness fraction of the steam will be only about 
This water 
will have to be re-evaporated in the superheater coils, 
and as this re-evaporation takes place at. a pressure far 


| below the critical pressure, it is hardly likely that it will 
| “ pass quietly into steam” once more. 


The critical 
pressure state-point of steam looks very well at the top 


. of the temperature-entropy diagram, but on the total 


heat-entropy -diagram its position quite low down on 


_ the boundary ‘curve is rather disconcerting. Another 


point is that the Benson boiler as constructed at Rugby 
does not appear to be made in accordance with modern 
views. According to Victor Blomquist, who read a 


| paper at the first World Power Conference at Wembley 
| entitled ‘‘ Extra High Pressure Steam Generation,”’ * it 


e Transactions of the First World Power Conference, vol. 2, p. 1882. 
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appears that it is essential to use straight tubes, and 
that the early failures with high-pressure boilers (Laval, 
Serpollet, White, etc.) were largely due to the use of 
serpentine or coiled tubes, which could not be cleaned 
on the inside. In view of this it would be interesting 
to know why the straight-tube design was not carried 
out, especially in view of the fact that, as the authors 
say at the bottom of page 96, this has since actually 
been done, and on a much larger scale, in Germany. 
With regard to the high-pressure geared turbine men- 
tioned on page 105 under group (B) (ii) and built by the 
English Electric Co. at Rugby, it has been a disappoint- 
ment to many interested people that the actual test- 
results of this turbine have not been published for the 
benefit of all. Failure to do so gives rise to miscon- 
ceptions and leaves us to draw our own conclusions. 
Even if the work with the Benson boiler was confidential 
- and could not be published, it is not clear why the ban 
, should have been extended to the turbine results. The 
paper states that the turbine was made “ to work with 
steam supplied by the experimental Benson boiler 
previously described.” But if the object. was merely 
to test the boiler, why make a turbine at all? And 
if the object was to test the turbine, there are more 
ways of generating steam at 1 500 lb. per sq. in. than 
by making a Benson boiler. The turbine illustrated 
in Fig. 20 seems to have an unfortunate resemblance 
to that shown in Fig. 14 (which is really an Erste- 
Briinner design, as mentioned on page 105) so that it 
does not seein to come into a different category except 
for the fact that it is geared. Further, it would be 
interesting to know why the use of a first Rateau wheel 
of larger diameter than the rest has been copied. The 
authors’ statement during the discussion, that it is so 
made to provide room for the steam inlet belt, is not 
very convincing in view of practically all the other 
designs illustrated in the paper. It looks much more as 
though it provided a compromise between windage and 
gland losses, or a means of avoiding the.use of a bypass 
for obtaining overloads. The solid disc construction 
shown in Fig. 24 and discussed on page 103 is a good 
example of tempora mutantur. The construction was 
used by one maker 10 years ago, and at that time it was 
condemned as an expensive and bad design. Now, 
however, ‘not the least of its advantages is said to be that 
it enables a reduction to be made in the diameter of the 
glands and consequently in the gland leakage. As a 
matter of fact, the thickening up of the shafts of rotors 
carrying separate discs is comparatively recent, and I 
am of the opinion that in 1917 a solid rotor of what was 
thought to be adequate stiffness had actually larger 
gland diameters than those commonly adopted at that 
time by other makers using separate discs. Turning 
finally to the discussion of high-pressure glands, on 
page 116 the authors are indeed right when they say 
that in their opinion the problem of an efficient high- 
pressure gland is of the first importance and is one which 
has yet to be solved. It is a problem that must be faced, 
as in this instance it appears not to be practicable to 
avoid it—at least not completely. There is little doubt 


that in many instances a carefully designed and well- 


` constructed blading fails to give a good brake efficiency, 
solely because the gland leakages are.so heavy. Unless 


this problem is adequately solved, there is likely to be 
sooner or later a vindication of a heresy which is even 
now being whispered among some, to the effect that 
higher steam pressures should be dealt with by recipro- 
cating steam engines and their exhaust steam used in 
turbines. If such proposals are realized it will be a 
veritable return to the practice successfully carried out 
by Perkins a century ago. 

Mr. J. W. Jackson: Although the authors have 
indicated that they do not desire to deal with the financial 
aspects which such a paper demands consideration of, 


1 should like to ask what effect their proposals are likely 


to have upon the power station as a whole. With that 
end in view, I would suggest that we consider the 
possibility of being able to buy coal at a price of 8s. 
per ton, at which price there is now a certain amount of 
lower-grade fuel available, and it would appear from 
general indications that large quantities of fuel will have 
to be available at a price approaching this figure before 
this country as a whole can again become prosperous. 
We should consider a medium-sized power station of the 
orthodox design with a steam pressure of about 200 lb. 
per sq. in. and consuming 2 |b. of lower-grade fuel per 
unit. Such a station, of course, does not possess many 
of the modern “‘ frills.” It would therefore produce 
1 kWh at a fuel cost of 0-085d. The capital charges of 
such a station, putting the initial cost at about £24 per 
kW, would amount to 0-108d., making a total under 
these two headings of 0: 193d. per unit. Now we should 
assume a station working under similar conditions but 
with a steam pressure of 1000 lb. per sq. in. and the 
necessary “‘ frills ” to secure the benefits of such pressure, 
and that it would effect a saving of 10 per cent in fuel 
as is claimed. The coal consumption would be reduced 
to 1-81b. per kWh, and fuel would cost 0-077d. per 
kWh. If we assume the capital charges to be increased 
by 20 per cent, the cost for capital per kWh would then 
amount to 0-1296d., giving a total under these two 
headings of 0-2066d. per kWh, or an increase in cost 
under these two headings of 0:0136d. per kWh merely 
to apply the theories advanced in this paper. There 
does not appear to be any occasion to consider the 
question of reliability, because it will be agreed that the 
simple system will lend itself to a greater degree of 
reliability than that advocated by the authors, and for. 
the same reason the cost of operation of the simple 
system will probably be considerably less than can be 
the case with the authors’ system. It will be noticed 
that it has been assumed that capital charges would be 
increased by 20 per cent only. There is not very much 
evidence available that such a small increase as this can 
be hoped for, while it is suggested that a boiler to work 
at 1000 1b. per sq. in. would cost at least 200 per cent 
more than a boiler of the orthodox type. Supply 
undertakings, not being philanthropic institutions, are 
required to show a return on capital, and I should there- 
fore like to ask the authors at what price per ton of 
coal their proposals would begin to operate favourably. 

Mr. V. A. Pask: (communicated) : The possibility of 
utilizing these higher pressures with a view to obtaining 
increased thermal efficiencies is a question which is 
focusing the attention of most central station engineers 


. at the present time, but the economic aspect of the 
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matter should not be lost sight of. In this respect I 
think that it is particularly unfortunate that the authors 
have given no information in regard to capital costs to 
enable us to see how far higher steam pressures are 
commercially justifiable. The criterion by which any 
steam power station should be judged is its commercial 
efficiency or average cost, including capital charges 
taken over a number of years per unit of output. Con- 
siderable error may be made by judging the excellence 
of design of any power station purely on its performance 
as measured by the number of B.Th.U. consumed per 
kWh. Thermal efficiency is sometimes secured at the 
expense of commercial efficiency, whereas the true basis 


should be dependability of service and commercial 


efficiency. The economic steam pressure depends almost 
entirely on load factor, cost of fuel per ton, thermal 
efficiency, and interest, depreciation and repairs on the 
basis of capital costs, and each new power station will 
call for special consideration in this respect. In regard 
to capital costs,.I understand that for a large station 
equipped with air heating, economizers, reheating of steam 
and feed-heating, the increased cost for 500 Ib. per sq. in. 
as compared with 250 1b. per sq. in. is approximately 75 
per cent, and for 1 000 lb. per sq. in. approximately 220 
per cent. At the present time I think that for a large 
station with a load factor of 60 to 70 per cent and with 
fuel at 15s. per ton one would be justified in adopting a 
pressure of 450 lb. per sq. in., based on the above relation 
of capital costs, and, as no doubt these costs will be re- 
duced as the demand for this type of plant increases, I see 
no reason why the economic pressure should not soon be 


raised to 600 1b. per sq. in. for such a station. The advan- 
tages of bleeding turbines for the purpose of feed-water 
heating are too well known and appreciated to need com- 
ment, butas regards the reheating of steam, however, there 
is some divergency of opinion. The results obtained have 
not equalled those anticipated, and in this respect I 
should here like to refer to Fig. 3 and to ask the authors 
how these curves were obtained. Are they calculated 
gains or the results of actual tests? I suspect the 
former, based on corrections for wetness which in practice, 
so far as I am aware, have not been realized. Difficulties 
have also been experienced. If higher steam pressures 
are adopted a point will probably be reached at which 
it will be imperative for reheating to be carried out to 
overcome the troubles due to erosion of the turbine 
blading by the use of wet steam. One of the difficulties 
experienced in reheating has been to avoid excessive 
temperatures on the low-pressure turbines and, as the 
authors state, complicated damper devices have had 
to be fitted for this purpose. Probably a more efficient 
and simpler method to overcome this trouble would be 
to fit an “Arca” or similar regulator operating in 
conjunction with a de-superheater to control the outlet 
temperature of the steam from the reheater. The 
undertaking with which I am associated has had such 
a regulator and de-superheater working for over two 
years and the results have been very satisfactory, the 
temperature being regulated to fairly close limits. 


[The authors’ reply to this discussion will be found on 
page 319,] 


NORTH-WESTERN CENTRE, AT MANCHESTER, 29TH NOVEMBER, 1927, 


Mr. K. Baumann: Turning to page 94 of the 
paper, 1 wish to point out that during recent years 
a great number of articles have been published giving 
an estimate of the improvements possible with higher 
steam pressures, and I am sure that power-station 
engineers responsible for the purchase of new plant will 
have some difficulty in making a choice amongst the 
mass of curves which have been published. I am afraid 
the value of the curves included in the paper is consider- 
ably reduced owing to the fact that the calculations 
have not been given step by step. It is not apparent 
from Fig. 5, where the decrease in efficiency with higher 
steam pressures is given, how much of that decrease 
is due to increase of wetness at the low-pressure end of 
the turbine, and how much is due to the increased 
leakage and friction losses at the high-pressure end 
which are bound to occur with higher steam pressures. 
The wetness correction is well known. In 1912 I read 
a paper before the Institution * in which I referred to 
a simple way in which the wetness correction or the 
effect of wetness on efficiency could be calculated. In 
1921, again before the Institution,f I explained this 
wetness correction more fully and showed how it could 
be applied. Since the publication of my paper in 1921, 
tests have been made both in the United States and on 
the Continent which practically confirm these wetness 


e Journal I.E.E., 1912, vol. 48, p. 708. 
t Journal I.E.E., 1921, vol. 59, p. 560. . 


corrections so far as their application to the straight 
high-pressure turbine is concerned. These wetness 
corrections have been adopted on the Continent, in the 
United: States and in this country for the purpose of 
calculating the improvement which can be obtained in 
turbines with higher pressures. I find that the wetness 
correction between two points, 300 1b. pressure and 
1200 lb. pressure, results. in a greater decrease in 
efficiency than the full decrease shown in Fig. 5. That 
means, in other words, that the authors have assumed 
that the hydraulic efficiency of a turbine actually 
improves with high pressures. With regard to the 
remarks on page 99 on the subject of reheating, I think 
that the authors have insufficiently emphasized the 
importance of one of the principal reasons why reheating 
is being adopted. The chief object in many cases has 
been the desire to reduce the wetness in the last few 
stages of the turbine. If the wetness in the low-pressure 
stages is considerably more than 10 per cent, excessive 
erosion is likely. to occur with any of the blading 
materials available. This means increased maintenance 
costs, as low-pressure blades are expensive. For that 
reason, at Crawford Avenue the Chicago Edison Co. 
have, after abandoning the earlier method of reheating 


_in a separate reheat boiler, introduced a new method 


which has been mentioned in the paper; that is, to 
reheat the operative steam between stages by means of 
high-pressure steam or a portion of the high-pressure 
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steam, during which reheating that portion of the high- 
pressure steam is condensed. Of course the improve- 
ment which is obtained by that method is very much 
less than that possible with reheating in a separate 
boiler, because the amount of reheating is much smaller. 
It is limited by the saturation. temperature of the steam 
at the full pressure. In the case of Crawford Avenue, 
where the steam pressure is 550 lb., the saturation 
temperature being about 480° F., the reheating tem- 
perature is approximately 480° to 485° F., taking into 
account the effect of the superheat in the heating steam. 
There is one other method of reheating which has not 
been referred to by the authors, but which was mentioned 
in the course of the discussion on Mr. Guy’s paper * 
before the Institution of Mechanical Engineers a year 
ago; that is, to reheat the operative steam by passing 
the whole of the high-pressure steam through a surface 
reheater. In passing through that surface reheater the 
temperature of the high-pressure steam naturally drops, 
and the amount of reheating which is possible in that 
case is limited by the temperature of the steam obtained 
from the boiler. Assuming the temperature of the steam 
coming from the boiler to be 850° F. and the tempera- 
ture of the steam entering the turbine to be 750° F., 
the amount of reheating possible is only 100 deg. F. 
Again in this case the amount of reheating possible is 
strictly limited by the maximum possible temperature 
of the steam supplied by the boiler. By combining 
these two methods of reheating it is possible to double 
the amount of reheating and also to double the amount 
of improvement obtained. It is interesting to note 
that for the installation at Mannheim, where the steam 
pressure is to be about 1 400 lb. per sq. in., this com- 
bination of the two methods of reheating has been 
adopted. On page 108 the authors refer to the turbine 
which they have manufactured in connection with the 
Benson boiler. It has been stated that the turbine 
has not been designed from the point of view of efficiency, 
but yet the ratio of blade speed to steam speed is 0-33. 
With such a blade ratio one would have expected a 
higher efficiency than is rumoured. I have heard it 
stated that the efficiency was only of the order of 30 
per cent, and it would have been interesting if the 
authors had given some explanation of this low figure. 
In this connection it is worth noting that the nine- 
stage turbine shown in Fig. 19 gave an efficiency of 
about 50 per cent, and recently it has been stated that 
with its successor, a 13-stage 2-cylinder back-pressure 
turbine also referred to in the paper, an indicated 
efficiency of 61 per cent was obtained. 1 question very 
much the accuracy of the results published in Fig. 23, 
and in particular the two curves for reaction stages 
with radial clearances and axial clearances. The 
authors cannot ask us to accept those curves without 
further explanation and data as to the tests which 
have been carried out. I will assume, of course, that 
those curves show not only the effect due to leakage, 
but also the effect due to varying blade heights. As 
the effect on small blade heights must be appreciable, 
those curves would appear to suggest that with the 
reaction turbine with radial clearances the tip losses 
are about three times as great as those obtained with 
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axial clearances. On page 116, reference is made to 


gland troubles, and I note that the authors do not. 
consider that the gland question has been solved. I 
do not see how the gland problem can be avoided by 
the use of overhung shafts as the authors suggest. As 
in any case the glands would have to operate against 
a considerable pressure, all it means is that with an 
overhung shaft one gland can be used instead of two, 
but that gland would have to operate under more 
difficult conditions than those unde: which two glands 
would operate with a through shaft. The shaft dia- 
meter in the two glands could be smaller and the possible 
deflection of the shaft would also be decreased. Where 
two or more overhung turbine wheels are used the more 
difficult gland, I agree, would be avoided, but the 
advisability of the use of overhung rotors with two or 
more wheels is very questionable, and it is interesting 
that for the Langerbrugge extension the earlier design 
with overhung wheels was abandoned by the manu- 
facturers in favour of the ordinary through shaft with 
two bearings. Very little information is given in the 
paper about the design of glands, in spite of the fact 
that, as the authors point out, the gland question plays 
an important part in the development of turbines 
suitable for, high pressures. I agree with the authors 
that the ordinary gland commonly used is far from 
satisfactory, but I do not think that they have given 
the reasons why this should be so. The simple reason 
is that the common gland suffers from the serious 
disadvantage that, as soon as rubbing and consequent 
heating of the parts which come into contact occur, 
the distortion of these parts is such that the contact 
becomes more severe and serious difficulties will arise 
unless the turbine is shut down. The difficulty is that 
the conditions are unstable. Having in mind that 
these facts do not seem to be commonly appreciated, 
it may be advisable to give a short explanation of this 
phenomenon. To do this it will be necessary to give 
a short history of the design of glands. The simplest 
design of gland used in the early days is shown in Fig. 
B, where labyrinths are shown to come in direct con- 
tact with the shaft. As the shaft is never absolutely 
true, local rubbing usually occurs and consequently 
local heating which causes the shaft to bend in such a 
manner that contact becomes more severe. Conditions 
become worse and worse, and serious vibration is likely 
to occur unless the turbine is shut down immediately. 
In many cases it has been found that when a shaft has 
cooled it is bent in the opposite direction to that indi- 
cated by the rubbing marks, as shown in the diagram. 
This is due to the fact that, while hot, the heated part 
of the shaft was compressed beyond the elastic limit 
by the forces exerted at the point of contact. A 
sleeve was introduced on the shaft (Fig. C) with a 
view to avoiding this difficulty. In- this case the shaft 
is not heated directly, the heating of the shaft itself 
is more uniform and a bent shaft is not likely to occur. 
This construction was quite satisfactory for relatively 
low temperatures and low peripheral speeds. For higher 
temperatures, however, and higher peripheral speeds, 
experience has shown that when rubbing occurs the 
sleeve, owing to local heating, blisters as shown in Fig. D, 
with the result that the clearances are further decreased. 
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Contact becomes more severe and, unless the turbine 
is shut down, it is possible that the sleeve will be heated 
to such an extent that it will burst, causing severe 
damage. In order to. avoid this difficulty the design 
shown in Fig. E has been used, in which case thin collars 
are provided on the sleeve, and these come in contact 
with a stationary bush which, for ease of assembly, must 
be made in halves.: If rubbing occurs locally as at the 
point A (Fig. F), the stationary part will tend to straighten 
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itself at this point, with the result that a distortion 
such as indicated will occur, the result being agam that 
contact becomes more severe. The material when hot 
at the point A may be compressed, and when the sleeve 
is examined after cooling down it will be found that 
it has taken the shape indicated in Fig. G. Again, we 
find that with this design the conditions are unstable. 
The gland shown in Fig. H suffers from the disadvantages 
explained in connection with Figs. D and E. In view 
of the serious difficulties which may arise it is not 
surprising that erectors, knowing this, erect their 
turbines with ample clearances to make sure that 
rubbing cannot occur, but of course at the cost of 
decreased efficiency, which may be serious with higher 
pressures. 1t is obvious that a gland can only work 
satisfactorily if, when rubbing occurs, the local distortion 


of the parts coming in contact is such that the clearance : 


will be increased automatically. The principle of such 
a gland is shown in Fig. J. In this case the stationary 
part consists of a thin cylindrical strip which, when 
rubbing takes place either locally or over the whole 
periphery, moves radially away from contact, not 
owing to pressure exerted at the point of contact but 
simply as a result of heating. The rotating part may 
also heat up, but as it is held by the colder sleeve it 
does not follow the stationary part, with the result that 
the clearance is automatically increased. An actual 
gland designed according to this principle is shown in 
Fig. K, the arrangement of the clearance’spaces being 
such that effective throttling takes place owing to the 
fact that the steam path is tortuous; at the same time 
the maximum number of labyrinths is obtained within 
a given space. Glands of this design have been in 
operation for several years and have fully met all 
expectations. The gland is assembled with relatively 
small clearances. Rubbing occurs, but as the result 


of the design a slow grinding-in tales place without 
causing any vibration to the turbine whatsoever. In 
fact, it is only by opening up the turbine that it can be 
ascertained that rubbing has taken place. Both rotat- 
ing and stationary parts are made in steel, which is the 
only material suitable for high temperatures, and the 
condition which has been stated to be necessary by 
the authors, i.e. that where steel is used the surfaces 
liable to come in contact must be reduced to an absolute 
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minimum, is not of vital importance at all, so long as 
the masses of the parts coming in contact are kept 
reasonably small. If rubbing occurs on a relatively 
bulky part, it will always be found that the distortion 
of this part is such that clearances will be decreased 
and that these parts after serious rubbing has taken 
place are permanently distorted to such an extent that 
they have to be replaced. It will be observed that this 
new gland will function properly at all loads and is in 
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this respect different in principle from the glands con- 
sisting of segments held in position by means of springs, 
which are supposed to deflect under the influence of 
the pressure of contact. These will only operate at 
very light loads, as at the higher loads the segments 
are held in position firmly by the unbalanced steam 
pressure. The conditions outlined above apply not 
only to glands with radial clearances but also to glands 
with axial clearances, Existing axial glands suffer 
from the disadvantages explained. These can be 
avoided by designing axial glands also according to 
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the new principle. The authors have entirely disre- 
garded the question of costs; they neglect the fact that 
even in modern power stations with a high load factor 
the fixed charges are of the same order as the coal 
costs, and it is obvious that under these conditions 
the first cost must play an important part in power- 
station economics. I do not know what the authors 
mean by their remarks on page 117 which are to the 
effect that if the introduction of higher pressures means 
greater economy, then the ultimate cost of high-pressure 
plant will adjust itself to meet such conditions. It 
would have been more appropriate to say that it is 
necessary for the increase in the boiler prices with 
increased pressures to become much less than it is in 
this country to-day, before it is possible to recommend 
higher pressures with some justification also for this 
country. After all, the turbine end is only a relatively 
small portion of the plant and there is no great difficulty 
in making turbines for higher pressures and temperatures, 
and the extra cost involved is relatively small. I do 
not think that this point can be emphasized enough 
and I should like to see a paper on ways and means of 
decreasing the extra cost of boilers for higher pressures, 
which is just as important as the improvements in 
thermal efficiency -which can be-derived from higher 
pressures and temperatures. The principal obstacle 
against the use of higher pressures is largely the increased 
cost of boilers, quite apart from the possible increase 
‘in maintenance costs and increased attention which 
will be necessary in the operation of such plants. 
Mr.H.C. Lamb: The authors have expressed a wish 
that something. should be said in the discussion about 
the results obtained at the Barton station, and 1 propose 
to deal with the subject from that aspect. About 10 
years ago the decision was made to install steam plant 
oí 375 1b. pressure at Barton, with two-stage feed-heating, 
but no steam reheating. At the time, this was considered 
a somewhat bold decision. To-day, of course, such a 
pressure is quite ordinary, and I imagine that no large 
station would be built for a lower one. No serious 
troubles have been experienced at Barton as a result of 
this somewhat high steam pressure. A few years ago 
t became necessary to make extensions at this station, 
and consideration was given to the question of raising 
the pressure to 550 lb., with reheating of the steam. 
For various reasons it was decided to make no change 
in the steam conditions, chiefly because the results 
obtained with the plant as first designed were so good 
that they compared very favourably with those of other 
stations employing higher pressures and steam reheating. 
One has to admit now, however, that the thermal 
efficiency obtained at Barton has been improved upon 
by some of the large stations in the United States, 
and this is, no doubt, because those stations have been 
employing very high-pressure steam. There are, of 
course, good reasons why some of the large companies 
of the United States have developed the high-pressure 
steam plant. Load factors there are very different, 
in many of the undertakings, from what they are in 
this country. Some of their large systems have an 
enormous base load (i.e. all-night load). In this 
country, and in Europe generally, the all-night load is 
only about 15 to 20 per cent of the maximum load, but 
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recently I saw a load curve for an electricity under- 
taking in the United States which showed an all-night 
load reaching 40 per cent of the maximum demand, and, 
what is more, that all-night load exceeded the maximum 
winter peak load of the Manchester undertaking. With 
conditions such as this, it is clear that the maximum 
efficiency of generation for this huge base load has to be 
aimed at. There is another reason, and one which also 
concerns the subject of load factor, why engineers in 
this country have hesitated to embark upon experi- 
mental and expensive schemes. Owing to the fact 


. that expansion of demand necessitates the frequent 


installation of new plant, which new plant is always of 
higher efficiency than the old, it follows that, with 
ordinary load factors of the order of 30 to 35 per cent, 
the base-load plant of to-day becomes the day-load 
plant of to-morrow and the peak-load plant of tue 
day after to-morrow. Here is a remarkable illustration 
of this fact. In Manchester there is a large turbo- 
generator which, in the year 1917, generated 109 
million kWh. In 1925 the output from that plant, | 
although it was in commission for the whole year, was 
only slightly above 1 per cent of what it had been eight 
years previously. I think the Electricity Act of 1926 
is likely to cause changes which will operate in favour 
of high-pressure steam. The schemes published for 
Scotland and the South-East of England are constructed 
on the principle of base-load and seasonal stations. 
These base-load stations will operate at high load 
factors comparable with those ruling in the United 
States of America, and there will be a very good case 
for high-pressure and high-economy plant. I have 
endeavoured to apply the authors’ figures to the Barton 
station over a period of two years. The overall thermal 
efficiency of the Barton station was, for the two years, 
20} per cent, and when the plant was working on a 
100 per cent load factor the efficiency was just over 23 
per cent. If I have understood the authors’ figures 
correctly, then, assuming the load conditions and the 
existing plant to remain as they are to-day, if a high- 
pressure turbine of suitable size operating at 1 000 Ib. 
per sq. in. with reheating and feed-heating were installed, 
the 100-per-cent-load-factor efficiency would be raised 
to 28-3 per cent, which would mean an economy in 
fuel consumption of 174 per cent. Supposing that such 
a plant were mstalled and could be operated for 75 
per cent of the 12 months, then the output from that 
plant would be 50 per cent of the whole output from the 
station, and it would raise the overall efficiency from 
20} to 222 per cent. This would mean a reduction in 
fuel costs of 10 or 11 per cent. Stated in another way, 
with coal at its present price there would be a reduction 
in the cost per unit of output of 1/100th of a penny. 
This seems a small figure, but 1 think it would justify 
the installation of such a plant, provided other factors 
were satisfactory. No doubt most of us are disappointed 
that the authors did not include in the paper figures 
regarding capital cost, but, as far as 1 have been able 
to ascertain, capital cost in this question is not the 
deciding factor. 1 hope that manufacturers will not 
infer from this that the cost of the plant does not matter. 
On the contrary, I would assure them it is all-important ; 
but the other things which have to be considered so 
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very carefully are reliability of operation and the cost 
of repair and maintenance. One would not wish, 
through introducing complications for the sake of 
economy, to sacrifice anything in the way of reliability 
of operation. With regard to the reliability and cost 
of maintenance of high-pressure steam plant, Mr. John 
Anderson, of Milwaukee, recently published a valuable 
paper detailing his own troubles, and, after reading it, 
one feels that his experience has been distinctly en- 
couraging and will probably lead to the installation of 
more high-pressure plants. 

Mr. H. L. Guy: It is natural that I should be 
particularly interested in the first part of the paper, 
because a short time ago I read a paper before the 
Institution of Mechanical Engineers on ‘‘ The Economic 
Value of Increased Steam Pressure.” To those who 
are not, shall I say, specialists in this kind of question 
but whose opinion has to be determined by the 
results of such investigations, it must be confusing to 
be faced by an enormous discrepancy in the expecta- 
tions encouraged by different estimates which have 
gained some publicity in the last few years. Before 
going into that subject I should like to turn to Fig. 1, 
because it raises a point upon which there should, in 
the beginning, be some uniformity of opinion. It is 
desirable, when performance figures are to be compared, 
that people working with certain figures for performances 
—if their standard of comparison is to be efficiency— 
shall, with the same figures, arrive at the same efficiency. 
For that to be done the coefficient 3 420 which appears 
at the side of Fig. 1 must be agreed. It is merely the 
number of B.Th.U. equivalent to 1 kWh. I raise the 
point: because I am doubtful whether the coefficient 
chosen of 3 420 has really any technical sanction. The 
only element entering into the evaluation of this figure 
about which there can be any variation of opinion is 
Joule’s equivalent. The following table gives the values 
adopted by various authorities :— 


Authority J oule’ s 


equivalent B.Th.U. per kWh 
Stodola 778-28 3 409-06 
Callendar .. 778.17 3 409-54 (45° latitude) 
Peabody .. 778-0 3 410-29 
Callendar y 777-78 | 3411:25 (London) 
Marks and Davis 3 412.39 


7177-52 


1 would suggest that a value of 3 411 might be usefully 
adopted as a standard. The figure given by the present 
authors corresponds to a value of Joule's equivalent of 
775-79, which is one with which I am unfamiliar. It 
is because of the lack of standardization about these 
fundamental constants that ‘it is so difficult to compare 
the performances obtained in one country with those 
obtained in another. Many of the thermodynamic 
efficiencies published in American journals must be 
reduced by from 1 to 1-5 per cent if they are to be 
compared directly with corresponding efficiencies de- 
duced from Callendar’s steam tables and coefficients. 
I was naturally interested in- the authots' estimates of 
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the thermal gains which can be expected to result from 
the adoption of increased steam pressures. I found them 
a little difficult to follow because much of the relevant 
data is not revealed. I would, however, emphasize 
that it is not to be supposed that the figures given in 
Table 2 represent the authors’ conception of the relative 
gains to be expected at the pressures stated. They teil 
us later that we must reduce these figures by 58 per 
cent if the vacuum is 28 in., or by 53 per cent if the 
vacuum is 29 in. The authors make this adjustment 
but it does not obtrude. The important thing in this 
matter is not the absolute value of the efficiency to be 
obtained at different pressures but their relative values 
—that is the increase in efficiency which can be obtained 
with increase in pressure. I have taken the figures 
in the paper and plotted them against the curves which 
I published some time ago, with the result shown in 
Fig. L. It almost looks as though one of us might be 
correct. That is a great advance, because in the 
exhaustive discussions before the Institution of 
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Mechanical Engineers last year, estimates of gains to 
be expected from increased pressures were given which 
were many times those the authors and myself would 
sanction. One of the most interesting investigations 
in the matter which has been published in the interim 
is that of Mr. T. Roles. I have compared his figures 
with those of the authors and myself. He assumed 
that the boiler efficiency varied with the pressure, but 
he stated the amount of such variation. Making Mr. 
Roles’s correction for boiler efficiency on his own curves, 
I find his estimate for the gain in coal consumption, as 
between 250 and 1 000 Ib. per sq. in., to be 1-48 times 
my own, and 1-435 times the present authors’. Contrast 
this with Mr. Longley’s estimate given in the discussion 
on Mr. Mellanby’s paper before the Institution of 
Mechanical Engineers at Leeds, that, as a result of the 
steps which had been taken at Bradford, they expected 
to.raise the station efficiency from 18 per cent to 25 per 
cent. That represents an expected gain of 38-8 per cent, in 
spite of the fact that reheating was not included and that 
only half the station was to be pressure-compounded. 
This estimate is several times that which the authors 
and I would suggest. Mr. Longley’s further conclusion 
that there was very little difference in the costs of plant 
for these two pressures was naturally influenced by 
this very optimistic view of estimated gain. -It is of 
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interest to remember that the actual gain in station 
efficiency realized on the 1 200 1b. reheating Boston plant 
was 4 per cent when 33 per cent of the total output was 
generated by the high-pressure plant. It is stated in 
the 1927 report of the National Electrical Light Asso- 
ciation that the gain in efficiency with the Milwaukee 
1 200 lb. reheating installation was 3 per cent when 33 per 
cent of the total output was generated by the high- 
pressure plant. The next matter for consideration 
is the additional gains to be expected from the use of 
bleeder heating. As the authors have indicated, this 
increases as the pressure is increased. I have examined 
the values given in Figs. 2 and 2a and disagree with 
them slightly. In my opinion they over-estimate the 
gain to the extent of about 5 per cent at 250 lb. and 10 
per cent at 1 000 lb. I suggest that the actual net gain 
on 1 000 1b. per sq. in., relatively to 250 1b. per sq. in. in 
a system using three feed-heaters, would be 1 per cent 
less than that given by the authors. With regard to 
the gains expected with reheating, shown in Figs. 3 
and 3a, these values are close to the upper limits pub- 
lished in my own paper. On that occasion 1 gave 
reasons for regarding them as upper limits at the present 
time and for suggesting that the intermediate values 
which 1 gave should be used as a basis for expectation 
to-day. Many of those present will recall that a few 
weeks ago in this room Mr. Longham Pendred told us of 
his conclusion after his recent investigations into American 
practice. Speaking of flue-gas reheating, he stated that 
the conclusion arrived at in America was that the gain to 
be expected was 5 per cent. The authors, for the same 
conditions, suggest a gain 1-44 times as great, whereas 
my own suggestion was 1-08 times that realized in the 
United States for those conditions. There is another 
matter of interest. In their opening remarks the authors 
mentioned that the use of reheating increased the 
attractiveness of high-steam pressure. As I pointed 
out in my paper, the actual variation with steam pressure 
of the gain to be expected from reheating is so small 
that it can be left out of account so far as it affects 
the question of the choice of steam pressure. I based 
that conclusion on the fact that, even if the highest 
limit of possible gain were realized, the additional gain 
from reheating with pressure was limited to 0-125 per 
cent per 100 lb. increase in pressure. The value 
obtained by the authors is 0:1 per cent per 100 Ib. and 
therefore reinforces my argument. That does not mean 
that reheating is not the proper thing to adopt as 
pressures are increased, but that the thermal advantage 
of reheating at low or moderate pressures is practically 
the same as that which accrues from reheating at high 
pressures. In my opinion, until we can successfully 
employ steam temperatures of the order of 900° F. the 
use of some form of reheating is desirable, if not impera- 
tive, for pressures of 600 Ib. per sq. in. and upwards. 
In discussing the effect of steam pressures on boilers 
the authors say that none of the conditions called into 
play affect the boiler performance. They have over- 
looked the consideration that as pressure is increased 
the saturation temperature is increased and that certain 
heat-changes in a boiler are a function of the saturation 
temperature. The importance of this was amply 
evidenced in the paper recently read by Mr. John 


Anderson in which he pointed out the difficulties 
resulting from a. change in saturation temperature of 
some 150 deg. F. I find the authors’ stipulation of 
constancy of boiler efficiency with pressure in the 
present paper difficult to reconcile with the recent 
public expression of opinion of one of them that at 
1 000 Ib. per sq. in. the boiler efficiency would be 2 or 
3 per cent less than at 250 lb. per sq. in. Before I 
leave this section 1 should like to take one illustration 
which the authors gave when they directed our attention 
to what they termed “that very highly successful 
station about which we have heard so much—Langer- 
brugge.” Last year I made certain comparisons 
between the performances of American stations and 
that of the Barton station, not altogether to the dis- 
credit of local endeavour. If, as a result of Mr. Lamb’s 
remarks in the present discussion, comparison should 
be made with one station in America which is operating 
at 600 Ib., I would suggest that whoever makes that 
comparison should also compare it with the perfor- 
mances of the other stations in America using 600 Ib. 
per sq. in. and reheating. Let us return to the com- 
parison of a modest Lancashire power station and 
Langerbrugge, comparing things which are roughly 
similar in capacity; actually both in size and speed 
the disadvantage lies with the former. ' The figures for 
Langerbrugge have been published by Mr. Herri, the 
chief engineer. In one set of figures he published the 
thermal results obtained in five consecutive days’ 
operations, during which time 34-7 per cent of the out- 
put was generated from the high-pressure boilers. 
The significance of these will be apparent when I say 
that the average heat consumption for the five con- 
secutive days was 20 783 B.Th.U. per kWh developed. 
Now turn to the Lancashire power station. By the 
courtesy of Mr. R. Blackmore I am able to give the figures 
now being obtained at the Hartshead power station 
of the Stalybridge Corporation. The steam pressure 
there is 250 lb. per sq. in. with a total temperature of 
630° F., compared with 800 lb. per sq. in. at Langer- 
brugge with a total temperature of 840° F. The heat 
consumption at Hartshead for the seven consecutive 
days commencing the 14th of this month was 17 050 
B.Th.U. per kWh generated. Thus we get this extra- 
ordinary result—that instead of Langerbrugge being, 
as I would expect, 5 per cent better than Stalybridge, 
or, as the authors would expect, perhaps 6 per cent 
better, actually it is 21-9 per cent worse. (I am able 
now to add that for the three weeks following that used 
as a basis the average thermal efficiency of Hartshead 
was between 1 and 2 per cent higher than that for 
the week commencing November 14th.) There appear 
to be factors in this question which have not been 
discussed by the authors. Apart from the efficiencies 
of the individual unit of the plant and skill in their 
co-ordination and operation, perhaps the most important 
factor lies in the relation that size of plant bears to the 
gains which can be realized at high pressures. I 
directed attention to this question in the course of the 
discussion on Mr. Baumann’s paper before this Institu- 
tion in 1921.* Herein lies one of the reasons why the 
pressures adopted in some of the American stations 
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may be appropriate pressures for their conditions. 
Consider the notable installations mentioned in the 
paper. Fig. M gives the ratios of what I have reason 
to believe are the actual turbine thermodynamic 
efficiencies co-ordinated with the ratio of the volume of 
steam entering the turbine. Such results are very 
important. In order to get the gains that the authors 
and I have said may be obtained, it is necessary to use 
relatively large plant, and therefore I would invite the 
authors to tell us what precise value they attach to 
their expression that ““it is assumed that in any 
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particular case the turbine output is reasonably large 
in relation to the speed at which it runs.” 

. Mr. W. Kidd : When steam at a pressure of approxi- 
mately 1 000 1b. per sq. in. is used, reheating is desirable, 
if not absolutely necessary. Mr. Baumann remarked 
that if the wetness is 10 per cent one may expect 
serious trouble from erosion. If steam is expanded 
from 1200 lb. pressure to, say, 29 in. vacuum, then 
the wetness will be very much more than 10 per cent 
in the last stages of the turbine, probably nearer double 
that percentage. Two inethods of reheating are referred 
to, namely, by means of the gases in the boiler and by 
using high-pressure steam. The former is undoubtedly 
a very complicated arrangement, and it appears that 
many people are trying to avoid it. Steam reheating is 
quite an old idea, and was used in connection with 
reciprocating engines many years ago. It certainly has 
the advantage of greater simplicity and can be applied 
in an entirely new station, because the inlet pressure 
for the second-stage turbines can be so selected that 
there is an adequate difference of temperature between 
the heating and heated steam. It is unlikely that 
steam reheating could be used in a superimposed system 
where the existing plant is designed to use steam at a 
temperature of 600° to 700°F. The authors give a 
list of plants which are using “‘ live ” steam for reheating, 
but they do not mention the temperature of the steam 
used for the lower-pressure turbines. Can they supply 
that information and, if possible, particulars of any 
other places where steam reheating has been used ? 
In the early part of this year it was my duty to investi- 
gate the problem of high-pressure boiler plant, and, 
taking a broad view of it, I thought that probably the 
boiler tubes would be the most troublesome part of the 
whole plant. In comparing the conditions appertaining 
to pressures of 375 lb. against 1 200 lb. per sq. in., I cal- 


culated that the boiler tubes at 375 Ib. pressure exposed 
to radiant heat would have a certain temperature 
margin above the “ creep ” limit, but that when the 
pressure was increased to 1200 Ib. the temperature 
margin would be reduced by one-half. I doubt whether 
any operating engineers would agree that the margin 
of safety in normal-pressure boiler tubes is excessive; 
if that is so, then this smaller margin of safety with 
the high-pressure boiler must be too low, unless some 
special steel-alloy tubes are used. The temperature 
margin on the tubes will be so low that it might 
easily disappear altogether, due to local conditions 
such as scaling and defective circulation at certain 
loads. Particulars of what has been done in con- 
nection with these high-pressure boiler tubes would, if 
the authors could supply them, be of much interest. 
The use of screened tubes in the combustion chambers 
of high-pressure boilers is now quite common, but I 
should be inclined to rule out altogether the fin tube. 
If the fins are to be really effective, there must be a 
high rate of heat transmission where the fin joins the 
tube. Based on what has already been found in con- 
nection with boiler tubes, one would expect that the 
temperature margin must be practically wiped out 
altogether, and under these circumstances the fin tube 
is decidedly an inferior proposition to the plain tube. 
Towards the end of the paper the authors say that the 
size of buildings would obviously be less with high- 
pressure plant. I take that to mean that the buildings 
would be substantially less, and on that point I join 
issue. In the case of the boiler-room, there may be a 
saving due to the increased overall efficiency of the 
plant, but the floor space required is determined by 
the grate area, passages, and space for renewal of tubes. 
There cannot be much difference in that respect between 
high- and low-pressure plant. In the turbine-house 
the high-pressure cylinder is relatively a small part and, 
presumably, a high-pressure turbine would have two 
cylinders and probably two shafts, thus’ necessitating 
more floor space. The low-pressure cylinder would be 
almost the same size, whether it was for a high-pressure 
or a low-pressure unit, and my experience is that the 
minimum height of a turbine-house is really determined 
by the size of the low-pressure cylinder—the height 
required for the crane to turn it over. The width of 
the turbine-house is usually determined by the con- 
densing plant and auxiliaries. The electrical end of 
the machine is the same, whether it is driven by a 
high-pressure or a low-pressure steam turbine. The 
size of the crane and the strength of the steelwork in 
the building are, in a big plant, determined by the 
size of the alternator; so there is no gain there. Con- 
sider the switch-house and switchgear. If single-shaft 
machines are used, then the switchgear requirements 
would not differ. If, however, double-shaft machines 
are adopted, than that means another switch per set, 
which would increase the size of the building. In the 
switch-house there would therefore be an increased 
expenditure of several thousand pounds for one set, 
assuming that we are dealing with a large-capacity 
station. I therefore fail to see where any saving of 
building costs would be effected by the use of high- 
pressure steam plant; in fact, I should be inclined to 
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think that the building costs would be higher. Techni- 
cally, the use of steam pressures of about 1 200 lb. per 
sq. in. appears -to be quite feasible and undoubtedly 
gives a higher thermal efficiency. I believe that the 
higher pressures will be adopted in stations where 
there is a sufficiently large load and a high enough 
load factor to make the proposition economically 
sound. Successful electrical power-supply engineering 
must be based on sound financial procedure. 

Mr. W. E. W. Millington: I have found the first 
part of the paper rather difficult to follow closely, on 
account of the large number of efficiencies which are 
given, i.e. efficiency ratios, plant efficiencies and plant- 
efficiency ratios. One is apt to get somewhat confused 
with these and I would ask the authors not to introduce 
another one in the shape of station efficiency, as 
mentioned on page 91. It is rather unfortunate that 
they have not explained on page 91 exactly how they 
arrived at the curves in Figs. 2 and 2a, which show the 
gain in thermal efficiency due to feed-water heating. 
In Table 2 they give the maximum thermal efficiency 
on the Rankine cycle. For example, in the second 
column, they give 35-42 per cent and then give the 
plant efficiency with 3-stage feed-heating as 22-9 per 
cent. Taking the 60 per cent plant efficiency ratio 
which they have assumed, and working backwards 
from this figure of 22-9 per cent, we obtain for the 
Rankine cycle an efficiency of 38-2 per cent. In other 
words, the implication is that somehow or other this 
regenerative feed-water heating is improving the 
Rankine cycle. We must all agree that this is not so. 
I think it should be made clear how the improvement 
has come about. We all admit that an improvement 
is to be obtained from this feed-water heating and that 
the gain must appear in one of the multitudinous 
factors. The question is, under which of those factors 
does it come ? The only factor in Table 1 to which it 
can reasonably be ascribed is the boiler-efficiency 
factor, and I have no doubt that that is its real place. 
Dealing further with feed water, I would ask whether 
the boiler feed-pump factor of 0-994 in Table 1 is 
correct. It is not clear how much the authors have 
included in that factor, but the figure seems extra- 
ordinarily high to me. 

Mr. L. W. Schuster: A noticeable point in the 
paper is the advance in design at the turbine end of 
the ‘pipe line to meet the more strenuous working condi- 
tions. In the past we had turbine casings made of 
cast iron; in the usual modern practice we have cast 
steel (at the high-pressure end, at any rate); and with 
higher pressures we are to have solid steel forgings—a 
great advance. Now let us consider the boiler end of 
the pipe line. What is to be the difference in the method 
of constructing the drums? There is no gainsaying 
the fact that troubles were enormously increased when 
pressures jumped from 120 to 180 lb. per sq. in. These 
are both low pressures now. With the modern tendency 
for pressures to rise and the thicker plates that are 
involved, trouble at seams is on the increase. Even 
with the present pressures there is considerable scope 
for improved workmanship and methods of construction. 
At higher pressures still, it seems that with the present 
‘method of construction more and more trouble will be 


inevitable. To find troubles in plenty we do not have 
to look at boilers working at pressures as high as even 
400 to 500 Ib. per sq. in. ; there are enough with boilers 
working at 200 to 250 lb. per sq. in. With riveted 
joints at higher pressures we are confronted with 
stresses in plates induced during bending and assembling, 
leaky seams, excessive riveting pressures and vicious 
caulking, overstressed metal and cracked plates. As 
an alternative we hear that welded joints have proved 
most successful on the Continent, but we have already 
had experience of welded seams in this country. If 
the Board of Trade has thought fit to decree that, 
with boilers at a very low pressure and made of com- 
paratively thin plates, ‘‘no seam in tension shall be 
welded,” are we to expect that this form of construction 
will give a high margin of security when the plate is, 
say, 34 in. thick? The only solution that commends 
itself to me is that by which the drum is constructed 
of a solid steel pressing. Here, and here only, have 
we an engineering production that can compare favour- 
ably with the plant at the turbine end of the pipe line. 

Mr. C. H. Mills: The portion of the paper that 
particularly interests me is that dealing with steam 
piping and high-pressure joints. This presents a 
problem of vital importance to power-station engineers 
to-day, especially with the increase of temperatures 
and pressures. I am surprised to find that no mention 
is made in the list of stations put forward in the paper 
of the Gennevilliers power station, Paris, where the 
working pressure is 435 lb. and the temperature 800° F. 
Very little mention, also, is made of American stations 
which are working at temperatures up to 800° F. It is 
the temperature which is the principal problem con- 
fronting the pipe-work manufacturers. Pressures can 
be accommodated by thickening the pipes, and the 
development in the various types of flange joints of 
recent years is largely due to the excessive temperatures 
and consequent strains. I am conversant with the 
various methods of flange joints put forward in the 
paper, but it seems to me that the authors have omitted 
to mention one most commonly used in power stations, 
particularly in this country, and also in the station I 
have mentioned in France, namely, the ordinary flange 
joint, i.e. flanges electrically welded to the pipes with a 
continuous weld from back to front and a good fillet 
worked up at the back. The flange faces are ground 
and then, in the type to which I am referring, they are 
bolted together with a nickel joint ring and manganesite 
paste. They have been working in Gennevilliers for 
five years at 435 lb. pressure and 800° F. I am told— 
some people may doubt it—that they have never given 
any trouble. The grinding of the faces is, to my mind, 
an important feature. This joint is extensively used in 
this country with absolute success at pressures up to 
375 lb. per sq. in. Then there is a riveted joint with 
the serrated caulking strip, or. with serrated flanges 
where rivets are used instead of bolts. It is claimed 
that this joint prevents any leakage, but my experience 
is that after a time the rivets always leak. This joint 
is much on the lines of the serrated joint mentioned by 
the authors, except that the flanges are riveted to the 
pipes, and rivets are used instead of bolts. I, personally, 
have failed to see any advantage derived from the use 
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of this type of joint. They are a constant source of 
trouble, and the trouble cannot be remedied except by 
caulking, which very often makes matters worse, 
whereas even if a bolted joint does leak it can be 
remedied in a very short time. I know of instances 
where whole pipe installations with riveted joints have 
been taken out and replaced by welded-on flanges with 
bolted joints. In one case, in order to get a tight joint 
with riveting a Klingerite joint ring was placed on 
either side of the caulking strip; but these facts, to my 
mind, all go to prove the inefficiency of the serrated 
joints and caulking strips, whether riveted or bolted, at 
any rate for the working conditions of the modern 
power stations. The Sargol joint shown in Fig. 30 is 
an attempt to make a sealed joint perfectly steam-tight, 
and it is mteresting to note that the extended welded 
lips referred to are a recent development of this type of 
joint. It would seem that the makers have found that, 
with the staving-up of the end of the tubes, warping 
takes place with the welding. In my opinion a big 
improvement on this joint is the Corwel joint, which is 


Sealed by acetylene 
welding round joint 


Metal-to-metal joint” (= 
with ground faces 


Fic. N.—Patent ** Corwel ” joint for steam mains 
(cross-section). 


now on the market and quite extensively used. Fig. N 
shows a cross-section of this joint and the method of 
manufacture. With this joint there is a certain amount 
of springing due to the metal being doubled over, and 
this allows for any variation in the surfaces due to 
expansion and contraction when welding. This, to my 
mind, is far preferable to the mass of metal used in the 
Sargol joint. It is steam-tight, strong, and answers 
the demands for a joint which can be installed and 
forgotten. 1 do not consider that the Babcock and 
Wilcox pipe joint with flanges screwed on and after- 
wards welded is satisfactory. Invariably, when the 
heat is applied during welding, the metal of the pipe 
buckles and the threads leave each other. It is far 
better, in my opinion, either to weld or to screw, and 
never to combine the two. Finally, I would suggest 
that the chief enemies to pipe joints are expansion and 
water, and before departing from the flanged and bolted 
joint and searching for some other type of joint which 
will not leak, I would suggest that engineers should 
look into the expansion strains set up in their steam 
mains. A main cannot be too flexible, and a joint is 
not intended to take expansion strains. Expansion 
problems have become much more acute recently due 
to the excessive temperatures and pressures we are 
using to-day, and I would suggest that the corrugated 
pipe, which is now widely used, should be used even 


more frequently. These bends, which are five times as 
flexible as plain pipes of the same size, can be bent to 
almost any shape and radius. They save a considerable 
amount of space and have served as a solution of many 
expansion problems in power stations. They are made 
of hot-drawn weldless steel tubes; are actually stronger 
than a plain pipe, and are in use to-day under the most 
severe working conditions, such as I have mentioned. 
The authors mention that any liability to distortion 
due to high pressure and temperatures, experienced by 
the connection of the steam chest and the high-pressure 
cylinder of turbo-generators, is overcome by substi- 
tuting four U-shaped pipes of 8 in. diameter for one 
large pipe. In this connection I would point out that 
some turbine makers have adopted as a standard fit- 
ment one large corrugated U-shaped pipe, which pro- 
vides five times the flexibility of a plain pipe. In my 
opinion this is a much more practical solution and is 
simpler and less costly. | 

Mr. P. P. Wheelwright : High pressures are more 
the practice in America than in this country, but 
extra-high pressure still appears to be exceptional even 
there, so that there are comparatively few examples in 
the world at present. 1 think that insurance com- 
panies will require considerable persuasion before they 
agree, on reasonable terms and conditions, to steam 
pipes and boilers being worked at pressures of 1 000 lb. 
per sq. in. and above. There is no doubt that steam 
pressures will be increased, but the fact still remains 
that, for supply work, continuity and stability are, after 
all, the main objects to be sought. 

Mr. C. E. Stromeyer : If the figures given do not 
satisfy everybody, they constitute scales of comparison 
which may be improved upon. The paper is rather 
comprehensive on account of the introduction of the 
boiler. The question of the turbine was large enough 
for one discussion, but as boilers have been mentioned 
I should like to make a few remarks on the subject. 
One point raised in the discussion is the very great cost 
oí high-pressure boilers due, to a large extent, to the 
great thicknesses of the plates. I have always thought 
that boilers were built far too heavily, and therefore— 
I will not say not as safe—not as free from troubles as 
they should be. The stresses in boilers are due not only 
to pressure but also to the strains associated with non- 
uniform heating, and those strains are more severe the 
thicker the plates. Whenever an inexplicable failure 
occurs the general idea amongst engineers is to thicken 
the metal, but 1 could give many instances where the 
thickening of the metal has done more harm than good. 
The reason we are using a big factor of safety for shell 
plates is, as far as 1 can see, the fact that we started 
with ¿-in. plates and with boiler pressures of 50 or 
60 lb. per sq. in. Boilers were built with lap-jointed 
plates made of the so-called ‘‘ best ” iron, which was 
really nearly the worst. There were occasional failures. 
Apparently the boiler makers of those days had just 
reached the limit to which they could work on a real 
factor of safety of 1, so that there were quite a large 
number of explosions of lap-jointed boilers. The 
trouble was that the bending stresses in those joints 
were so excessive that there was really no margin of 
safety. It has recently been shown by mathematics 
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and experiments that the lap-joint bending stresses are 
about three times as severe as the average pull in 
the plate. A lap joint has therefore only one-third of 
the strength of the double butt strap joint. When, 
therefore, that joint was introduced the thickness of 
shell plates could have been reduced from ¿ in. to 
$ in., but that would have seemed absurd, and people 
were satisfied with the slight reduction corresponding to 
increased percentage strength of joint. With thick 
plates a large reduction is practicable and even desirable 
so as to reduce the very severe stresses associated with 
the straining of thick plates. Other parts of the boiler 
are worked with a very low margin of safety and with 
perfectly satisfactory results. Thus in dished ends of 
boilers there is a tendency to groove along the roots of the 
flanges. There have been quite a number of cases where 
the flanges have grooved, a sign that the material was 
being strained to the limit of its endurance, that it was 
being worked with a factor of safety barely exceeding 1. 
A very large number of German boiler ends which had 
worked for dozens of years were found to be grooved 
and have been renewed wholesale. Here in England 
we have never gone quite so far, but there have been a 
few disconcerting accidents. We were called in to 
inspect 32 boiler drums, and found 48 dished ends so 
badly grooved that they were at once removed. A 
curious thing about these grooves and cracks is that, 
contrary to elastic theories which demonstrate that 
cracks are sources of weakness, they seem to give 
relief. We have nearly a dozen boilers which have 
been working for 8 or 9 years with short cracks in the 
roots of their flanges. We have watched them closely 
but these cracks do not seem to extend, and as long as 
they do not extend, as long as they remain short, the 
uninjured parts are safe. If these local reductions of 
thickness, even in the objectionable form of cracks, 
afford relief, why not make the plates thinner to begin 
with? It would save material and obviate the troubles 
we are experiencing now. I should not like to lay it 
down that they should be made so much thinner, but it 
is a matter deserving very great consideration. Many 
years ago, just after I had written my book on marine 
boilers, Maxim, who was then building his flying 
machine, asked me to discuss his little Thornycroft 
boiler, which was to drive it. He wished it to be as 
light as possible. I told him: “ If you are going to 
risk your neck in that machine, you may as well work 
the boiler on a factor of safety of 1.” I believe I was 
merely anticipating modern practice, for flying machines 
seem to be designed to have a short life. They are 
being worked close up to their endurance limit, i.e. 
their factor of safety is only a little in excess of 1. I 
consider that steel has been one of our best friends, -and 
in a good many cases where there have been boiler 
explosions steel had done its utmost. It is a very 
reliable material, but it cannot do the impossible, as it 
is sometimes asked to do through designers’ ignorance 
of the real nature of the stresses to which they are 
subjecting it. As regards heat-transmission problems, I 
think boiler engineers ought to have a good look at the 
inside of a boiler—at any rate from the outside—to find 
out for themselves what is really going on. In some 
experiments recently made in Germany with a Stirling 


type of boiler, the difference in pressure between the 
top and the bottom of the front-row water tube being 
measured, it was found that the steam bubbles in the 
pipe aggregated about 3 ft. in a 15-ft. length, showing 
that only 67 per cent of the water in the tube was in 
contact with the outside surfaces and only intermit- 
tently. That is a very important matter for considera- 
tion, because of the front tubes receiving their heat by 
radiation, which is nearly independent of any increase 
in temperature of the tube surface. It is dependent on 
the absolute temperature of the furnaces; and the hotter 
the furnaces are made, that is the higher the thermal 
efficiencies of the fires, the more heat is transmitted 


. into the front-row tubes. No wonder that they some- 


times get overheated without any other cause and burst. 
It should also be borne in mind that if a 3-in. tube 
were replaced by two tubes of 14 in. diameter, the 
heating surface would be the same as before and also 
the volume of generated steam, but the sectional area 
would be reduced to one-half, and therefore the length 
of steam in each one of the tubes would be 67 per cent 
of the length instead of only 33. Make the tubes still 
smaller and there will be practically no water in those 
tubes. I have a strong feeling with regard to the front 
row of tubes in water-tube boilers, that they ought to 
be of a larger diameter than they are now. What is 
done with the other tubes which receive their heat by 
convection does not matter. There is a very prevalent 
but erroneous idea that tubes, if staggered, are more 
efficient than when placed in rows. At any rate one 
enterprising boiler-maker, who experimented in the 
matter, says that there is no difference in the heat 
transmission whether the tubes are staggered or not. 
Even if that were not quite true, a great reduction 
might be effected in the thicknesses of steam-drum 
shells if the tube holes were placed in line and not 
staggered, as is now the general practice. With regard 
to superheaters, they are certainly a great trouble at 
these very high temperatures and pressures, owing, no 
doubt, to the newly discovered property called ‘‘ creep- 
ing.” Whatever is done to prevent it, the tempera- 
tures are so high that the metal perishes in a short 
time. I cannot suggest a practical remedy, but, I 
think that there is some promise of relief in the idea of 
transferring the heat from the fire indirectly by some 
fluid metal, like molten lead, which would, of course, 
not be under pressure. . As regards improvements gene- 
rally, a suggestion has been made that the insurance 
companies and associations hamper progress. Well, 
perhaps they do, but I believe it is human nature. 
Even engineers are very conservative when they have 
to guarantee the impossible, which is absolute safety, 
but occasionally, too, they are very rash. Inventors 
come forward with ideas: they make laboratory 
experiments and then say “ We have proved this 


| thing to be perfectly safe; now you can go ahead.” I 


do not trust laboratory experiments at all. I like to 
study them because they are very instructive and 
suggestive, but when it comes to actual construction I 
prefer to see what happens in reality. The iron ship- 
building industry was built up on those lines, Little 
was known about theory in the early days, and iron 
ships were merely strengthened here and there whenever 
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they showed local weaknesses. It may be the same with 
regard to early boilers. The experience gained in 
practice is of far greater value than theoretical con- 
siderations, and the value of explosions is very great 
in teaching us what the actual strength should be. We 
in this country have Board of Trade inquiries which 
have proved of some help, but they are not as exhaustive 
as they might be made. When an inspector is 
responsible for the safety of a boiler, especially if he is 
responsible to his superiors who have to insure that 
boilér, he is very timid and likes to shield himself 
behind orthodox rules and practices. They are engi- 
neers and should deal with each case on its merits. 
Here in England we have the advantage of not having 
any definite rules for boilers, but we are getting them. 
We are still at liberty to launch out in new directions, 
with regard to reducing the thickness, etc. We—that 
is the insurance world—can do that without any Govern- 


ment interference, but there is no inducement for us to 
discover how far boilers can be improved from the owner's 
point of view. On the other hand, one has to be 
careful not to allow a rash person to come along and 
say a thing is safe when it is not. Thus, although I 
have just suggested that certain parts of boilers might 
be reduced in thickness, I should not like to sanction 
the change unless my views had been confirmed by de- 
structive tests. I know of only one such experience, the 
Barking explosion, when a marine boiler burst, probably 
owing to the failure of some welded steam-space stays, 
at a pressure of about 240 Ib. per sq. in., whereas the 
working pressure, by Board of Trade rules, was only 
about 70 lb. The shell plates were of iron and fire- 
welded. The furnaces and also the flat plates do not 
seem to have caused the explosion, and would also 
appear to have been two or three times stronger than 
they need have been, 
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Messrs. A. H. Law and J. P. Chittenden (in 
reply): We are quite in agreement with Mr. Carnegie's 
remarks to the effect that, when new electrical under- 
takings or extensions are being considered, engineering 
progress is to a certain extent hampered not only by 
the question of time but also for financial reasons. In 
spite of this, the progress in electrical matters has been 
extraordinarily rapid when one considers that within 
the last 20 years the output of a single generating unit 
has increased from about 5 000 kW to about 200 000 kW, 
On the question of boiler costs, it has sometimes been 
thought difficult to justify the greatly increased price at 
present asked by manufacturers for boilers to operate 
at the higher pressures and temperatures, but this is a 
matter which is gradually adjusting itself. 
to the problem of making turbines for higher pressures 


and also for higher temperatures, the difficulties that . 


present themselves are normally not so great as in the 
case of the boiler, on account of the smallness of the 
parts and the fact that stresses can be kept down to a 
very safe figure. This is borne out by the fact that 
there are, as shown in the paper, many turbines both 
on the Continent and in the United States working 
satisfactorily with high pressures and comparatively 
high temperatures. The difficulties with pipe joints 
have also been overcome, and we agree that possibly 
the only detail of turbine design which at present offers 
difficulties is the shaft gland. The difficulty is not to 
make a turbine gland to work with perfect reliability 
under these higher steam conditions, but rather to make 
one in which the amount of steam passed is a relatively 
small quantity, since if still further improvenient in 
turbine efficiency is to be effected it can only be obtained 
to-day as a result of attention to all losses, no matter 
how small. 

In reply to Mr. Risely, it is agreed that the new 
Bradford high-pressure installation must be considered 
to be a compounding of existing plant working at more 
normal pressures, but it is possible that this way of 
introducing higher pressures in power-station work is 
one which yields the greatest advantages, since it means 


With regard — 


the rejuvenation of many existing stations which, 
although sound engineering propositions, could not 
otherwise compete with new stations designed for rather 
higher steam conditions. This has already been suc- 
cessfully accomplished and proved to be a financial 
success by stations such as Edgar, Milwaukee, Langer- 
brugge, etc. In this connection the point raised by 
Mr. Risely, that there appears to be no intermediate 
step between the 600 Ib. per sq. in. and 1000 lb. per 
sq. in. installations, as shown by the tables in the paper, 
is of interest. It is explained bv the fact that 500-600 
lb. per sq. in. is the pressure adopted for an entirely 
new high-pressure station—‘‘a straight high-pressure 
job,” as Mr. Risely terms it. In the case of a superposed 
plant, owing to the fact that often the existing plant is 
operating with a lower economy, and also that only a 
portion is usually compounded, a pressure of the order 
of 1000 to 1 200 Ib. per sq. in. is adopted in order to 
obtain the maximum improvement. Langerbrugge is, 
of course, rather an exception, but, as remarked in the 
paper, there were special considerations in this case. 
We also share Mr. Risely’s opinion with regard to the 
making of pipe joints for high pressures. From experi- 
ence we have had at Rugby with both the Navy ring 
type and also the joint used on the Benson plant, it is . 
absolutely essential that the faces of both the rings and 
the pipe flanges themselves be perfectly true, and in 
fact it has been the practice of the English Electric Co. 
to have these faces ground in all joints designed to work 
with high pressures. The reason for the employment 
of double-nutted studs is, as mentioned in the paper, 
that the heads break off the ordinary type of bolts. 
This type is also simpler to manufacture as a forged 
bar, and is less expensive. 

Prof. Stoney’s Fig. A shows very clearly the present- 
day tendency to employ higher steam pressures in 
power stations, and also indicates in a striking way 
how, with the materials at present available, the initial 
temperature has reached the maximum value of 750° F. 
and, indeed, has not shown any tendency to increase 
for some years, Of course there are.a few stations, even 
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at the present time, where temperatures even exceeding 
800° F. are in use, but it seems probable that such high 
temperatures will not become general until metallurgical 
researches have produced a material, at a reasonable 
cost, more capable than those at present available of 
withstanding such temperatures. 

As Mr. Gardner suggests, capital cost is a factor 
which must have a very considerable influence on the 
sphere of usefulness of higher steam pressures, and that 
the size of the unit, or indeed of the station, is of great 
importance in this respect. This is especially so in the 
case of a new station, but not to such an extent when 
higher pressures are introduced through superposed 
plant into an existing station of possibly only moderate 
size. As suggested, it is very probable that reheat- 
ing plays an important part in producing a flat 
heat-consumption curve at varying loads, but it is 
interesting to note that there is a similar tendency in 
high-pressure plants which are operating without inter- 
heating and even without feed-heating. Thus both at 
Utrecht and Klingenburg the turbine steam-consumption 
appears to be only 3-0 per cent worse at half load than 
at full load. 

We do not entirely agree with Mr. Dowson’s remarks 
on the subject of the Rankine cycle. To the best of our 
knowledge, the Rankine cycle is employed as the standard 
for steam engines whether the steam be initially dry or 
superheated. For instance, the definition of the standard 


Rankine cycle proposed by a Committee of the Institu- 


tion of Civil Engineers and adopted in 1898, expressly 
mentions superheating. This definition has recently 
been modified to suit modern requirements by the Heat 
Engines Trials Committee (1927 Report), and superheat 
is again included in the standard Rankine cycle; but 
“ bleeding,” for regenerative feed-heating, and re- 
heating are afterwards separately treated as modifica- 
tions of the standard cycle. Mr. Dowson seems to 
think that greater mention should have been made of 
the work of Perkins. This subject has, however, as he 
states, been well dealt with by Mr. C. R. King and also 
in a paper by Mr. D. Brownlie on “ Super-Pressure 
Steam Generation,” so that it was not considered neces- 
sary to lengthen the paper unduly by a repetition of 
these facts, particularly when it is remembered that 
the paper was intended primarily to deal with high- 
pressure steam as applied to the steam turbine, a sphere 
in which, of course, Perkins did not experiment. With 
regard to the principle on which the Benson boiler 
operated, Mr. Dowson appears to labour under a mis- 
apprehension. The first sentence to which he refers is 
a general statement of the principle of the boiler. The 
details of operation of the Rugby boiler are given in a 
later paragraph, and it should be noted that it is there 
distinctly stated that before leaving.the main boiler 
coils the steam is “slightly superheated to about 
720° F.” It is then reduced in pressure to 1 500 lb. 
per sq. in. and afterwards superheated to 850° F., but 
a glance at a heat-entropy chart will show that the 
slight ‘superheating of the steam to 720° F. is sufficient 
to keep the steam dry when throttled to 1 500 Ib. per 
sq. in., and it does not contain, as Mr. Dowson states, 
50 per cent water. The reason why the Benson boiler 
at Rugby was not apparently constructed according to 


the most modern ideas is that the boiler was built as 
an experiment to test the principle of steam generation 
at the critical pressure with the minimum cost and 
difficulties. The results of tests on the turbine were 
not published, for the reason that they were made 
entirely for the particular use and information of the 
firms concerned, but it may be stated that both the boiler 
and turbine entirely fulfilled the makers’ expectations. 
With regard to the greater diameter of the first stage 
of the machine illustrated in Fig. 20, this was adopted 
in order to facilitate the design of the steam inlet belt 
and casing in view of the small dimensions of the rotor, 
and for no other reason. With regard to Mr. Dowson’s 
remarks on the subject of solid disc construction, he 
appears to miss the whole point of the design, and it 
must be pointed out to him that, except in very excep- 
tional cases, the dimensions of a turbine shaft, whether 
with separate or solid discs, are determined by the 
critical speed selected, and not for any other reason. It 
is obvious that if the discs themselves form a portion of 
the shaft, then the diameters at the glands must of 
necessity be smaller than for a shaft with separate discs, 
for a given predetermined critical speed. The rather 
sweeping statements made with regard to such a design 
are possibly Mr. Dowson's opinion only, as the solid- 
rotor construction is being adopted by many of the 
more important turbine makers, and, we believe, has 
also been adopted by his own company in certain cases. 

Mr. Jackson's remarks relate almost entirely to con- 
siderations of cost, and the figures given by him are noted 
with considerable interest. 1t should be pointed out, 
however, that so many considerations and circumstances 
are involved in the economic side of power-station work 
that it is not advisable to make general statements on 
the subject. 

Mr. Pask also raises the same question of costs and he 
points out, as we did at the Newcastle meeting, that 
this is a matter to be separately considered for each 
individual case. It was for this reason, as mentioned 
in the paper, that the whole subject of costs was avoided. 

Turning now to the Manchester discussion and Mr. 
Baumann's criticism as to the absence of calcula- 
tions showing “‘ step by step ” how the curves have been 
obtained, we assumed that at least a number of those 
who would read the paper would be conversant with 
such methods, and those who were not would be able 
to obtain the information from other papers or any well- 
known work on thermo-dynamics. Further, by leaving 
out these elementary calculations, the paper was made 
more concise and therefore more useful. As we stated 
at Manchester, the effect of wetness in the steam on the 
turbine efficiency is well known and has been appreciated 
from the early days of steam-turbine design. Some 
years before Mr. Baumann's paper, to which he refers, 
was written, tests were carried out by Sir Charles 
Parsons and others, the results of which indicated that 
the gain following from the employment of superheat 
was greater than that due to the corresponding increase 
in the available adiabatic heat-drop. It did not require 
much thought to appreciate that the difference was due 
to the influence of wetness. In addition to this, we 
carried out a number of tests some years ago on the 
application of superheat to exhaust-steam turbines and 
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the results were a further confirmation of this fact. 
The curves in Fig. 5 showing the falling off of efficiency 
with increased pressure were carefully calculated, and 
we do not agree with Mr. Baumann that this decrease 
is less than would be required merely on account of 
increased wetness. With regard to steam reheating, 
the other method referred to was well known to us but 
was not considered to be of sufficient importance and 
interest to be included in the paper. As regards the 
efficiency obtained on the turbine built by the English 
Electric Co. to work with steam generated in the Benson 
boiler at Rugby, we would remind Mr. Baumann that 
he should not place too much reliance on rumours, as 
these are often made without intimate knowledge of the 
facts, and we would assure him that in this particular 
case the efficiency obtained was very considerably higher 
than he has been led to believe. It is interesting to 
note that the gland proposed by him, although not 
entirely original, as it bears likeness to the Ljungstróm 
and other types of glands, has fully met his expectations. 
It is generally agreed that the cost of the turbine for 
working with high pressures forms only a small part of 
the total cost and that turbines can be and have been 
successfully built by many manufacturers, as will be 
seen from data given in this paper. 

In reply to Mr. Guy, the values of the constant, 
B.Th.U, per kWh, adopted by various authorities, 
whilst of academic interest, do not in our opinion concern 
the subject of the paper and—should he wish to use 
other constants than 3420—can in no way affect the 
main issue. On the subject of the gains to be derived 
from the use of higher pressures, there seems to be at 
least a certain agreement between Mr. Guy’s and our 
estimates, as shown in his Fig. L. We, however, fail to 
see what useful purpose is served by introducing state- 
ments made by other persons not present at the dis- 
cussion. It seems hardly fair to make the comparison 
of the two stations Langerbrugge and Stalybridge as 
Mr. Guy has done, and, by inference, to discredit the 
employment of higher steam pressures. Ifa correct idea 
of the gains arising from the use of higher pressures. is to 
be obtained, it is surely not enough in this case to 
compare the heat consumptions of the two stations. A 
far better conception of the state of affairs would be 
obtained by a comparison of the heat consumption of 
the Langerbrugge station with and without the high- 
pressure plant in operation. From the published results 
for the 10th, llth, 12th, 14th and 15th May, 1926, it 
appears that of an average daily output of about 
160 000 kWh about 38-7 per cent was obtained from 
combined high-pressure and low-pressure plant. The 
remaining 61:3 per cent was generated entirely from 
low-pressure plant. The latter was produced with a 
heat consumption of 23 330 B.Th.U. per kWh, whilst 
the mean consumption of the whole station for the 
period was 20300 B.Th.U. per kWh. Thus an 
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improvement of no less than 13 per cent was obtained 
as a result of generating a little over one-third of the 
total output from the high-pressure and low-pressure 
plant. Part of this gain is probably due to the fact 
that the low-pressure is not so efficient as the high- 
pressure plant, but at any rate these figures show that 
the adoption of higher-pressure conditions has, in this 
station, brought about a considerable improvement. 

As Mr. Kidd remarks, the method of reheating by 
live boiler steam would seem to be a considerably simpler 
proposition than returning the steam to a special boiler. 
It has only recently come into prominence in power- 
station work and there are consequently only a few 
plants in which it is being applied. As mentioned in 
the paper, one of these is the fifth set at Crawford 
Avenue. In this instance the turbine steam is extracted 
at about 50 lb. per sq. in. (abs.) and passed into a 
cylinder where it is heated by steam taken from the 
main turbine-supply piping. The maximum reheat 
temperature is, naturally, practically the saturation 
temperature of the live steam, allowing for the effect 
of the initial superheat. In this case, therefore, the 
reheat temperature is about 480° F. A section of this 
heater was published in the issue of Power dated 
23rd August, 1927. One other instance of which details 
are available is, as Mr. Baumann stated, the new station 
at Mannheim. Here the boiler steam-conditions .are 
1 400 lb. per sq. in. at 860° F. The steam is utilized 
in primary back-pressure turbines and, before passing 
into existing normal-pressure sets, is first heated up to 
about 580° F. by the condensation of a small quantity 
of high-pressure steam, and then still further to about 
660° F. by passing through a surface heater in contact 
with the main high-pressure steam supply on its way to 
the primary turbines. This, of course, causes a reduc- 
tion in the initial steam temperature at the turbine. 

Mr. Millington appears to be labouring under a mis- 
apprehension on the subject of feed-water heating. It 
is difficult to see how the improvement due to its 
introduction could possibly appear in one of the efficiency 
factors in Table 1. The point is that under these 
circumstances the turbine cycle is no longer the Rankine 
cycle as ordinarily understood, and in a perfect plant 
with no losses the thermal efficiency with perfect feed- 
heating would, for any conditions, exceed that obtainable 
from Fig. 1. In other words, the regenerative feed- 
heating cycle is certainly an improvement on the 
ordinary turbine cycle. 

In reply to Mr. Mills, the Gennevilliers station was 
not included because the lower limit of pressure decided 
on for the purpose of the paper was 450 lb. per sq. in. 
His remarks on pipe joints for high-pressure working 
have been noted with considerable interest. 

The authors also wish to thank Mr. Stromeyer for his 
instructive discussion of boiler problems arising from the 
use of high pressures. 
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PROCEEDINGS OF THE INSTITUTION. 


762ND ORDINARY MEETING, 17tH NOVEMBER, 1927. 


Lt.-Col. K. Edgcumbe, R.E.(T.A.), Vice-President, 
took the chair at 6 p.m. 

The minutes of the Ordinary Meeting held on the 
3rd November, 1927, were taken as read and were 
confirmed and signed. 

A list of candidates for election and transfer approved 
by the Council for ballot was taken as read and was 
ordered to be suspended in the Hall. 


A paper by Mr. B. S. Cohen entitled “ Apparatus 
Standards of Telephonic Transmission, and the Tech- 
nique of Testing Microphones and Receivers” (see 
page 165), was read and discussed. = 

On the motion of the Chairman a vote of thanks to 
the author was carried with acclamation, and the 
meeting terminated at 8 p.m. 


763RD ORDINARY MEETING, Ist DECEMBER, 1927. 


Mr. Archibald Page, President, took the chair at 
6 p.m. 

- The minutes of the Ordinary Meeting held on the 
17th November, 1927, were taken as read and were 
confirmed and signed. 

Mr. A. A. Campbell Swinton: As the Chairman of 
the Fleming Portrait Committee, I have been asked to 
explain that the portrait of Dr. Fleming before us 
was given to him last night by the Committee. It is 
a copy of a portrait by Sir William Orpen, which was 
presented yesterday to University College. The original 
was exhibited in the Academy at the last Exhibition, 
and this copy is a facsimile. 

Dr. J. A. Fleming : I have a request to make of the 
Institution which I hope none will consider savours of 
presumption or conceit. It is to ask the Institution to 
accept this copy of my portrait by Sir William Orpen. 
The portrait was, in the first place, given to me as a 
birthday present and as a parting gift from the College 
on my retirement from the chair of Electrical Engi- 
neering, but as I possess in myself the original and can 
see it with a certain inversion of left to right in any 
mirror, I felt that it was not necessary for me to keep 
the copy and I thought that, having been a member 
of this Institution for forty-five years, a past Vice- 
President, and a Member of Council for many years, I 
might venture to offer it to the Institution for inclusion 
in its collection of portraits of past officials and members. 
I have, therefore, very great pleasure in so offering 
this copy of the original to the Institution, who, I hope, 
will do me the honour of accepting it. 

The President: It is a matter of the greatest 
gratification to me that, during my year of office as 
President, the Institution's collection of portraits 
should be enriched by the picture which the generosity 


of the Fleming Portrait Fund and of Dr. Fleming him- 
self has made available to us to-night. I think that 
members will agree that we are very fortunate in having 
this example of the skill of Sir William Orpen, who has 
quite clearly succeeded in capturing and in placing on 
canvas something of the spirit and personality of 
Professor Fleming, which, in a portrait, means so 
much. Quite recently I had the opportunity of hearing 
Sir Alfred Mond give expression to the opinion that all 
research workers ought to be regarded in a large sense 
as artists. It is pleasant for some of us to-night to 
dwell on the corollary that the greater the research 
worker the greater the artist. We all know of Dr. 
Fleming’s wonderful work in that particular field, and 
in how great a measure he has displayed those qualities 
of application, vision, imagination and concentration 
which together go to the make-up of that elusive 
characteristic—genius. Personally, however, 1 think 
that his greatest claim to fame is as an inspirer of the 
young. Many electrical engineers who have been 
instructed by Dr. Fleming are now eminent men. 
Whilst, then, we honour Dr. Fleming for his work in > 
the field of wireless application and communication, I 
think that on this occasion, with his permission, we 
should prefer to remember him primarily as a teacher. 
It is with great pleasure that I accept this portrait, on 
behalf of the Institution, and I thank Dr. iaa very 
much indeed for his generous gift. 

A paper by Mr. R. Borlase Matthews, Member, 
entitled ‘‘ Electric Ploughing,” was then read and dis- 
cussed. The paper was illustrated DY APER AIORA 
films. 

On the motion of the President a vote of thanks to 
the author was carried with acclamation, and the 
meeting terminated at 8.20 p.m. 
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764TH ORDINARY MEETING, 15TH DECEMBER, 1927. 


Captain J. M. Donaldson, M.C., Vice-President, 
took the chair at 6 p.m. 

The minutes of the Ordinary Meeting held on the 
Ist December, 1927, were taken as read and were 
confirmed and signed. 

A list of candidates for election and transfer, approved 
by the Council for ballot, was taken as read and was 
ordered to be suspended in the Hall. 

A list of donations to the Benevolent Fund (see 


page 87) was taken as read, and the thanks of the 
meeting were accorded to the donors. 

A paper by Mr. D. B. Hoseason, Associate Member, 
entitled ‘‘ Squirrel-Cage Induction Motors,” was read 
and discussed. 

On the motion of the Chairman a vote of thanks to 
the author was carried with acclamation, and the 
meeting terminated at 8 p.m. 


| 765TH ORDINARY MEETING, 5TH JANUARY, 1928. 
Mr. Archibald Page, President, took the chair at ! page 162) was taken as read, and the thanks of the 


6 p.m, 

The minutes of the Ordinary Meeting held on the 
15th December, 1927, were taken as read and were. 
confirmed and signed. 

A list of candidates for election and transfer, approved 
by the Council for ballot, was taken as read and was 
ordered to be suspended in the Hall. 

A list of donations to the Benevolent Fund (see 


meeting were accorded to the donors. 
A paper by Mr. E. C. McKinnon, Member, entitled 
“ Storage Batteries in relation to Modern Supply of 
Electric Lighting and Power,” was read and discussed. 
On the motion of the President a vote of thanks to 
the author was carried with acclamation, and the meeting 
terminated at 8.15 p.m. 


INSTITUTION NOTES. 


Associate Membership Examination. 


The next Examination will be held on the 23rd, 24th 
and 25th May, 1928. Candidates must be either Students 
or Graduates of the Institution or have lodged with the 
Secretary a duly completed form “ E ” for election as 
Associate Member. Entry forms for the Examination, 
which must be completed and returned by the 1st April, 
and particulars regarding election to membership of the 
Institution, may be had on application to the Secretary. 


Associate Membership Examination Results : 
October, 1927. 


SUPPLEMENTARY LIsT.* 


Passed.} 


Blake, L. R. (New Zealand). 

Davar, L. S. (India). 

Dwyer, C. H. (South Africa), 

Giles, P. A. (South Africa). 

Johns, L. S. (New Zealand). 

Langridge, W. L. (New Zealand). 

Metcalf, B. L. (Japan). 

e See page 1 . 

t ma This list als includes candidates who are exempt from, or who have 


previousl 7 paea a part of the Examination and have now passed in the 
Pemaining su bjects 


Passed Part I only. 
Hanlon, F. A. (South Africa). 
Richardson, W. E. (South Africa). 
Welch, J. W. F. (New Zealand). 


Passed Part II only. 
Sirajuddin, A, W. (India). 


National Certificates and Diplomas in Electrical 
Engineering. 
The following institutions have been approved under 
the scheme drawn up by the Board of Education and the 
Institution :— 


Approved for Ordinary Grade Certificates (Sentor Part-time 
Course). 
Battersea Polytechnic. 
Northampton Technical College. 
Chesterfield Technical College. 


Approved for Higher Grade Certificates (Advanced Part- 
time Course). 
Battersea Polytechnic. 
Chesterfield Technical College. 
Sunderland Technical College. 


Approved for Higher Grade Diplomas (Advanced Full-time 
Course). 
Battersea Polytechnic. 
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Proceedings of the Wireless Section. 


66TH MEETING OF THE WIRELESS SECTION, 4TH JANUARY, 
1928. 


Lieut.-Col. A. G. Lee, O.B.E., M.C., B.Sc., Chairman 
of the Section, took the chair at 6 p.m. 

The minutes of the meeting of the Wireless Section 
held on the 7th December, 1927, were taken as read and 
were confirmed and signed. 

The following three papers were read and discussed : 


Authors. Titles of Papers. 


T. H. GiLL and N. F. S. “ Rotating-Loop Radio 
HecHtT, Member Transmitters, and their 
Application to Direc- 


tion-Finding and Navi- 


gation ” (see page 241). 

R. L. SmirH-Rose, Ph.D., ‘‘Some Experiments on 
D.Sc., and S. R. CHAP- the Application of the 
MAN, M.Sc., Associate Rotating-Beacon Trans- 
Members mitter to Marine Navi- 
gation ” (see page 256). 

R. L. Smitu-Rosz, Ph.D., “A Theoretical Discussion 
D.Sc., Associate Member of Various Possible 
Aerial Arrangements for 

Rotating-Beacon Trans- 

mitters ” (see page 270). 


On the motion of the Chairman a vote of thanks to 
the authors was carried with acclamation, and the 
meeting terminated at 7.50 p.m. 


67TH MEETING OF THE WIRELESS SECTION, 1ST FEBRUARY, 
1928. 


Lieut.-Col. A. G. Lee, O.B.E., M.C., B.Sc., Chairman 
of the Section, took the chair at 6 p.m. 

The minutes of the meeting of the Wireless Section 
held on the 4th January, 1928, were taken as read and 
were confirmed and signed. 

A paper by Captain P. P. Eckersley, Member, entitled 
“ The Design and Distribution of Wireless Broadcasting 
Stations for a National Service,” was read and discussed. 

On the motion of the Chairman a vote of thanks to the 
author was carried with acclamation, and the meeting 
terminated at 8 p.m. 


The Benevolent Fund. 


The following is a list of the Donations and Annual 
Subscriptions received during the period 1 January— 
25 February, 1928:— 
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Abbott, R. S. (London) 
Abraham, F. H. (Bradford) 
Adams, C. (London)... 
Adnams, J. (Derby) 
Aikman, A. N. (Harrow) ses 
Aitken, I. M. E. (Manchester) 
Aitken, T. A. (Edinburgh) 
Aitken, W. (London) . 
Alabaster, E. O. (Hong-Kong) 
Alabaster, H. (Weybridge) .. 
* Annual Subscriptions. 
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Alcock, A. U. (London) 

Alder, C. D. (St. Helens) 
Aldridge, D. W. (Prescot) 
Aldridge, T. H. U. (Shanghai) 
Allan, A. A. (Stockton-on-Tees) 
Allan, J. T. (Birmingham)... 
Allan, P. F. (N li (a 
Allen, A. H. (London) 

Allen, R. G. (Dublin) . 


_ Allen, R.G. (Manchester) 


Allen, S. T. ys olverhampton) 
Allingham, G. C. (Loughton) . 
Allinson, H. J. (Jamalpur, Indi 
Allom, G. F. (London) ; 
Ambrose, E. (London). . 

Amis, F. H. (Wallington) 

Amos, W. J. (London) : 
Anderson, A. M. (Birmingham) 
Anderson, C. (Manchester) .. 
Anderson, E. A. (Middlesbrough) 
Anderson, E. W. (Bristol) 
Anderson, H. M. (Glasgow) 
Anderson, J. (Birmingham) 
Anderson, W. Y. (Birmingham) 
Andrews, A. E. D. (Wallington) 


Andrews, T. S. (Hebburn-on-Tyne) .. 


Angold, A. E. eee, ba 
Anonymous de 
Anonymous 

Anonymous 

Anonymous 

Anonymous... 

Archer, G. (Dublin) 

Archer, L. J. (Dublin) .. ; 
Ardis, R. (Holywood, Co. Down) 
Ariger, J. (London) 

Arnold, A. H. M. (Teddington) 
Arnold, C. L. (London) 

Arnold, K. N. (Allahabad) 
Arthur, J. W. (Reading) 
Ashton, W. T. (London) 

Atkins, W. T. J. (London) 
Atkinson, F. (Burnley) 
Atkinson, H. H. (Epsom) 


Atkinson, J. P. (Barrow-in-Furness).. 


Atkinson, Ll. B. (London) 
Attlee, J. S. (London) 
Aust, O. L. G. (London) 
Austin, G. (Glasgow) . 
Austin, H. S. E. (Norwich) 
Aylott, H. J. (Ilford) .. 
Bache, W. J. (Cheltenham) 


Bacon, A. W. (Newcastle-dn-Tyne) .. 


Badger, W. J. (Leicester) 
Badham, L. H. L. (Rugby) .. 
Bagshawe, A. S. L. (Manchester) 
Bahna, G. Y. (Cairo) 

Bailey, W. J. (London) P 
Baily, F. G. (Juniper Green) .. 
Baines, T. H. (Southsea) 
Bainton, L. H. (Burgos, Spain) 


* Annual Subscriptions. 
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Baird, R. W. (Belfast) .. 

Baker, A. E. (Paignton) 

Baker, C. J. (London) . 

Baker, E. J. (Devonport) 

Baker, G. H. (London) 

Baker, P. M. (London) 

Balchin, G. (London) .. 

Baldwin, F. J. R. (Dudley) .. 

Baldwin, L. L. (Ahmedabad) .. 

Baldwin, S. (Cheltenham) | 

Ball, R. D. (Stafford) .. 

Ballantine, J. R. (Dundee) 

Ballard, W. E. (Manchester) .. 

Balmford, E. (Leamington Spa) 

Bamber, L. J. (Horwich). .. 

Bamford, P. E. (Birmingham) 

Banks, J. (Morecambe) rá 

_ Banner, E. H. W. (London) .. 
Bannister, H. (Leeds) .. 

Barker, F. A. (London) . 

Barlow, E. (London) .. 

Barnard, A. G. S. (Liverpool) 

Barnard, F. G. (Cardiff) : Bud 

Barnes, A. S. (Farnborough, Kent) a 

Barnes, E. J. (London) 

Barnett, R. H. (Birmingham) 

Barnett, W. A. (W. Bromwich) 

Barrar, S. J. (Dorking) 

Barrow, L. L. (Maghull) 

Barry, W. C. (London) 

Bartho, F. T. (Harrogate) . 

Bartholomew, S. C. (London) 

Bartlam, R. A. (Birmingham) 

Bartlett, A. T. (Birmingham) : 

Bartlett, H. E. (Coventry) 

Bartlett, H. V. (London) 

Bassett, S. W. (Cambridge) . 

Bassil, R. W. (Wembley Park) : 

Bastable, H. A. (Reading) .. 

Battle, G. R. (Neweastle-on-Tyne) - 

Batty, B. (Stafford) 

Batty, H. (Barbados) 

Bax, H. E. I. (London) 

Baxendale, T. (Manchester) 

Baxter, E. H. (West Croydon) 

Baxter, H. W. (London) . .. Pr 

Baxter, W. (Hollinwood) : 

Baxter, W. M. (London) . 

Bayley, B. C. (Rugby) 

Bayley, G. G. (Ipoh, F.M. S.) . 

Bayspoole, R. F. H. (Glasgow) 

Bayton, J. H, (Eastbourne) 

Beak, A. L. (London) .. 

Beale, H. A. A. (Bedford) 

Beales, M. (London) 

Bean, J. S. (Crewe) 

Bean, L. C. (London) . 

_Beancroft, H. P. (Sutton-in-Ashfield) 

Beaney, C. E. (London) i 

Beard, A. T. J. (London) 

Beard, J. R. (London).. 


* Annual Subscriptions. 
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Beaumont, A. W. (Merthyr) .. 
Beavis, E. A. (London) 

Bedford, J. R. (London) 

Bedford, J. T. (Horley) 

Bedford, R. (Leicester) ee 
Bedingfield, W. K. (Birmingham) 
Beebee, A. T. S. (Ilford) 

Beeton, S. (Weybridge) 

Bell, H. G. (Manchester) yý 
Bellamy-Law, J. W. (Stockport) 
Benham, C. M. (New Malden) 
Benham, E. E. (London) oe 
Bennett, A. E. (Selangor, F.M.S.) 
Bennett, A. E. C. (London) 

Bennett, C. (Rochdale) 

Bennett, C. H. (Leeds) nc. set 
Bennett, W. C. (London) dar Be 
Bentley, E. (Bradford) ; 
Berryman, B. H. J. (Newport, Mon.) 
Berthon, J. H. P. (Cardif) .. A 
Beynon, J. H. (Middleton, U.S.A.) 
Bhandari, R. C. (Manchester) ae 
Bharucha, H. N. (Loughborough) .. 
Billington, J. D. (London) ae 
Binks, N. (Bradford) . 

Binns, J. W. (London) 

Bird, D. E. (Cambridge) 

Bird, W. (St. Albans) .. 

Birtwell, J. T. (Manchester) . 

Bishop, D. H. (Dundee) 

Bissell, F. E. G. (Ilkley) 

Black, R. H. (London) ; 
Blackburn, G. R. (Manchester) 
Blackhall, F. W. (Ipswich) 
Blackman, A. S. (Sunderland) 


Blackman, R. A. (Northwood, Middlesex) . 


Blades, H. (Birmingham) 
Blades, R. W. (Prescot) 
Blaikie, J. R. (Bedford) 
Blake, E. C. (Coulsdon) 
Blake, G. G. (Richmond) 


Bland, R. W. H. M. (Carnmoney, Co, Antrim) 


Blaquiere, H. A. (Leeds) 
Blazey, N. C. (Rangoon) 
Blennerhassett, R. E. P. (London) . 
Bloome, J. (London) 
Blumlein, A. D. (London) 
Boddington, F. S. (Southport) 
Bolton, E. S. (Leeds) .. 
Bond, E. H. (Dover) 
Bonsey, T. H. Y. (Kinlochleven) 
Booker, W. M. (London) 
Booth, W. L. (Manchester) 
Boraston, C. A. (Whyteleafe) . 
Bound, A. F. (London) 
Bown, F. J. (Hebburn-on-Tyne) 
Boyce, J. (Morecambe) ser. .. 
Boys, G. V. (Andover) TEF 
Braby, I. (Ross-on-Wye) i dg 
Braddell, H. N. (Beckenham) 
Bradford, G. (Liverpool) , 

* Annual Subscriptions. 
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cna PP aa 


£ s 
Braid, K. E. P. (London) > via 8 
Bramwell, E. B. (Sheffield) .. T ake 2 
Bramwell, H. P. (Bradford) wie ks 0 
Brandon, G. D. (Paris) ey Kay as 15 
Brazier, C. C. H. (Northfleet).. ae ms 10 
Brazier, C. J. H. (Castle Eden) ` .. sa 5 
Breach, L. (Liverpool). . ble i $e 10 
Brewin, J. E. (Loughborough) ji s 2 
Briant, F. G. (Helsby). . ee sá T 10 
Bridges, H. (N e e A aan 2 
Briggs, C. S. (London).. ‘ gx es 3 
Briggs, E. E. (London) + aa ee 10 
Broadfoot, S. K, (Liverpool) .. or ae | 
Brockwell, R. W. (Manchester) 
Brodie, J. (Greenock) .. ga 
Brodie, W. (Guernsey)... 
Bromley, J. A. (York).. 
Brooke, H. A. (Maldon) pi one 
Brookes, R. C. (Liverpool) .. NE .. 1 
Brooks, J. (Rotherham) a 
Brotherton, C. C. (Sheffield) .. 
Brotherton, F. (Wolverhampton) 
Brough, L. G. (Newcastle-on-Tyne) .. 
Brousson, R. P. (London) .. or << 2 
Brown, A. (Lyme Regis) 
Brown, A. C. (London) 
Brown, C. N. (Ipswich) 
Brown, E. (Blackburn) a = sta 
Brown, J. H. (Paisley) fy. ind 
Brown, R. H. C. (Stockton-on-Tees). ; 
Brown, S. G. (London) T ; .. 5 
Brown, T. A. (Glasgow) 
Brown, V. A. (Manchester) 
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Brown, W. (Hong-Kong) 15 0* 
Brown, W. (Leeds) ; se si 10 6* 
Brown, W. (Morecambe). má oe T 5 0 
Brown, W. B. (Cheam) ; T .. 1 0 0* 
Browne, A. W. (Manchester) . di es 15 0 
Browne, B. F. (Santos, Brazil) “ts ce oh 0+ 

p? 


Browne, O. H. (Hyderabad) .. T oe | 
Browne, P. A. (Manchester) .. 

Browne, W. F. (Norwich) ie we 
Brownjohn, W. H. (London) .. is T. 


O A AAA ane aca 
© 


Bruce, A. S. (Manchester) .. 0* 
Bruce, The Hon. J. B. (Portsmouth) 1 0 
Brumwell, W. (Parkstone) 6* 
Bryan, G. B. (London) 10 0* 
Bryden, J. E. Z. (London) 5 0* 
Buchanan, H. (Bristol) 15 0 
Buckingham, D. (Watford) 2 6 
Buckley, J. S. (Santiago, Chile) 5 0* 
Buckman, H. L. (Weybridge) : 5 0* 
Budgett, F. La T. (Albany, U.S.A.) . 5 0 
Buist, D. M. (Stockton-on-Tees) 5 0* 
. Bull, G. G. (Birmingham) 2 6* 
Bulley, H. S. (London) 5 0 
Bullman, H. C. (Aberdeen) 10 0 
Bulman, G. R. (Harbour Grace) 5 0 
Bulow, V. A. M. (Bombay) 5 0? 
Bunt, N. B. (Manchester) 2 6* 
Burbridge, W. C. (Birmingham) 5 0* 


* Annual Subscriptions. 


Sr» c0o000o00o0., 


Burchell, J. G. (Edinburgh) 
Burdes, L. (Manchester) 
Burford, G. G. (London) 
Burgess, A. B. (Glasgow) 
Burgess, A. F. (London) 
Burgum, W. T. (Rio de Janeiro) 
Burkitt, J. K. (Liverpool) 
Burnand, W. E. (Sheffield) . 
Burnett, H. R. A 
Burns, J. (Coventry) 

Burns, S. (Newcastle-on-Tyne) 
Burr, D. W. (Thornton Heath) 
Burrows, G. B. (Manchester) . . 
Burrows, H. F. (Surbiton) 
Burton, C. R. (London) 
Burton, W. (West Hagley) 


Bury, W. E. L. (Kingston-on-Thame 


Bush, A. J: (London) . 
Bush, G. R. S. (Guernsey) 
Bush, H. (Buxted) 

Bush, V. F. (Redditch) 
Bushell, H. J. (London)' 
Butler, A. S. (Belvedere) 
Butler, J. H. (Bilston). . 


Buttenshaw, H. F. Oya N. S w) 


Byng, E. S. (London) . 
Byrne, P. (Dublin) 
64 C. 9 ,> 


Caine, L. E. (Limuru, Kenya Colony) 


Caldecott, W. D. (Sunderland) 
Calver, F. N. (Hull) .. 
Calver, R. F. £ (Pembroke Dock) 
Cameron, H. G. (Enfield) 
Camozzi, P. J. (Aden) 
Campbell, A. (Cambridge) 
Campbell, A. E. (Birmingham) 
Cannon, H. S. (London) 
Cansdale, J. H. (Rugby) 
Capper, E. J. (Sheffield) 
Capper, J. F. (Salford) 

Carden, E. D. (London) 
Cardrey, A. G. (London) sf 
Cargill, J. J. (Bonnybridge, N.B.) 
Carr, J. L. (Manchester) 

Carr, W. B. H. (London) 
Carrick, J. H. (Leeds) . P 
Carson, W. N. (Bangor, Co. Down) . 
Carter, A. E 

Carter, A. F. (Leeds) 

Carter, E. (Liscard) 5$ 
Carter, J. W. (Birmingham) .. 
Carter, W. J. (Loughborough) 
Cartman, C. N. J. (London) .. 
Cartmell, C. (Preston) .. 

Cash, H. H. (Bradford) : 
Castello-Sosa, A. (Mexico City) 
Catling, A. B. (Eccles, Lancs.) 
Catton, H. W. (Swindon) 

Cave, P. W. (Liverpool) 

Cavill, R. (London) .. si 
Chadwick, A. (Birmingham) .. 


* Annual Subscriptions. 
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£ .s. d. l £ s. d. 
Chadwick, L. M. (Kinlochleven) 8 6 Cole, F. G. (Purley) . T 10 0 
Chadwick, S. (Bury) 10 0 Cole, F. J. (London) .. ; 3 6* 
Chambers, J. L. (Glasgow) 5 0 Colebrook, H. F. (Guildford) . 10 6 
Chamen, W. A. (Pontypridd) 1 1 0 Collecott, F. R. (London) : .3 6 
Channon, D. W. H. (Bedford) 2 6 Collett, W. A. (Birmingham) .. a 2 6 
Channon, H. C. (London) 10 0* | Colley, L. J. St. J. (London) .. ss 5 0* 
Chanter, A. J. (London) 5 0 Collie, A. A. (London) .. eS s 5 0 
Chaplin, W. R. (Paris) 10 0* | Collier, J. T. (Leicester) se 2 6 
Chapman, G. T. (London) 3 6 Collinson, P. L. (Chesterfield). . 5 0 
Charles, E. K. (Stockton-on-Tees) 7 6* | Collyer, J. E. E. (Coventry) .. 5 0* 
Charles, G. R. S. (Chenies) 8 6 Colquhoun, J. (Portsmouth) . 5 0* 
Chartres, C. B. (Calcutta) 10 6* | Colquhoun, J. B. (Glasgow) 2 6 
Chattock, A. P. (Bristol) 2 0 0* | Combe, L. H. (Dormans Park) 1 0 
Chattock, R. A. (Birmingham) 1 1 0* | Constable, A. D. (Oxted) 0 0* 
Chaytor, A. R. (Chesterfield) .. 12 6 Conway, J. (Dundee) . 5 0 
Cheeseman, A. H. (Purley) 1 0 O* | Cooch, H. (Farnborough, Hants) 5 0* 
Cheetham, G. A. (Manchester) 10 0* | Cook, E. (Wallasey) .. ' 5 0* 
Chew, F. N. (Thornton Heath) 2 6 Cook, N. J. (Wednesbury) 5 0* 
Chisholm, A. D. (London) 5 0 Cook, W. W. (Rusper).. 1 0 
Chisholm, G. G. (Glasgow) 10 0 Cooke, W. C. (London) i 10 0 
Christian, D. A. (London) 5 0 Cooper, A. (Burton-on-Trent). . 50 
Christianson, T. C. (Timperley) 1 1 0 Cooper, E. R. (London) 8 6 
Christie, J. C. (Arbroath) 15 0 Cooper, G. W. (Rotherham) .. 10 0* 
Christie, T. G. (Belfast) 5 0 Cooper, J. A. (Birmingham) .. 2 6. 
Christy, L. F. (Chelmsford) 1 1 0 Cooper, W. J. (Hamilton) 15 0* 
Chubb, W. L. (Stoke-on-Trent) 5 0* | Cooper, W. V. (Bolton) : 5 0 
Church, G. H. (Welling) 2 0* | Coote-Cummins, C. P. (Dublin) 5 0 
Church, H. (Chelmsford) 5 0* | Cornish, J. T. (Woking) 1 0 
Clack, C. W. (London) 15 0 | Coursey, P. R. (Richmond) 10 
Clark, E. F. (Derby) 5 0* | Cousins, A. B. (Merthyr Tydfil) 5 0 
Clark, E. F. (Derby) .. 2 6 Coventon, G. L. (Chepstow) .. 5 0 
Clark, L. J. (Rugby) 5 0* | Cowen, A. B. (Calcutta) 5 0 
Clarke, A. S. (London) 2 6 Cowling, G. (London) 5 0 
Clarke, C. E. (Bromley) 2 6 Cox, C. H. F. (London) 10 0 
Clarke, G. B. (Holyhead) 5 0 Cox, F. G. (Leicester) .. 10 6 
Clarke, G. G. (Netherfield) 8 6 Cox, L. C. (Coventry) . 5 0* 
Clarke, H. (Uxbridge) .. 5 0% | Cox, W. R. (Birmingham) s 5 O0* 
Clarke, H. R. (Leeds) . 2 6 m eck The Rt. Hon. Lord (St. Helens) 2 2 0* 
Clatworthy, W. A. (London) . 5 0 Craig, D. (Birmingham) ia 2 6 
Clay, C. B. (Bromley) . 2 2 0 Cramer, D. H. (London) 5 0* 
Clay, R. A. (Birmingham) sí 10 0 Craven, J. G. (Leeds) .. 5 0* 
Clayton, B. C. (Ross- are 10 6* | Crawford, C. G. (London) 5 0* 
Clayton, H. (Preston) . 10 6* | Crawter, F. W. (London) 2 0 
Clayton, H. (Wigan) 5 0 Creasy, L. A. (London) 5 0 
Clegg, F. (Manchester) 5 0 Creswick, P. (Glasgow) gx = 10 0 
Clegg, G. D. (Birmingham) 5 0* | Cribbes, R. L. (Edinburgh) .. E 5 0 
Clegg, P. (Bingley) 5 0* | Crisp, J. W. (London) ; : 3 6 
Clements, F. (Sheffield) 10 6* | Croft, E. H. (Birmingham) 10 6* 
Clinker, R. C. (Rugby) 7 6* | Crompton, C. (London) 10 0 
Clinton, W. C. (London) AS 10 6* | Crook, E. H. (Londen) 3 6 
Clothier, H. W. (W allsend-on-Tyne).. 10 6* | Cross, A. F. (Surbiton) 10 0* 
Clough, N. (London) ‘ ; 158 0 Cross, A. S. (Liverpool) 10 0* 
Cluley, G. (Manchester) 5 0 Cross, E. A. G. (Tunbridge Wells) 5 0 
Coad, E. (Sale) . ‘ 5 0 Crowther, J. P. (Rotherham).. 10 6* 
Coates, F. (Sunderland) . 10 6 Crowther, L. H. (Sheffield) 5 0 
Cockburn, J. A. (Lonavia, India) 8 6 Cuffley, W. (London) .. 0 0 
Cocke, K. J. R. (Rugby) ys 2 6 Cullimore, C. A. (Rotherham) _ 5 0 
Cocker, F. (Leyland) .. 2 6 Culpitt, W. G. (Bedford) 3 6 
Cockroft, J. D. (Cambridge) . 5 0 Cunnington, A. (London) 1 0 
Coe, R. T. al 5 0 | Curd, D. A. G. (Plymouth) 5 0* 
Colaco, J. A. (Rugby) . 56.0 Currah, L. E. (Bedford) 5 0 


e Annual Subscriptions. 
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Cuss, A. T. (Welwyn Garden ae 
Dale, A. C. (Croydon) .. : 
Dale, J. F. (London) . 
Dale, S. (Manchester) .. 
Dalgleish, I. S. (Woking) 
Dallas, J. D. (London) 
Dalley, C. (London) .. 
Dallison, R. H. P. (London) . 
Dallow, N. R. (Dumfries) 
Dalston, J. F. F. (Perth) 
Dalton, J. C. J. (London) 
Dalziel, J. (London) eN 
Damant, G. E. (Manchester) .. 
Damp, J. W. (Malta) . 
Dance, H. E. (Birkenhead) 
Dancer, W. (Birmingham) 
Dandy, E. C. (Manchester) 
Daniel, R. R. (London) 
Daniels, F. W. (Stroud) ` 
Dann, T. W. (Birmingham) 
Dannatt, C. (Manchester) 
' Darby, B. (Manchester) 
d'Assis-Fonseca, H. M. M. (London). . 
_ Davey, F. W. (London) en 
David, R. P. (Leeds) 
David, T. (Birmingham) 
Davidson, H. S. (Wolverhampton) 
Davidson, W. F. (Brooklyn, N.Y.) 
Davies, D. R. (Manchester) 
Davies, E. D. J. (Enfield) 
Davies, G. H. (Chesterfield) 
Davies, J. (Manchester) 
Davies, P. G. (London) 
Davies, R. C. (Birkenhead) 
Davies, R. D. (Christchurch) .. 
Davies, W. R. (Pontypridd) .. 
Davis, B. J. M. (London) 
Davis, G. E. (Leicester). 
Davis, P. K. (Blackburn) 
Davis, R. C. (Derby) . 
Davison, i W. (Sunderland) .. 
Dean, H. P (Stockton-on-Tees) 
Deane, H. F. E. (London) 
Debley, W. J: F. (Cardiff) 
Debney, C. E. (Manchester) 
Denné, F. E. (Brighton) y 
. Desborough, J. W. H. (Wembley Park) 
Devonshire, Sir James PS 
Dick, A. W. (London) . 
Dick, R. (Glasgow) . 
Dickin, H. C. (Bedford) a 
Dickson, W. L. E. (Barcelona) 
Digby, T. J. (London) .. ; 
Diggle, H. (Sale) : 
Ditmas, J. M. R. (Aspley Guise) 
Dixey, A. N. (Great Missenden) . 
Dixon, C. D. H. (London) 
Dixon, D. H. J. P. (London) .. 
Dixon, E. (Margate) 
Dixon, I. T. (Stafford).. 
Dobeson, R. G. (Calcutta) 


* Annual Subscriptions. 
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Dobie, P. (Chester) 


_ Dobson, J. (Bradford)... 


Dodman, E. J. (Stowmarket). . 
Donkin, B. (London) .. ; 
Donkin, S. B. (London) 

Donnelly, W. (Blackpool) .. 
Doran, W. E. (Addiscombe) .. 
Dordi, P. (London) ... 

Doré, C. U. (Harta Fayal, Azores) 
Dorrell, H. B. (Bury) . 

Dos Ramos, H. L. (Funchal) . 
Douglas, A. (Stoke-on-Trent)... 
Dowse, C. M. (London) 

Dowson, C. H. (Dublin) 
Doxat-Pratt, M. (Enfield) 

Drake, B. M. (London) 
Dransfield, F. (Leicester) 
Dransfield, T. E. (Manchester) 
Drape, S. (Newcastle-on-Tyne) 
Draper, B. (Coventry) T 
Drew, G. E. (Cardiff) . 

Driscoll, L. F. A. (Newport, Mon.) 
Drucquer, L. (London) 
Drummond, B. G. (Felixstowe) 
Drury, G. L. (Darlington) .. 
Drysdale, C. V. (Teddington) .. 
Duckworth, H. (London) 
Duckworth, W. (King’s RA 
Dudley, H. (Leicester). . E 
Duguid, D. R. ene, 

Duke, G. E. (Walsall) . 

Dunbar, L. (Watford) . $ 
Duncan, H. J. (Bangor, Co. Down) ae 
Duncan, W. (Edinburgh) 
Dunn, C. T. (Birmingham) 
Dunphy, T. B. (London) 
Dunsheath, P. (Gravesend) 
Dupree, F. H. (Singapore) 
Dutton, H. (Prescot) 

Dutton, H. N. (Madrid) 
Dykes, A. H. (London) 

Dyson, A. (Manchester) ri 
Dyson, E. V. (Huddersfield) .. 
Easton, G. E. (Sunderland) 
Eastwood, C. (Leeds) .. 
Eastwood, J. W. (Cardiff) 
Eaton, G. H. (London) 

Ebner, P. C. (London). . 
Eccles, W. H. (London) 

Eden, A. C. (Dewsbury) 

Eden, J. A. (London) .. 
Edgcumbe, K. (London) 
Edgeworth, K. E. (Khartoum) ae 
Edmonds, P. L. (Tunbridge Wells) .. 
Edmunds, F. W. (London) 
Edwards, J. H. (Cranham) 
Edwards, L. (Aberdeen) 
Edwards, LI. (Liverpool) 
Edwards, W. G. (London) 
Edwards, W. J. (London) 
Edwin, H. S. (Dundee) 


* Annual Subscriptions. 
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Elliott, N. (London) 

Ellis, C. J. A. (London) 

Ellis, H. S. (Gloucester) 

Elmhirst, R. J. (London) 

Elphick, E. de B. (Madras) .. 
El-Sayed, M. A. (Baden, Switzerland) 
Elsdon, G. H. (London) 

Elson, M. B. (London) ; : 
Elworthy, B. C. T. (Sutton, Surrey) ; 
Emerson, S. J. (Runcorn) : 
England, C. J. (London) 

England, P. C. (Bangalore) 

Erskine, A. (Dunfermline) .. 
Erskine, D. B. (Box, Wilts.) .. 
Escott, A. J. (London) 

Escott, H. (Manchester) me 
Essex, G. W. (Northampton). . 

Euler, L. H. (London) end 
Evans, E. W. (Swansea) 

Evans, G. (Newcastle-on-Tyne) 
Evans, G. H. D. (London) 

Evans, G. J. (Pontypridd) 

Evans, P. (Stafford) 

Evans, S. L. (Birmingham) 

Evans, T. K. (London) 

Everett, R. E. (London) 

Evershed, S. (London) 

Eves, W. i (Birmingham) .. : 
Fagge, A. K. (Farnborough, Hants) . : 
Fahmy, S. (Giza) i ; > 
Fairhurst, H. H. (Darwen) 
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Falmouth, The Rt. Hon. Viscount (London). 2 


Farrell, J. F. E. (Glasgow) 

Faulkner, H. (Rugby) 

Fawssett, E. (Riding Mill) 

Fearnley, B. E. (Barnsley) 

Fearnley, R. A. (Keighley) 

Fedden, S. E. (Sheffield) 

Fennell, W. (Northwich) 2 
Ferguson, J. D. (Manchester). . 
Ferguson, S. (Manchester) 

Ferranti, V. G. S. Z. de (Hollinwood) 
Fewtrell, J. W. (London) En T 
Field, C. E. (Wembley Hill) .. 
Filmer, C. (Altrincham) 

Finlay, A. H. (Holywood, Co. Down) 
Finlayson, H. C. (London) 
Fippard, A. J. (Wallington) 

Fisher, H. (Wigan) 

Fisher, W. D. (Wigan) 

Fitzgerald, A. S. (Schenectady) 
Fitzgerald, P. D. (London) . 
Flanagan, J. (Middlesbrough) 
Fleming, E. G. (London) 

Fleming, J. A. (Sidmouth) 

Fleming, J. G. (London) 

Fleming, W. K. (Greenock) 

- Fletcher, F. H. (London) 

Fletcher, J. R. (Hamilton) P 
Fletcher, J. Y. (London) T ie 
Flight, W. S. (London) 


* Annual Subscriptions. 
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Flint, E. W. (Bromley) 
Florides, M. A. (London) 
Fogarty, L. F. A. (Ruislip) 
Foggo, J. J. (Edinburgh) 

Foley, J. L. (London) . i 
Forrester, J. S. (Weston-super-Mare) 
Fortescue, C. L. (London) : 
Foster, F. W. (Manchester) 
Fowler, C. F. (Leeds) .. 
Fowler, J. (Liverpool) .. 

Fox, H. S. (London) 

Fox, J. T. (London) 

Fox, R. C. (London) 

France, E. (Hyde) 24 
France-Hayhurst, B. W. (Dormansland) 
Francis, M. R. (Bahamas) i 
Francis, T. G. (Bolton) 
Frankling, A. E. (London) ; 
Franks, H. W. (Fleet, Hants). . 
Fraser, A. (Glasgow) l 
Fraser, S. H. (London) 

Fraser, W. (Bearsden). . 
French, A. J. (London) 

French, B. (Kidderminster) 
French, D. C. (Twickenham) .. 
Friendship, C. A. (Runcorn) .. 
Frugtniet, A. V. (London) 
Fuchs, A. (London) 

Fuller, W. H. (Sheffield) 
Gadsby, D. J. (Brighton) 

Gait, F. (Stalybridge) .. 
Gallizia, E. (Birmingham) .. 
Gamlen, R. L. (Hyderabad) .. 
Garcke, E. (Maidenhead) 
Gardiner, J. R. (London) 
Gardiner, R. C. (Epsom) : 
Gardiner, S. M. (Weymouth) .. 
Gardner, A. C. (Grimsby) 
Garrard, C. C. (Sutton Coldfield) 
Garrard, J. A. T. (London) 
Gatehouse, E. A. (London) 
Gatley, W. H. (Todmorden) .. 
Gaughan, M. (Rugby) .. 

Gaze, H. P. (London) .. 

Gear, W. J. (London) .. 

Geary, F. A. (London). . 

Geipel, K. S. (London). . 


‘| General Electric Co., Ltd. 


George, T. A. (Whitley Bay) .. 


| Gerard, A. G. L. (Tan-y-Bwlch) 


Gethin, E. L. (Manchester) 
Ghani, M. A. H. (Richmond) .. 
Ghosh, S. (Calcutta) i 
Gibbons, A. J. (London) 
Gibbs, G. H. P. (Bath) 

Gibson, H. C. (Westerham) 
Gibson, H. J. (North Harrow) 
Gibson, S. (Newcastle-on-Tyne) 
Gifford, R. D. (Birmingham) .. 
Gilbert, G. E. (Chelmsford) 
Gilbert, H. W. (London) 


* Annual Subscriptions. 
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| £ s 
Gilbert, J. E. (Birmingham) .. (ii TEE | 
Gilbert, W. (Ipswich) .. bk da ses 1 
Giles, F. C. (London) .. i yi Ss | 
Giles, H. W. (Canterbury) xe ei 
Gill, F. (London) des pi ban vee ie 


Gill, H. (Dolgarrog) 
Gill, V. W. (London) . 
Gill, W. J. R. (Newcastle-on-Tyne) . 
Gillam, G. H. (Sheffield) ] e ha 
Gillespie, M. McA. (London) .. s3 sa d 
Gillmore, G. (Douglas, 1.0.M.) 
Glass, C. G. (Llanelly) : 
Glover, E. P. (Birmingham) .. 
- Goatley, A. H. (Sidcup) a oa 
Gobie, H. (Liverpool) .. há ss ae | 
Gogan, J. (Glasgow) .. aA 
Golding, H. J. (London) 
Goldstein, S. (London) 
Goldup, T. E. (London) ies ae 
Good, P. (London) .. sl we se d 
Goodwin, F. W. (Waddon) 
Gorham, M. L. (Birmingham).. ‘ be 
Goslin, E. T. (Glasgow) E oe, ok 
Gothard, B. W. (Farnborough, Hants) 
Gough, D. E. (London) : 
Gough, W. E. (Coventry) 
Gourlay, C. A. G. (Rugby) 
Gow, A. G. (Greenock) 
Gowdridge, F. (Rugby) 
Graham, A. RA ee 
Graham, J. S. (Sutton, Co. Dublin) . 
Grant, R. H. (Coventry) mi ee ite 1 
Granville, W. P. (Bournemouth) .. ey | 
Grapes, H. J. (Southampton).. 
Gray, J. G. (Glasgow) .. 
Gray, P. V. (London) .. 
Green, E. (London) .. 
Green, G. E. (St. Helens) 
Green, G. N. (St. Helens) 
Green, H. (Keighley) .. | 
Greenhalgh, F. (Bolton) 
Greenup, L. S. (S. Shields) .. 
Greenwood, E. R. (Sunderland) 
Greer, H. J. (St. Helens) 
Gregory, H. T. (Porthcawl) .. 
Gregory, H. W. (Wembley Park) 
Gregory, R. W. (Hexham) 
Grepe, F. Y. (London) 
Gresswell, F. P. (Bristol) . 
Gridley, Sir Arnold (Chesham) 
Griffith, W. G. (Galway) 
Griffiths, D. W. (Rhondda) 
Griffiths, J. O. (London) 
Griffiths, L. (Coventry) 
Griffiths, W. (Uganda) ; 
Griffiths, W. H. F. (London) . 
Grime, E. (Grays) Si 
Grime, R. E. (West Didsbury) 
Grinstead, L. (London) 
Grinsted, W. H. (Bromley) 
Grose, F. R. (London) ‘ 
* Annual Subscriptions. 
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Grover, C. (Gravesend) 
Grover, D. F. (Sutton, Surrey) 
Groves, W. E. (Birmingham) . 
Groves-Webb, H. J. (London) 
Gubbins, J. B. M. (London) .. 
Gubbins, T. R. (London) 
Guest, H. (London) 
Gummer, C. (London) .. 
Gunn, J. H. (Sydney, N. S W.) 
Gunzberg, N. (London) ; 
Gurney, W. A. J. (Portsmouth) 
Gwyther, C. W. (Buenos Aires) 
Hadrill, H. J. (Wallasey) 
Haesler, C. T. (Santander) 
Hagry, S. A. (Cairo) 
Hague, B. (Glasgow) 
Haigh, H. E. (Nottingham) 
Hainsworth, A. J. (Timperley) 
Haldane, T. G. N. (London) .. 
Hale, R. M. (Cobham) 
Halford, W. C. J. (London) 
Hall, E. (Grimsby) . 
Hall, M. H. (Shrewsbury) 
Hall, P. S. (London) . 
Hall, W. S. H. (Derby) 
Hallett, H. J. (Brighton) 
Halton, E. (Preston) 
Hambleton, C. E. (Barnsley) . 
Hamid, A. (Loughborough) 
Hamilton, C. (Shanghai) 
Hamilton, J. (Birmingham) 
Hamilton, P. (London) ; 
Hamilton, W. J. B. (Glasgow) 
Hancock, E. H. (London) 
ee B. (Portsmouth) 
Hanks, H. (Birmingham) 
Hann, C. S. (London) . 
Hannant, H. W. M. (Manchester) 
Harber, F. O. (Manchester) 
Hardern, H. W. (Manchester) 
Harding, J. R. (Southampton) 
Hardisty, R. W. (Weybridge) 
Hards, L. A. (Carn Brea) 
Hards, R. L. (Calcutta) 
Hardy, A. (Leicester) .. 
Hardy, R. (Lowestoft) 
Harley, L. S. (London) ix = 
Harmer, A. F. (London) ae sie 
Harris, N. E. P. (Tipton) 
Harris, P. (London) .. 
Harrison, G. E. (Manchester) . . 
Harrison, H. H. (Liverpool) . 
Harrison, Haydn T. (Canterbury) 
Harrold, A. W. (Widnes) . 
Hart, C. E. (Glasgow) .. 
Hart, D. A. (London) .. 
Hart, F. de B. (London) 
Hartland, S. (Gillingham) 
Harvey, A. F. S. (Birmingham) 
Harvey, R. J. (London) 
Haslam, W. V. (Chesterfield) .. 

* Annual Subscriptions. 


pal 


E = 


= 


pms 


fund 


pond jua 
oo @ 


jun 


ful 
fmt pmi 
YO AY yO oa'r> rm oa Or” O ca QQ 


i 


fl 


qe 


> a 7 


+ 


* + 


GS 5SHOoOoooOOIDO OSO SOC OoSoo 


+ 


eOoceooooodoooda 
+ * + + 


INSTITUTION NOTES. 


JX) 
09 
mar 


Havekin, T. (Manchester) 
Hawes, F. B. O. (Torquay) .. 
Hawes, J. R. (Rotherham) .. 
Hawkhead, J. C. (Port Said) .. 
Hawkins, C. C. (Kew) .. 
Hawkins, E. (Chichester) 
Hawkins, F. J. (Rugby) 

Hay, A. (Ringwood) 

Hay, A. (Leith).. ‘ 

Hay, J. H. R. (Kidderminster) 
Hay, P. G. (Wallington) 
Haydock, W. J. (Liverpool) .. 
Hayes, P. (Wigan) : ae 
Hazel, H.C. (Liverpool)  .. 
Head, W. J. (Newcastle-on-Tyne) 
Heale, J. E. A. (Gloucester) .. 
Hebblethwaite, A. W. (Halifax) 
Hedley, W. E. (Newcastle-on-Tyne).. 
Helden, A. E. Tynemouth) 
Henderson, J. (Belvedere) 
Henderson, J. A. (London) 
Henderson, V. P. (N ewcastle-on-Tyne) 


Henley's Telegraph Works,Ltd.,Messrs. W. T. 2 


Henn, S. T. (London) . 

Herbert, E. D. A. (Hawkshaw) 
Herd, J. F. (Langley, Bucks).. 
Heslop, J. F. (Barrow-in-Furness) 
Heslop, J. P. (Rio de Janeiro) , 
Hickleton, C. J. (Wallsend-on-Tyne). . 
-Higgins, P. V. (Derby) T ‘ 
Higgs, W. F. (Birmingham) .. 
Higham, J. B. J. (Pontypridd) 
Highfield, W. E. (London) 

Higson, W. (Valparaiso) 

Hilder, W. T. (Aberdare) a 
Hill, A. J. (Angola, Port. West Africa) 
Hill, E. P. renal a 

Hill, E. W. (London) . 

Hill, F. E. (Hale) we 

Hill, G. A. D. (Welwyn Garden City) 
Hill, L. D. (Chelmsford) i 
Hill, N. McL. (Birmingham) .. 
Hill, S. (Stafford) va 

Hill, S. F. (London) 

Hilling, A. G. (London) 

Hillman, R. V. (London) 

Hills, R. (Matlock) .. 

Hinchliffe, D. (Huddersfield) . 
Hinings, F. S. G. (Harrogate). . 
Hippisley, R. J. B. (Bath) 

Hirst, A. W. (Lechlade) 

Hirst, Sir Hugo (London) 

Hiscock, A. G. (Southsea) 

Hoadley, E. E. (Maidstone) 

Hoare, E. (London) .. 

Hoban, H. C. (Gravesend) 

Hobbs, H. H. (Leeds) . 

Hobbs, P. G. (Tunbridge Wells) 
Hobson, R. S. (Loughborough) 
ERA T. R. (Coventry) 
Hodge, R. (Bristol) 


* Annual Subscriptions. | 
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Hodge, T. (Liverpoo)) .. 
Hodges, J. P. (London) 
Hodson, W. (Aberdeen) : 
Hogg, D. B. (Norton-on-Tees) 
Hogg, P. M. (St. Helens) 
Holbrook, H. S. (Rugby) 
Holden, S. H. (Birmingham) . 
Holdsworth, J. E. (Kingston Hin) 
Hole, W. A. (London) 
Holland, W. R. (Rugby) 
Hollander, J. M. (Bombay) 
Hollinghurst, F. (London) .. 
Hollingsworth, E. M. (St. Helens) 
Hollingworth, J. (Beaconsfield) 
Hollins, T. (Wembley)... 
Hollis, L. W. (London) ; 
Hollyer, G. J. (Loughborough) 
Holman, H. (Rajputana, ar 
Holmes, S. (Bristol) 
Holmes, W. T. (London) 
Holttum, W. (Birkenhead) 
Homan, F. T. (Calcutta) 
Home-Morton, A. (London) 
Hood, T. (Bristol) 
Hook, G. H. J. (London) 
Hooper, H. (Birmingham) 
Hooper, S. A. V. (Carlow) 
Hopton, J. H. (Penrith) 
Horn, T. L. (London) .. bs 
Horne, W. F. M. (Braintree) .. 
Horner, J. W. (Manchester) 
Horsfall, W. M. (Birkenhead).. 
Hosgood, N. (Dublin) . 
Hoskins, C. A. (London) 
Houston, G. H. M. (Wick, N. B.) T 
Houstoun, R. H. F. eer ee 
Howard, A. (Enfield) . : ; 
Howard, A. J. (Taunton) 
Howard, F. (N ewcastle-on-Tyne) 
Howard, W. A. F. (London) . 
Howden, P. (Halifax) .. 
Howe, G. W. O. (Glasgow) 
Howell, A. (Newcastle-on-Tyne) si 
Howgrave-Graham, R. P. en ae 
Hoyle, F. C. (London) E pa 
Hudson, J. B. (Leigh, Lanes). 
Hughes, A. A. (N ewcastle-on-Tyne) . 
Hughes, L. E. C. (London) mn 
Hughes, R. L. (London) ¿ 
Hughes, W. H. (Wolverhampton) 
Hulcoop, F. A. (London) rs 
Humphreys, H. F. (Stoke-on-Trent). 
Humphreys, H. V. (London) . 
Hunt, J. A. (London) .. 
Hunt, R. P. (London) .. 
Hunt, T. C. (Broxbourne) 
Hunt, W. S. (London)... 
Hunter, G. (Lincoln) 
Hunter, J. (London) . 
Hunter, J. A. (Dolgarrog) 
Hunter, P. V. (London) de 

* Annual Subscriptions. 
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£ s 
Hunter-Brown, P. (London) .. de TE E | 
Hutton, F. W. (Frodsham) .. ae ks 5 
Illingworth, J. P. (Bradford) . 3 


Incorporated Municipal Electrical Association 10 10 


Ingoldby, T. E. (London) .. on es 15 
Innes, W. (Whitley Bay) Es sà $ 15 
Insull, S. (Chicago) .. Ls pa .. 2 2 
Irving, L. J. (Leeds) .. fa za ai 10 
Isterling, J. (Liverpool) m Sn Le 3 
Jack, J. M. (Hong-Kong) ‘ 5 
Jack, T. (Bolton) e $i as 5 
Jackson, C. G. (Sidcup) Y s “is 5 
Jackson, F. S. (Halifax) E ay 5 
Jackson, Sir Henry (London).. Ss oe 15 
Jackson, H. (Manchester) .. P ae > 
Jackson, H. A. (Derby) = e = 10 | 
Jackson, J. W. (Calcutta) .. De ae 15 
Jackson, W. G. C. (London) .. bx “a 10 
` Jacob, E. S. (Chipstead, Surrey) ae we ob 
Jacoby, H. C. E. asii ei ae 10 
James, D. (London) .. ‘ ii sá 10 


James, D. J. (London) 

James, D. M. (London) 

James, E. G. (Rugby) .. 
James, E. W. (Hounslow) .. 
James, W. H. N. (Bradford) .. 
James, W. L. (Cardiff).. : 
Jamieson, W. E. (Broughty Ferry) - 
Jarratt, A. (Swansea) . 

Jarvis, A. P. (Birmingham) 
Jarvis, H. W. (Erith) .. 
Jenkins, D. (London) .. 
Jenkins, H. G. (Wilmslow) 
Jennings, B. C. (Wallasey) 
Jennings, E. J. (Birmingham) 
Jepson, C. (London) .. 

Joel, H. F., Jun. (Beckenham) 
John, W. J. (Croydon) 
Johnson, A.S. A. (London) .. 
Johnson, C. W. (Harrow-on-the-Hil) 
Johnson, H. H. (London) .. ; 
Jobnson, J. H. (Chelmsford) .. 
Johnston, W. (Uxbridge) 
Johnstone, A. B. (Eastington) 
Jolin, P. S. Fo eae hae 
Jones, A. T. (London) 

Jones, C. (Wembley Park) 
Jones, C. E. (Liverpool) 

Jones, C. H. (Colombo) 

Jones, E. T. L. (Cardiff) 

Jones, F. G. (Plymouth) 

Jones, G. C. (London) 

Jones, H. E. (London) 

Jones, H. H. (London) 

Jones, H. L. (Altrincham) ; 
Jones, W. E. (Wolverhampton) 
Jordan, E. H. (Doncaster) 
Jordan, W. S. (Gainsborough) 
Joseph, H. (Wolverhampton). . 
Joseph, J. ae at 
- Joseph, J. R. (Enfield)... 

| A Annual Subscriptions. 
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Joyce, R. C. W. (London) 
Judson, R. (Welling) 

Jump, A. R. (Birkenhead) 
Kaempf, E. (London) .. 

Kahn, H. J. (London).. 
Karuven, M. (Bombay) 
Kearsley, K. W. (London) 
Keay, E. McL. (Leicester) 
Keer, R. K. (Coulsdon) 

Kelly, A. C. (Buenos Aires) 
Kelso, A. (Dunfermline) 
Kennard, E. G. (London) 
Kennedy, Sir Alexander (London) 
Kennedy & Donkin, Messrs. .. 
Kennedy-Purvis, C. E. (London) 
Kennett, A. J. N. (London) 
Kenworthy, A. (Barnsley) 
Kerr, P. C. (Greenock) 
Kerridge, F. B. (Dhanbad, India) 
Kershaw, R. (London) 

Khory, K. N. (London) 
Kidner, W. E. (London) 
Kilner, W. N. (Manchester) 
Kilshaw, J. B. (Bolton) 

King, H. H. (Watford) 
Kingaby, G. W. (London) 
Kingsbury, D. (London) 
Kingsbury, J. E. (London) 
Kingsland, W. (Ryde).. 
Kingston, J. M. (Feltham) 
Kingston, J. R. (London) 

Kirk, A. (London) ‘ 
Kirkby, H. McK. (London) .. 
Kitching, P. H. (South Croydon) 
Knight, F. J. (Chelmsford) 
Knox, R. (London) .. 

Kolle, H. W. (London) é 
Kramer, J. B. (Birmingham). . 
Kuka, J. M. (Bombay) 
Kunning, G. A. (London) 
Lackie, W. W. (London) 

Lamb, H. C. (Manchester) 
Lambert, G. W. (Stafford) 
Lambourn, W. C. (Newcastle-on-Tyne) 
Lamotte, G. W. L. (Limpsfield) 
Lancaster, W. B. Shea aa 
Lane, F. J. (London) .. 

Lane, W. E. (London).. 
Langdon, G. H. (Bristol) 
Langford, S. (Liverpool) 

Lash, A, R. (Llanrug) .. 
Latham, A. (Southport) 
Latimer, K. E. (London) 

Law, A. H. (Rugby) 

Law, G. C. (London) .. 

Law, L. B. (Brentford) 

Lawes, W. H. (London) ne 
Lawson, P. B. (Eastbourne) . 
Lea, N. (London) ae T 
Lea, W. H. (Manchester) 
Leach, H. L. (London)... 


* Annual Subscriptions. 
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Leaf, E. H. (London) .. 

Lean, A. L. (London) .. 
Leaver, H. (Burnley) . 

Lee, H. B. (Amersham) ‘ 
Lee, H. C. (Brooklyn, New York) 
Lee, J. A. (Bromley) . 

Lee, R. H. (Hove) 

Lee, R. H. (Vizapatam) 

Lee, W. J. (London) 

Lees, A. (Mansfield) 

Le Feuvre, C. G. (Harpenden) 
Lefroy, H. P. T. (London) 
Leftley, J. R. (Madras) 

Leigh, J. H. (Manchester) 
Lepine, L. J. (Southport) 
Levin, A. E. (London).. . 
Lewis, G. (Gorseinon, Glam.).. 
Lewis, J. B. G. (Cardiff) 
Lewsley, J. W. (Derby) 

Linay, E. C. (Worksop) 
Lindley, G. (Barnsley). . 

Linsell, F. A. (Reading) 
Linsley, B. (Leeds) 

Linton, J. (Leeds) 

Linzell, H. (London) 

Lironi, T. V. (Portsmouth) 
Litherland, E. (Doncaster) 
Lloyd, C. (London) 

Lloyd, J. A. H. (London) .. 
Lloyd, P. G. (Newcastle-on-Tyne) 
Logan, A. (Birmingham) 
Long, A. L. (Ware) 

Long, S. H. (London) .. 
Longstaff, G. (Crook) .. 

Love, K. G. (Stafford) .. 
Lowey, S. (Liverpool) .. 
Lunn, A. L. (Manchester) 
Lunn, W. (London) 

Lusk, D. (London) 

Lyne, R. H. (Dundee).. 
Lyons, H. M. (London) ; 
Macaulay, J. M. (Glasgow) .. 
Maccall, W. T. (Sunderland) .. 
McCartney, H. (Stoke-on-Trent) 
McColgan, A. J. (Glasgow) 
McColl, A. E. (Dumbarton) 
McColl, R. J. (London) 
McCulloch, R. (Glasgow) 
M’Dermid, P. (Glasgow) E 
MacDermott, C. N. (Banstead) ; 
McDermott, J. (Hemel Hempstead) . 
Macdonald, G. (Preston) a 
Macdonald, G. J. (Emsworth) 
Macdonald, H. A. (Sidcup) 
Macdonald, J. W. (London) 
McDonnell, E. C. (Liverpool) .. 
McDouall, A. P. (London) 
McDougall, D. (Greenock) 
Macfarlane, J. C. (Glasgow) 
Macfarlane, J. E. (Taunton) .. 
McGavin, J. (Liverpool) 


* Annual Subscriptions. 
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McGrath, F. A. (Cork). . 
McGrath, T. ings a 


Macgregor-Morris, J. T , (London) 


| McGuigan, W. (Kolar, India)... ws 


McHaffie, H. G. (Edinburgh) .. 
McHatton, G. T. (London). 
Macilwraith, G. M. (Cork) 

Mackail, J. H. (London) 

Mackay, W. M. (Dundee) ‘ 
Mackenzie, I. S. (Chesterfield) 
Mackenzie, T. B. (Motherwell) 
McKillop, P. A. (Glasgow) .. a 
McKinstry, A. (London) ; 
McLagan, D. (New York) 


_ McLare, J. P. (Kirkee, India).. 


McLaren, J. T. (Bedlington) .. 
McLean, F. C. (London) 
McLean, G. O. (Calcutta) me 
McLellan, G. A. (Uphall, N.B.) 
Macleod, D. M. (Glasgow) .. 
McMillan, D. (Whitley Bay) . 
McNaul, H. (Bargoed) 
Macpherson, H. (Oxford) 
McWhirter, R. (London) : 
McWhirter, W. A. J. (London) 
Mabbot, W. H. L. (London) .. 
Mairs, J. B. (Edinburgh) a 
Malcolm, G. W. (Northwich) .. 
Malek, E. M. (London) 
Mallins, C. W. (Liverpool) 
Mallinson, A. B. (Salford) 
Mallinson, W. D. (London) 


| Maloney, S. J. (London) 


Mangnal, W. E. (Manchester) 
Manifold, R. W. (Letchworth) 
Manighetti, A. (London) 
Manson, G. A. (Glasgow) i 
Manville, Sir Edward ee 
March, C. (London) 
Marchant, E. W. (Liverpool) .. 
Marchbanks, M. J. (Manchester) 
Markby, E. J. (London) ais 
Marks, E. E. J. (Portsmouth).. 
Markwick, J. J. (Harrow-on-the-Hil) 
Marr, W. B. (Sunderland) 
Marriot, E. N. (Bangor) : 
Marshall, A. R. (Rotherham).. 
Marshall, C. W. (London) | 
Marshall, C. W. (London) 
Marshall, J. (Cheltenham) .. 
Marston, G. S. (Chalfont St. Giles) . 
Marston, S. G. (Stockton-on-Tees) 
Marston, W. J. (Coventry) 
Martin, G. H. R. (London) 
Martin, P. M. (Prescot) 
Martindale, W. (Preston) 
Mason, A. G. L. (London) 
Mason, J. A. (Liverpool) š 
Mathews, D. C. H. peda 
Mathews, E. D. K. (Dublin) . 
Mathews, H. M. (London) .. 

* Annual Subscriptions. 
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Matthews, (Mrs.) M. L. (London) 
Matthews, T. F. (Tredegar) 
Matthey, H. A. (Athens) 
Maxfield, G. W. (Carlisle) 
Maxwell, J. M. S. (Glasgow) .. 
Maycock, A. (Liverpool) i 
Mayne, R. N. (Henley-on-Thames) De 
Mayo, E. A. (Swansea) : 
Mayo, O. J. (Swansea) 

Mead, E. M. K. (London) 
Medlyn, W. J. (Manchester) .. 
Meecham, J. D. (Swansea) 
Melsom, S. W. (London) 

Mercer, C. J. (London).. 

Mercer, F. (Liverpool) .. 

Mercer, R. (London) 

Merz, C. H. (London) . 

Messent, J. S. (Loughborough) 
Messent, S. W. (London) si 
Metcalf, H. E. L. (Hertford) . 
Michael, E. F. (Southampton). 
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Miles, P. P. (London) 

Miley, P. (Manchester) 

Miller, D. M. (Coatbridge) 

Miller, E. H. (Enfield) pi 
Miller, H. W. (Hebburn-on-Tyne) 
Miller, T. L. (Liverpool) 
Millington, S. (Old Colwyn) 
Millner, W. (East Molesey) 
Millward, G. R. (Port Sudan).. 
Milne, P. W. (Birmingham) 
Milner, E. G. (Crewe) . 

Milner, R. A. (Bristol) 

Milner, W. S. (Rotherham) .. 
Minister, J. W. (Gt. Yarmouth) 
Minshall, T. H. (London) 
Mirchandani, T. J. (Bangalore) 
Mirrey, J. (East Bolden) 

Mistry, N. R. (Bombay) ga 
Mitchell, E. J. W. (Manchester) ‘ 
Mitchell, J. F. (Terenure, Co. Dublin) 
Mitchell, W. (Ascot) .. es 
Moberley, C. N. (Bombay) 
Moberley, R. M. (Barnet) 
Moffett, F. J. (Birmingham) .. 
Mohring, A. E. (Hornchurch).. 
Molle, G. W. (London) 

Moller, O. P. (London) 
Montague, W. M. T. (Glasgow) 
Montgomery, W. R. (Alton) . 
Moody, D. (London) . 
Moody-Smith, C. G. (London) 
Moore, A. T. C. (Southend) 
Moore, J. A. (St. Anne's-on-Sea) 
Moores, F. R. (Portsmouth) .. 
Mordey, W. M. (London) Es 
Morecombe, W. M. N. ne 
Morgan, A. (London) . 

Morgan, J. B. (Horsham) 
Morgan, J. D. (Birmingham) .. 


* Annual. Subscriptions. 
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Morgan, P. D. (London) 
Morgan, W. R. (Birmingham) 
Morley, E. W. (Bombay) 
Morice, L. F. (London) : 
Morris, A. L. (Loughborough) 
Morris, B. J. (Coventry) se 
Morris, E. R. (Chesterfield) 
Morris, H. G. (Cardiff)... : 
Morris, S. H. (Birmingham) 
Morrison, W. M. (London) 
Morrow, H. E. (London) 
Morse, C. (Birmingham) 


_Morshead, L. R. (London) 


Morton, J. (Wolverhampton).. 
Morton, J. A. (Prescot) 

Moscrip, W. R. (London) 

Mould, J. (Leicester) 

Moullin, E. B. (Cambridge) .. 
Mounsdon, C. F. (Sevenoaks). . 
Mount, A. E. (Sidcup) 

Mountain, G. A. (Nigeria) 
Mountain, W. C. (Newcastle-on-Tyne) 
Moussa, M. (Cairo) 

Mullard, S. R. (Egham) 

Mulligan, P. (Kingstown) 

Mullin, J. (Enfield) 

Munday, H. E. (Burton-on-Trent) 
Mundy, A. W. H. (London) 
Murray, A. R. (London) 

Murray, G. E. W. (Glasgow) .. 
Murray, J. C. (Glasgow) 

Murray, J. K. (Glasgow) 

Myers, C. (Coven : 

Naidu, S. R. M. (Hyderabad)... 
Nairn, W. (Bristol) .. .. 
Napier-Whittingham, D. - (London) Se 
Nash, E. A. (Barnet) . “4 a 
Nash, H. A. (Aden) 

Naylor, W. S. (Manchester) 
Neale, A. H. (Coulsdon) 

Neate, E. P. (London). . 

Needes, E. C. (Pontypridd) 
Nelson, J. E. (Runcorn) 

Nelson, R. (Harpenden) 

New, C. G. M. (Cardiff) e 
Newbery, A. F. (Birmingham) 
Newcomb, H. N. (London) 
Newland, E. W. J. (Birmingham) 
Newman, A. S. (Uxbridge) 
Newton, C. E. (London) 

Nicholes, S. (London) .. 

Nicholls, F. (Derby) .. 

Nicholls, F. A. (Stourport) 
Nichols, E. J. (York) .. 
Nicholson, G. F. (London) 


Nicholson, J. K. A. (N ewcastle-on-Tyne) 


Nield, H. B. (Pontypridd) 
Nielson, J. F. (Glasgow) 
Nobbs, C. G. (London) 
Norris, E. D. T. (Manchester) | 
Nott, H. A. (Gibraltar) acd 
* Annual Subscriptions. 
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Nottage, W. H. (Ruislip) 

Nunn, C. (Crewe) ve 

Nunn, R. J. (Colchester) 

Nunn, R. T. (London) 

Nuttall, E. M. (Newton Abbot) 
Nye, E. P. (St. Leonards-on-Sea) 
Oakley, G. E. J. (Slough) 

Oatley, C. W. (London) 

Obert, F. T. F. (London) 

O’Brien, B. H. (London) ai 
O’Brien, H. E. (Killiney, Co. Dublin) 
Ockenden, F. E. (London) : 
Oddy, G. N. (Coventry) 

O’dell, G. F. (Kingston-on-Thames) . 
Odling-Smee, C. W.. (Guildford) 
Ogilvie, F. T. (Broadstairs) ' .. 
Oldham, C. F. (Huddersfield). . 
Oldham, T. J. F. (Rugby) 

Oliver, C. (London) .. 

Oliver, G. W. (Aylsham) 

Oliver, V. F. M. (Sunninghill) 
Onslow, D. V. (London) 

Orme, A. (Leyland) 

Orton, J. W. N. (Sheffield) 

Otter, F. L. (Bombay).. 

Oura, H. L. (Epsom) .. 

Outram, F. C. (Hull) 

Overington, L. E. (Ilkley) 

Ozawa, J. H. (London) 

P., C.W. 

Page, A. (Bromborongh) 

Page, A. (London) 

Paget, P. W. (London) 

Paige, H. H. (London) 

Painton, C. A. (London) 

Palmer, A. H. (Darlington) 
Palmer, E. B. (Tewkesbury) .. 
Palmer, E. W. (London) Da 
Palmer, P. H. G. (Manchester) ; 
Palmer, W. T. (Harrow-on-the-Hill) 
Panth, B. D. (Pittsburgh, U.S ae 
Park, R. T. (London) .. ; 
Parker, A. J. (Worthing) 

Parker, W. A. (Workington) .. 
Parkinson, G. R. J. (Stourbridge) 
Parnall, E. J. (N Se A 
Parry, E. (London) si 
Parry, F. (Ipswich) 

Parry, W. (Stafford) 

Parsons, A. G. (Dudley) 

Parsons, The Hon. Sir ae (London) 
Parsons, F. W. (Leeds) 

Partridge, G. W. (London) 
Partridge, J. H. (Old Hill) 

Pask, V. A. (Newcastle-on-Tyne) 

, Patchell, W. H. (London) 

Patel, N. B. B. (Bombay) 

Patel, R. U. (London) : 
Paterson, H. (N ewcastle-on-Tyne) 
Patrick, W. M. (Shanghai) 
Patterson, J. H. (Birmingham) 


* Annual Subscriptions. 


æ th 


pt 


pt 


pi 


{= — 


— fj 


fun 


pt 


p 


e 


+ + 


x + 


OWonaonc & 
+ * + * * + 


* 


Ooeoeeoeeoaoaqanacd sds 


AAODSTAAAQSDS 
* # e & 


OomoeeegeceenroQqonrocc 


Payn, H. (Boston) 

Payne, J. N. (Hounslow) 
Payne, N. B. (Croydon) 
Peacock, G. W. (Swansea) 
Pearce, F. B. P. (Stafford) 
Pearce, S. L. (London) i 
Pearson, E. A. (Shrewsbury) .. 
Pearson, E. M. (York) 
Pearson, T. (Greenock) 
Peasgood, F. (London) 

Peck, C. F. (Chesterfield) 

Peck, J. S. (Manchester) 
Pedler, I. A. D. (Bristol) 

Peel, G. N. (Tynemouth) 

Pegg, R. N. (Ruislip) .. 
Peggs, E. P. G. (Bristol) 
Pellow, E. (Malta) 

Pender, D. (Liverpool) ‘ 
Pennell, E. R. (Walton-on-Thames) ... 
Perkins, G. H. (Seaford) 
Pernet, F. H. (Dartford) 
Perrin, J. F. (London). . 
Perry, C.S. (Dublin) .. 
Perry, F. R. (Manchester) . 
Perryman, N. J. (New York) .. 
Petersen, T. (Esher) . bye 
Peterson, I. E. K. (Khewra, India) Be 
Petrides, S. A. (Cyprus) 
Pettitt, L. W. (Orpington) 
Phillips, C. F. (London) 
Phillips, E. A. (Pewsey) 
Philpott, S. F. (Swindon) 
Pickford, T. E. (London) 
Piggott, J. W. (Whitby) 
Pilcher, C. W. (Walmer) 
Pilcher, R. H. (Basingstoke) .. 
Pilkington, D. F. (Manchester) 
Pilling, J. (Burnley) i 
Piper, E. F. (Hove) 

Place, W. I. (Manchester) 
Platt, F. C. (Smethwick) 
Plunkett, M. P. (Tonbridge) . 
Podd, J. K. (Bristol) 

Pointer, J. (Peterborough) 
Pointon, H. V. (Bombay) 
Pollock, J. C. (Glasgow) ; 
Ponsford, S. (Broughty Ferry) 
Pook, S. H. (Woking) .. sa 
Porteous, D. A. S. (London) .. 
Pound-Corner, H. S. (Preston) 
Powell, H. H. (London) ; 
Prangnell, N. W. (Portsmouth) 
Pratt, L. H. (Newcastle-on-Tyne) 
Preece, A. H. (London) : 
Preller, C. S. du Riche (Edinburgh) . 
Prentice, H. N. (Stowmarket) 
Preston, C. E. (Rugby) 
Preston, G. F. L. (Ventnor) 
Price, F. E. (Portsmouth) 
Price, L. (Lytham) .. 
Prince-Stevenson, W. A. (London) 


* Annual Subscriptions. 
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Pritchard, R. (Liverpool) 
Proctor, H. F. (Bristol) 

Prowse, J. A. (Birtley, Co. Durham) 
Pyne, A. P. (Sidcup) T 
Quayle, J. C. (Liverpool) $4 
Radcliffe, C. J. (Neweastle-on-Tyne) 
Ram, G. S. (London) . ; site 
Ramsay, A. J. (London) 
Randles, J. T. T. (Birmingham) 
Rantzen, H. B. (London) 
Raphael, F. C. (London) 

Ratcliff, H. A. (Cheam) 

Ratcliff, R. P. (Sheffield) 
Rattray, C. G. (London) 
Rawlings, W. R. (London) . 
Rawlinson, J. D. S. ies 
Ray, S. N. (London) 

Raybould, S. (Birmingham) . 
Rayner, A. H. (Braintree) 

Read, H. S. (London) .. ' 
Reddrop, W. H. (Enfield) .. 
Redfearn, C. H. (Wakefield) .. 
Reed, E. J. (London) 

Reed, H. K. (Biggin Hill) : 
Reeman, H. F. (Manchester) .. 
Reeves, R. W. C. (Beckenham) e 
Reeves, S. K. (Harrow-on-the-Hill) .. 
Reid, D. G. (Rio de Janeiro) .. 
Reiss, C. (Manchester) 

Rendle, G. A. (London) 

Rennie, R. J. (Glasgow) 
Renshaw, A. P. B. (Liverpool) 
Renwick, W. J. (Birmingham) 
Rheam, G. T. T. as 
Ricci, R. E. (Lima) ; 

Rice, E. S., Jun. (Birkenhead) 
Rich, T. (Caterham) > 
Richard, S. T. (Ammonford) . 
Richards, R. (Swansea) 
Richardson, F. (London) 
Richardson, G. (Birmingham) 
Richardson, H. W. (Birmingham) 
Richardson, S. S. (Liverpool). . 
Richardson, W. P. (Birmingham) 
Rickard, C. E. (London) 

Rickets, W. J. (London) 
Rickwood, H. A. (Bombay) 
Ridd, P. J. (Sutton, Surrey) .. 
Ridley, W. O. (Bombay) 

Rigby, A. (Colchester) . . 

Rigby, J. (Wigan) 

Rigg, R. (London) 

Riggs, W. (London) 

Riley, F. Eee, T 
Ripley, D. (London) 

Ripley, R. V. (Leeds) . ; 
Risbee, F. C. (N orthampton) . P 
Ritchie, D. L. (Paisley) 

Ritchie, W. A. (London) 

Ritchie, W. G. (London) T 
Rivers-Moore, H. R. (Croydon) 


* Annual Subscriptions. 
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Rivière, P. L. (London) . 
Roberton, J. S. P. (Edgware) 
Roberts, A. (Zanzibar) 
Roberts, D. E. (Cardiff) 
Roberts, E. J. ee 


Robertson, A. T , (Neweastle-on-Tyne) 
Robertson, D. (Bristol | 
Robertson, F. S. (London) 


Robertson, H. (Newcastle-on-Tyne) . 
Robertson, J. A. (Manchester) : 
Robertson, R. (Carmunnock, N.B.) .. 
Robertson, R. K. (Dunfermline) 
Robertson, W. J. (London) 

Robins, W. H. (Stafford) ; 
Robinson, B. A. (Hexham-on-Tyne). . 
Robinson, C. (Northwood) 
Robinson, F. W. (Tramore) 
Robinson, G. (Otley) : 
Robinson, N. H. (Liverpool) . 
Robinson, P. J. (Liverpool) 
Robinson, R. E. (Letchworth) 
Robinson, R. T. (Goodmayes) 

Rock, A. F. (Colwyn Bay) .. 
Rockingham, P. W. (Croydon) 
Roddam, G. (Bombay) a 
Rodgers, H. N. (Rotherham) .. 

Roe, W. B. (Bengal) .. 

Roger, A. J. R. (Edinburgh) . 
Rogers, F. (Manchester) 

Rogers, W. L. A. (Modbury) . 
Rogers, W. R. (Gateshead-on-Tyne).. 
Roget, S. R. (London)... : 
Roles, T. (Bradford) 

Rooney, J. L. (Liverpool) 

Roots, A. E. (Worcester) 

Roscoe, W. (Mitcham). . ag 
Rose, W. C. (New Denham) .. 
Rosen, J. (Newcastle-on-Tyne) s 
Roseway, W. N. (Westcliff-on-Sea) .. 
Rosher, N. B. (Smethwick) — 
Rosling, P. (London) .. 

Rosling, P, (London) .. 

Ross, T. A. (London) .. 

Ross, W. D. (Beckenham) 

Rosser, G. L. (Sheffield) K 
Routledge, L. G. F. (Eastwood, Notts) 
Roux, G. P. (Philadelpbia, U.S. ea F 
Rowell, C. V. (Alton) .. 

Rowland, W. (London) 

Rowles, H. P. (London) 

Rudd, S. (Calcutta) ; 
Rudman, R. R. (Birmingham) 
Russell, A. (London) zi 
Russell, S. G. C. (London) 

Ryan, H. N. (London) 

Rye, A. N. (Virginia Water) . 
Saddington, C. W. (Oban) 

Sage, H. E. (Northwood) 

Sainsbury, G. W. alas ae 
Salter, W. S. (Dorking) 
Saltren-Willett, C. G. (Cardiff) 


* Annual Subscriptions. 
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| £ s. d. £ s. d. 
Sampson, C. V. (La Paz, Bolivia) 1 0* | Simon, S. A. (Consett).. : 110 0* 
Samuel, -H. P. (West Bromwich) Simons, E. J. (Gerrards Cross) 5 0 
Sandeman, D. S. (Birmingham) Simpson, F. A. (Newmarket)... 10 6* 
Sanders, G. (Larne Harbour) .. 1 * | Simpson, G. F. (Kingston-on-Thames) gi 6 0 
Sanderson, A. K. (London) Simpson, M. G. (Tunbridge Wells) .. .. 1 1 OF 
Sands, W. F. (Conway) 1 Simpson, W. (Glasgow) aii be 5 
Sandys, G. H. (Belfast) Sims, J. W. (London) .. T ate E 10 
Sarsfield, L. G. H. (London) . * | Sims, W. L. (Leicester) 2 
Saunders, H. S. (Yeovil) ss * | Sinclair, W. (Bristol) . ; 5 
Savage, J. (St. Leonards-on-Sea) .. be 1 Singh, K. (Harrow-on-the-Hill 9 
Savory, R. (Portsmouth) - .. i ay 2 Sinnott, J. (London) 5 
Sawtell, W. S. (Galashiels) a i 1 * | Skelcher, F. W. (Birmingham) = za 2 
Sawyer, L. J. (London) 1 Skelton, H. A. (Foyers, N.B.) ; . 1 0 
Say, M. G. (Glasgow) .. Skevington, F. K. A yne) f 4 
Saycatch, J. (Bristol) .. Skinner, A. C. (Stoke)... 5 


-Sayers, J. (Derby) 

Sayers, J. E. (Glasgow) i 
Scarborough, E. A. (Wembley) 
Schofield, F. E. (Manchester). . 


+ 


fas 


Skinner, E. (Colombo). . 
Skinner, F. G. J. (London) 
Slee, J. A. (London) .. : 
Slingo, Sir William (London)... 
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* Annual Subscriptions. 


* Annual Subscriptions. 


Sclater, F. A. (London) Sloan, N. E. W. (Rugby) 2 
Scott, E. R. (Manchester) . Small, A. J. (Glasgow) 5 
Scott, E. W. M. lan ee Small, C. E. (Uxbridge) 5 
Scott, G. J. (Norwich) Smart, H. P. (Newbury) pa araga 5 
Scott, G. J. D. (London) 1 * | Smart, J. H. (Shanghai) sá ns fe 2 2 
Scott, J. S. (Shotts, N.B.) Smith, Albert (London) i suse 10 
Scott, T. R. (Bexleyheath) 0* | Smith, A. E. (Tipton) .. ai aa TOE me | 

. Scott, W. S aa Smith, A, E. (Khartoum) 0 
Scott, W. H. (Norwich) ; Smith, A. J. (Blenheim, N.Z.) 10 
Scragg, F. T. (Stoke-on-Trent) Smith, B. S. (Portland) 10 
Seaborne, W. (Sheffield) Smith, C. F. (Leeds) 5 
Seager, F. P. (Manchester) Smith, C. H. (Birmingham) .. 2 6* 
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THE PRINCIPLES OF RELAY TIMING IN CONNECTION WITH 
AUTOMATIC TELEPHONE CIRCUITS.* 


By T. H. Turney, Ph.D., Associate Member. 


(Paper first received 28th January, and in ie form 31st August, 1927.) 


SYNOPSIS. 


An attempt has been made to develop the theory pro- 
gressively. The relay is first considered as a simple coil. 
This leads to Helmholtz’s law. The inclusion of a slug, 
ignoring flux leakage, increases the time-constant of the 
relay. It is shown that time-constants add up arithmetically, 
This is felt to be important: it simplifies calculation. With 
flux leakage, the rise of flux no longer obeys Helmholtz’s 
law, a rough treatment giving two exponential terms in 
place of one. 

The release of slugged relays is complicated by saturation. 
A graphical method of dealing with this has been evolved. 

The impulse relay is treated at some length on account 
of its great practical importance and because of the interesting 
oscillations produced by the condenser at the dial. 

In order to examine the effect of flux leakage a little more 
thoroughly, the relay core has been viewed as a transmission 
line with “ heelpiece return.” The slug becomes distributed 
inductance, and the resulting telegraph equations have been 
solved by Heaviside’s “expansion theorem.’’ In no case 
is the actual motion of the armature considered in this 


paper. 
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IV. Laws of flux-decay. 

V. Operating time of a relay closed over a leaky 
junction circuit. 
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(1) INTRODUCTION. 
In telephone work, and more especially on the 
automatic side, the ever-increasing demand for fresh 
facilities necessitates progressive circuit design. 
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As the circuits tend to become larger and: more 
complex, the problems of relay-timing become more 
acute. 


Undoubtedly the telephone relay has not received 


an adequate treatment in the textbooks, and the chief 
reasons for this seem to be that automatic telephony 
is still in its infancy, that the relay lends itself to mass 
production, one or two sizes only being produced by 
each factory, and that the relative cost of experimental 
trial is small, on account of the large numbers of similar 
relays employed. One would not wish to replace 
experiment by theory, but it is desirable to place the 
telephone relay upon a sound theoretical basis. With 
this end in view the problems of operation and release 
of all ordinary-type relays have been investigated and 
complete formule evolved. These expressions have 
then been arranged in such a form as to facilitate 
routine calculation of those timing problems which most 
commonly occur in practice. 

The formule have also been extended to cover 
impulsing in all.its phases, apart from those problems 
in which the junctions are “ electrically long.” 

Owing to the small size of the relay, and the con- 
sequent importance of secondary effects such as flux 
leakage, or eddy currents, the theoretical results cannot 
be expected to give very close agreement with any single 
experiment, especially as slight manufacturing variations 
are-inevitable. 

These variations are present, however, whatever 
method of relay design is adopted, and this is perhaps 
one of the strongest arguments for a mathematical 
method of investigation, which may be expected to give 
reliable average values. 

The work done comprises methods of estimating the 
operating and release times of ordinary fast relays 
and relays with slugs, sleeves, and short-circuited 
windings. 

The treatment has been extended to include the effects 
of flux leakage and eddy currents, and, in the case of 
releasing times, a graphical method of arriving at the 
effect of magnetic saturation of the iron has been devised. 
The theories of operation and release have been applied 
to impulsing problems, and are found to elucidate certain 
well-known phenomena in that connection. 

The question of the propagation of flux waves through 
metallic slugs has also been attacked, and the application 
of Heaviside’s telegraphic equations to this type of 
problem has been pointed out. 

It is hoped that the theories developed will have 
a threefold use. Firstly, it is anticipated that the 
equations, especially in their graphical form, will 
elucidate many of the phenomena which have been 
brought to light as the result of prolonged and careful 
experiment. Secondly, it is hoped that the formule 
will, by taking into account the fundamental relay 
constants, bring into prominence their relative import- 
ance and, in the case of experimental deviation of 
particular samples, enable the manufacturing variation 
to be located. Lastly, it is felt that in the evolution 
of empirical formule the equations here developed 
Should be of material help in deciding the form of the 
empirical expressions. 

If the brief outline here given should have the effect 


\ 


ST 


of panes: to the notice of able: and more experienced 
men the interesting problems to be met with in relay 
design, the author would be very satisfied. 


(2) RELAY CONSTRUCTION. 


The relay consists essentially of the core, heelpiece 
and armature, together with the coil and spring assembly. 
Fig. 1 shows the constructional details of the Automatic 
Telephone Manufacturing Co.’s ‘“‘ automatic horizontal ” 
type relay. 

The magnetic circuit, consisting of the three first- 
mentioned parts, is usually made of soft Swedish iron, 
though special materials may be employed to secure 
a desired result. 

The winding space, with a given core diameter and 
size of heelpiece, then depends on the type of relay, the 
provision of a copper slug or sleeve reducing the available 
space for the coil. 

The well-known methods which have been developed 
for dynamo design may be used in determining the 
relation beteeen the coil ampere-turns and the flux 
produced. 

As the main air-gap.between the core and armature 
constitutes the chief reluctance in the path of the flux 
—at low densities, at least—the position of the armature 
has great importance in determining the flux for a given 
current. The movement at the spring contacts must 
be enough to give sufficient contact clearance between 
“ break ” contacts and provide the necessary pressure 
on ‘‘ make ” contacts. The armature design has there- 
fore an important bearing on the characteristics of the 
relay. 

In the case of a relay in the “ operated ” position, 
the necessary force at the residual screw for given spring 
loads is directly proportional to the ratio (movement 
at the contacts)/(movement at the centre of the core), 
which fraction may be called the ‘‘ armature ratio.” 
A relay with a low-ratio armature will thus retain on 
a smaller current than one in which the ratio is large. 
A low-ratio armature will, however, have the greater 
gap between the core and armature when the relay is 
in the unoperated position, and the increased reluctance 
will have the effect of diminishing the pull for a given 
current. The use of a low-ratio armature does not, 
therefore, necessarily enable a relay to operate with 
a smaller current. 

The Automatic Telephone Manufacturing Co. of 
Liverpool manufacture two types of armature, known 
as the No. 3 and No. 2, their ratios being approximately 
3 and 2 respectively. The constructional difference 
will be clear from a study of Fig. 1. The No. 3 armature 
is especially suitable for impulse relays and all relays 
where quick release is desirable. The No. 2 armature 
is especially suitable for slow-release relays, and also for 


_relays operating over long lines where the power available 


is small. 

Now consider spring thickness. The tension on the 
relay springs can be adjusted throughout a considerable 
range without any alteration in thickness of material, 
though excessive tension demands a heavy spring. The 
spring thickness has, however, an important bearing 
on the operating characteristics, as it, together with 
the armature ratio, determines the gain in magnetic 
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pull which is necessary to overcome the increasing 


tension on the springs as the relay operates. 

It will thus be readily appreciated that the problem 
of relay timing is a twofold one, the first part being 
a purely electrical problem—the question of the time 
which elapses before the armature commences to move 


—and the second a much more complicated one, involving | 


mechanics as well, i.e. the question of how the armature 
will move when once it has started. 

The first problem alone is here considered, a few 
remarks only being made on armature movement from 
time to time. Fortunately, in most relays the waiting 
period is much greater than the moving, or “ transit,” 
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FiG. 1.—The parts of a relay. 


period as it is often called, and thus it is the former 
which is the more important. 


(3) THe MAGNETIC CIRCUIT, 


The following methods, much used in dynamo design, 
enable the relation between flux and ampere-turns to 
be obtained for any relay of the ordinary telephone 

e. 

The flux densities in the core and heelpiece must be 
worked out, for various values of the flux, from the 
actual sizes of the relay parts. Then from the B-H 
curve (see Fig. 2) the value of H can be found for each 
part of the magnetic circuit and substituted in the 
equation 

N = 0°8 HI . . . e . (1) 


in the usual way, in order to find the ampere-turns, N, 
necessary to drive the flux through each part of the 
magnetic circuit separately. | 

The flux will “ fringe-out’’ at the air-gaps and these 
must be treated by “ Carter's coefficients ” or in some 
similar manner. This correction is important; as the 
reluctance of the main gap at the residual screw con- 
stitutes the major portion of the total reluctance in 
the circuit, except at high flux densities when the iron 
becomes saturated. | ; 

As each iron surface is plated to prevent rust, the 
actual air-gaps will be greater than the measured values, 
and an additional gap will be introduced at the point 
where the core is attached to the heelpiece. 

When the armature is away from the core, the 


Values of 3 


3 
Values of Y 
Fic. 2.—Mean B-H curve for soft iron. 


influence of the plating will not be very serious, but 
when the armature is near the core, i.e. when the relay 
is in the operated position, the thickness of the plating 
makes an enormous difference to the flux for a given 
current, It is for this reason that relays are more 
consistent in their operating times than in their release 
times, . 

The total travel of the armature at the centre of the 
core is called the *“ stroke,” and the air-gap between 
the armature and core in the operated position is fixed by 
a residual screw. 

For any given value of the main air-gap, i.e. stroke 
+ residual, the relation between flux and ampere-turns 
will bear a direct relation to the B-H curve for the 
iron. For low. flux densities, as the chief reluctance 


344 TURNEY : THE PRINCIPLES OF RELAY TIMING IN CONNECTION 


lies in air-gaps, the ampere-turns/flux curve will be 
a very close approximation to a straight line, the slope 
of this depending on the main air-gap. 

For a relay with the following dimensions, the values 
of flux for various ampere-turns and strokes are given 


in Fig. 3, 
Dimensions of relay (see Fig. 1) :— 
Core diameter = 0-95 cm 
Core length = 7°75 cm 
Heelpiece breadth = 2-54 cm 
Heelpiece thickness = 0:31 cm 


Armature-heelpiece air-gap = 0-00381 cm 


A thickness of 0-00381 cm for each plated surface has 
been assumed, this including details of shape. 

It will be noticed in Fig. 3 that, for a given flux, 
equal increments. in stroke are not accompanied by 
equal increments in the values of the ampere-turns. 


12 000 


Flux (0) in lines per cm? 


As most relays “fclose” with the iron well below 
saturation, the straight parts of the curves shown in 
Fig. 3 may be used for calculating operating times at 
least. This results in a very great simplification in 
labour ; for, in the calculations involving flux and ampere- 
turns, we have 

Flux = (ampere-turns) x (a constant for a given 


stroke), or 
Ó = KN Ya ee. th. veer 2) 


The values of K for various values of (stroke + residual 
gap) are given in Fig. 4, which shows the great importance 
of exactness of plating when the relay is in the operated 
position, for increase of thickness of plating is roughly 
equivalent to increased residual gap. K may be defined 
as the flux for 1 ampere-turn. 

At this stage it is desirable to consider the effect of 
flux leakage. At high flux densities, when the iron is 


800 
Ampere-turns, W 


Fic. 3.—Flux/ampere-tum curves. 


This is directly due to the influence of the “ Carter 
coefficients ” accounting for increased ‘‘ spreading ” of 
the flux as the “stroke” increases. As the flux 
densities increase and saturation of the iron takes place, 
the ratio of the air-gap reluctance to the total reluctance 
becomes less and the curves for the various strokes 
come closer together. 

These curves are derived from the B-H curve 
shown in Fig. 2. This B-H curve is the mean value 
between the “ up” and “ down ” lines of the complete 
hysteresis loop, and is believed to be a useful approxima- 
tion to the conditions which obtain when a current is 
switched on to a.eoil with a ‘‘ demagnetized ” core. 

Where the core has some residual magnetism present 
at the moment of switching on, no serious error will 
result in the timing calculations, for these have been 
based on operating currents, and the residual magnetism 
will lower the operating current as well as the operating 
time. Thus the calculation will hold good if the operat- 
ing currents specified in the formula are taken to mean 
the actual operating currents with the relay in the 
state in which it has to work in practice. 


saturated, the determination of leakage becomes a 
matter of great difficulty. Fortunately, however, high 
flux densities are not attained with usual values of current 
and turns, except when the relay is in the operated 
position, and it is precisely then that leakage is a mini- 
mum both in actual value and in importance. 

Considering the relay in the unoperated position, 
the chief leakage will be that between the core and heel- 
piece at the armature end. In other words, the flux 
will pass readily round the heel end of the magnetic 
circuit and will leak from core to heelpiece on account 
of the air-gaps at the armature. As a first approxima- 
tion the reluctance of the iron may be neglected, as 
also may that of the plating gap at the point where 
the core is attached to the heelpiece. 

Referring to Fig. 1, suppose the reluctance of the air 
path between the whole of the core side and the heel- 
piece to be such that 


Leakage flux = YN 


where Y = maximum possible leakage coefficient with 
concentrated coil at the heel end, the ampere-turns N 
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being supposed to link the whole of the flux. It will By differentiating equation (5) we have, from (6) 
be obvious that as there are fewer ampere-turns as we a 
approach the heel end of the core, the leakage flux E AR ais Š La a AD 
t 


will be weaker there, and stronger towards the armature 
end. 
The total leakage flux will then be an average, i.e. 


Leakage flux = 4 x actual ampere-turns X Y. (3) 


Should the coil be concentrated in one part of the 
core at the heel end only, this expression would have 
to be used for that part of the leakage path enibraced 
by the coil. Flux would leak through the rest of the 
gap between the core and heelpiece under the full 
influence of the whole’ of the ampere-turns. Thus the 
flux produced through leakage would be given by the 


formula 
pO + pL ON . . . . (4) 


where § = ratio of coil length to total core length. 
The above formula assumes that the reluctance of the 
armature air-gap predominates over that of the heel- 


Values of K 
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Fic. 4.—Flux per ampere-turn in a relay core. 


piece, core and heel-end gap combined, or may at least 
be extended to include them without undue error. 

It is now necessary to study the inductance and 
leakage inductance of a coil. We have 


@ = KN = Kni . . . . (5) 


where ® = flux, 
K = constant for given stroke, 
N = ampere-turns of coil, 
4 = current flowing in coil, 
n = number of turns on coil. 


As the main flux links all turns, the e.m.f. generated 
by a changing flux is - 


—n(d@jdtlo-8—— . . . . (6) 


but ordinarily, by the definition of inductance, e.m.f. 
= — L(difdt). The inductance L of the coil is therefore 
given by the formula 


L = Knife . . . . . (8) 


This is the inductance due to the main flux. The 
formula for leakage inductance is, in the case of a 


heel-end coil, 
pr? 20 
1 108 (1 — =$) e . . . . (9) 


with the assumption that the flux has perfect liberty 
to pass through the iron and round the joint between 
the core and heelpiece at that end of the core at which 
the coil is situated. The method of deriving this ee 
is given in Appendix I. 

Where the coil is at the armature end, the leakage 
inductance becomes 

ym? 0 


108 3 


where @ is the fraction of the core occupied by the 
coil, and y is the total leakage flux produced by 1 ampere- 
turn situated at the heel end of the core. As these 
expressions assume the reluctance of the magnetic circuit 
to be concentrated at the armature end of the relay, 


‘they only apply properly to relays in the unoperated 


position. It is in this case, however, that leakage is 
greatest and has most significance, as stated above. 
Leakage flux does not, of course, contribute to the 
** pull ” of the relay. When, however, the relay is in 
the operated position, the reluctance of the plating 
gap at the back of the core cannot be ignored, as it 
forms a larger proportion of the total reluctance than 
when the relay is unoperated. Leakage then occurs 
at the heel end, and this leakage flux assists in holding 
the relay. The nearer the coil to the armature, then, 
the lower the releasing current will be. In considering 
slow-release relays this effect has to be taken into 
account. 


(4) GENERAL EFFECT OF SLUGS. 


The relation between the steady flux and current 
in a relay has been discussed in the previous section, 
and methods of ascertaining the flux for a given current 
have been outlined. The equation 


Flux = constant x N 


is only true, however, where:the quantity N is the 
algebraic sum of the ampere-turns due to the currents 
flowing in all paths linked by the flux. 

When a steady state has been attained, the ampere- 
turns due to current in the coil of a relay are the only 
ampere-turns acting. When the flux is changing, how- 
ever, this is not the case, for currents will flow in every 
closed circuit which is linked by any part of the flux ; 
and these currents will have their share in aiding or 


opposing the flux. 
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An additional coil on the relay, closed through a 
resistance of any value, will produce this effect; and 
a thick copper cylinder—or “ slug ’’—placed over part 
of the core, or a thin cylinder—or “ sleeve ’’—placed 
over the whole of the core, will provide a closed path 
of very low resistance in which currents of considerable 
magnitude may flow. 

We now proceed to determine the current which will 
flow in a closed coil, and in a slug, when the flux changes 
in the core. We have 


Voltage produced in a single turn 
= (rate of change of flux) x 1078 
For a coil of n turns 


E =n x (rate of change of flux) x 10-8 


where E = back e.m.f. produced. We then find that 
the ampere-turns produced when the coil of resistance 
R is closed by external resistance r are given by 


n2 
— 108(R + r) 
which fraction represents the slowing effect of the 


winding, in conjunction with its non-inductive shunt. 
The significance of this formula is that, as n? is 


N x (rate of change of flux) (10) 


proportional to R for a given size of coil, the greatest ` 


value of the fraction can be obtained only by an infinite 
number of turns. Space factor, however, has some 
influence, and where the coil is short-circuited the 
biggest value of the fraction is obtained with the lowest 
possible number of turns. The importance of this 
fraction will appear later when the various time formule 
are developed. Where a single turn of copper or “ slug ”’ 
is used, the current distribution in the layers of the 
slug has to be taken into account as follows :— 

The slowing effect of a slug of length J, external diameter 
D, and internal diameter d, is given by the following 
formula which expresses the conductance of the slug 


l log, (Dld) 


2mp x 108 Ead EN) 


where p = resistivity of the material. 

The significance of this equation is as follows :— 

(1) The effect of a slug is proportional to its length— 
neglecting flux leakage through the walls of the slug. 

(2) The effect of the slug is inversely proportional 
to the resistivity of the material of which it is made. 

(3) The relative inefficiency of the outer layers of 


the slug is illustrated by the term “log (D/d)” which . 


can become larger with either an increase in D or a 
decrease in d, the latter involving much less additional 
copper. 

It would thus appear that a copper sleeve fitted close 
to the core is more efficient, for a given volume of copper, 
than a copper slug of short length but full coil diameter. 
This conclusion is borne out in practice. 

The resistances of sleeves of various sizes as calculated 
from the above formula are shown in Fig. 5, in which 
the high efficiency of thin: sleeves compared with thick 
ones is clearly indicated by the rapidly changing gradient 
of the graph. | 

It will be appreciated that the purpose of a sleeve 


Resistance, in microhms 


‘piece, armature and adjacent metal masses. 


or slug is to provide a closed electrical circuit, linked 
by the flux in such a way that currents of considerable 
magnitude will flow when the flux increases or decreases 
rapidly. A short-circuited winding will, however, produce 
the same effect as a slug, and provides greater flexibility 
of operation, as it may be closed or opened by external 
means, as and when required by the circuit conditions. 
A winding is, however, less efficient electrically than a 
slug, for two reasons; first, the question of ‘‘ copper 
space factor ” limits the amount of copper per cubic 
inch of winding space; and second, the efficient inner 
turns of a winding are placed in series with the inefficient 
outer turns, whereas in a slug the inner layers are in 
parallel with the outer layers. 

It will be obvious that the “ parallel” connection 
obtaining in a slug will produce more ampere-turns 
than the “ series ” connection obtaining in a coil, for 
any given rate of change of flux. The advantage of 
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Fic. 5.—Resistance of sleeves (interior diameter = 0-4 in.) 


a winding used as a slug lies in the flexibility of operation 


which it affords. 

The effect of the position of the slug on the operating 
characteristics of a relay is very marked, and the observed 
differences between the action of a slug at the heel end, 
and one at the armature end of the core, can only be 


explained on the assumption that the leakage of flux 


through the slug is considerable. As, when a relay is 
being operated, the current in the slug opposes the current 
in the winding, in accordance with Lenz’s law, this is only 
to be expected. 


(5) OPERATION oF Fast RELAYS. 


When a battery is switched on to the coil of a relay, 
a current begins to flow. The current will produce a 


‘flux which will be proportional thereto, neglecting 


saturation of the iron and eddy currents in core, heel- 
The rising 
flux will generate a back e.m.f. in the turns of the coil. 
The flux and current will therefore rise according to 
Helmholtz’s well-known law 


i = i,(1 — oe Rill) (12) 


where 2, = final steady current, i.e. V/R, 


L = inductance of coil, 
R = resistance. 


WITH AUTOMATIC TELEPHONE CIRCUITS. 


347 


The vales of L can readily be éaiculated from the 
formula L = Kn?/108, the correct value of K being 
chosen according to the stroke of the relay. The form 
of this curve is shown in Fig. 6. 

When the flux has risen to the operating value, the 
armature commences to move. It is the time taken 
for this to happen that we are interested in. It is here 
assumed that the growth of flux follows the current-rise 
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Fic, 6.—Build-up of current in an inductive circuit. 


law. If, therefore, we know the operating current, the 
time of operation can be found from 


tg = 11 — e-Rtoll) , (13) 
- where +, = operating current, 
tg = operating time, 
4, = steady current. 
Solving this equation for tq we obtain 
L is ) | 
to = 108 ==, 7 09 


Relays are generally adjusted to operate at a given 
current, by inserting a certain resistance in the circuit 
and adjusting the tension of the springs until the relay 
just operates when the circuit is closed. Let this resist- 
ance be called Rm. Then ¿is = V/R and 2, = V/(R + Ry), 
and the above formula becomes 


to = ron os (2 + x) 


This formula is of great value and is applicable to all 
fast relays. 


(15) 


When the to: of coil resistance to operating resist- 
ance is small, the term log [1 + (R/R,,)] can be replaced 
by A/R,, and the formula becomes 


as Kn? 
0 108R. 


Fastest possible operation.—In order to operate a 
given spring combination, a certain flux is necessary. 
If too few turns are placed upon the core, the flux has 
to build up almost to its maximum steady value before 
the relay operates. The time of operation would there- 
fore be very long. If too many turns are used (keeping 
the coil resistance the same) the term Kn?/108 becomes 
very large ; that is to say, the rise of flux is slow, owing 


increase in 
operating times 
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Fic. 7.—Effect of maladjustment of springs on operating 
times. 


to the large number of turns. For a given spring load 
and coil resistance there will therefore be for the turns 
an optimum value which will produce the fastest pis 
relay. 

If the number of ampere-turns required to operate 
the relay is denoted by Nọ we have, using the above 
notation, tọ = N,/n. We then have from (15) 


‘= 


Kn? lo { } 

108R © (VIR) — (Nom) 
Differentiating this expression with regard to n we 

have 


dt  2Kn 7 { } Kn? NgR] (Vn?) 
dn 108R “© .1—(N,R/Vn) J 108R ‘1 — (N,R/Vn) 
2 log 1 = NEI Vn 
1 — (NgR/Vn) — 1 — (NgR/Vn) 
By trial and error 
NoR[Vn = 0-715 
or Vn/N¿R = 1-398 
Thatis — 
Steady ampere-turns = 1-398 . . (16) 


Operating ampere-turns 
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which gives the necessary law. In practice this factor 
must be increased, on account of the inertia of the moving 
parts and eddy currents in the iron. 

Effect of maladjustment on operating time.—Ií the 
spring tension of the relay is incorrect the operating 
time will consequently be affected. In the equations a 
change of adjustment is indicated by a change in Rp. 
The curves in Fig. 7 indicate the percentage change in 
operating time produced by a given change in the ad- 
justment. 

From formula (15) it will be seen that the term 
log (1 + R/BR.n) alone is affected. This expression is 
plotted in Fig. 9 for various values of R/Em. 

The percentage change in operating time for a given 
change in Rp can thus be obtained from this curve 
immediately, as in Fig. 7. It will be seen that if 
R|Enm is a small fraction the effect of a change in Rp is 


Percentage change 
in release time 


Percentage chan 
in release curren 
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Fic. 8.—Effect of maladjustment of springs on release 
times. 


rather serious, whereas if R/R,, is large the effect of 
changing R,, 1s slight. This is indicated in Fig. 7, and 
this conclusion is borne out in practice, as it is noticed 
that a change in the “ adjustment figure ”’ most seriously 
affects those relays which have a light tension. 

While considering adjustment and its effects, it is 
of interest to note the result of alteration of spring 
adjustment on releasing time, as indicated in Fig. 8. 

Time-constants.—The term L/R or Kn?/(108R) is 
usually known as the time-constant of the coil, as its 
magnitude indicates the time taken by the current to 
build up to any fraction of its steady value. In par- 
ticular the time-constant is that time in which the 
current would build up to 1 — (Ife) = 0-632 of its 
steady value. 

When the time-constant is known it is only necessary 
to multiply by log (1 + R/R,,), which may be called 
the “ operating constant,” to’ find the time of operation. 
The formula for operation thus reduces to 


t = Te X Oe 


where T, is the time-constant depending on the pro- 
perties of the coil, and O, the operating constant depend- 
ing on the spring adjustment of the relay. Values of 
O, are given in Fig. 9. The time-constant T, depends 
only on the ratio of n? to R and on the value of K, 


this latter being determined by the stroke of the relay, 
quality of iron, plating, etc. For a given winding 
space, n? is proportional to R, apart from space factor, 
and thus the time-constant is practically independent of 
the coil resistance, provided the same space is used. 

We thus reach two important conclusions: first, that 
the current builds up in such a way that the fraction 
of the steady current, after a given time has elapsed, 
is independent of coil resistance, provided the size of 
coil is constant; and second, that the rate of flux-rise 
can be augmented by reducing the size of the coil, the 
limiting condition being given by equation (16). 

The inductance of any coil as calculated from the 
formula Kn?/108 must be augmented by the leakage 
inductance calculated from formula (9); for the leakage 
flux, in rising, causes a back e.m.f. in the winding in 
exactly the same way as does the main flux, with the 
difference that the leakage flux does not, in general, cut 
the whole of the turns on the coil. 


Values of operating constant, 0 
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Values of Rn 
Fic. 9.—Values of “ operating constant ” [= loge(1 + R/Rm)). 


A more complete study of flux leakage is therefore 
necessary and is given in Appendix 6. 


(6) EFFECT OF SLUGS ON OPERATION. 


The effect of a slug on the time of operation must 
now be considered. 

In this preliminary treatment the whole of the flux 
produced by the coil must be assumed to link the slug, 
and vice versa. Though this is known to be incorrect, 
it enables a useful comparison to be made and the effect 
of flux leakage on the operation of the relay to be 
predicted, roughly at least. 

Let the slug have an effective resistance R, to cir- 
culating steady currents. The coil resistance as before 
is R, and the number of turns n. The steady flux .per 
ampere-turn is denoted by K. 

Then when a voltage V is suddenly applied to the 
coil, a flux begins to rise in the core. As in the case 
of a fast relay, this flux generates in the coil a voltage 
Opposing the battery voltage. It also generates a 
current in the slug, and the flux at any instant is that 
produced by the difference of the coil and slug ampere- 
turn values. The flux will therefore rise more slowly 
on account of the slug, and as the initial rate of flux- 
rise is lowered there will be less back e.m.f. generate 
in the coil at the instant of switching on. | 
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The current will thus have a certain initial value, 
instead of slowly building up from zero as in the case 
of a relay without a slug. The equation to the rise of 
flux is now 


t 
Flux = steady flux {1 — e (Kn*/i08R +. ETIVE | (17) 


the equation to the rise of current being 


Kn? 
. V 108R PE A 


108% * 108R, 


We thus see that there is an initial current of value 


V { 1 } 19 
R 11 + (Rg?/[R) ¡ES 2?) 

The proof of these expressions is given in Appendix II. 

The time of operation is that time in which the flux 
—not the current—will build up to the operating value. 
The cperating flux is of course KnV/(R + Rm). Sub- 
stituting this value in equation (17) and solving for ¢ 
we obtain the following formula :— | 


Kn? K R 


which only“differs"from the formula for a fast relay in 

that the time-constant has increased by the amount 

K/(108R,), which term is the time-constant for the slug. 
The formula for operating time then becomes 


t = (Te + Ta)Oe . . . . (21) 
T, = coil time-constant = Kn?/(108R) 
T, = slug time-constant = K/(108R,) 
(see Fig. 17) 
O, = operating constant (for values see Fig. 9). 


where 


Slug current—The current in the slug is initially 
n times the initial current in the coil, and dies away 
according to the exponential law 


Current = Initial current x e—*(Te+T+) 


The above expressions give rise to the graphs shown 
in Fig. 11 which depict the rise of flux and current in 
an 800-ohm relay having 10 100 turns, with a 14 in. slug. 
It must be understood that the above expressions are 
based upon the unjustifiable assumption that all the 
flux links both coil and slug. When the slug is replaced 
by a sleeve or short-circuited winding running between 
the coil and the core, these expressions are approxi- 
mately realized in practice, but not when a slug is used. 

Eddy currents in the core.—As the flux rises in the core, 
the outer layers of the latter will form a “slug” to 
the flux in the inner layers. Flux growth in the outer 
layers will not, however, be retarded to the same extent. 
A mean value for the resistance of the core to eddy 
currents can, however, be found by experiment, and the 
time-constant (7) for a fast relay should have an 
eddy-current time-constant added to it, of value 
K[(108R,), where R, is the mean resistance of the core, 
etc., to eddy currents. 

Where the time-constant of a coil is small and the 


exciting current weak, this correction may be appre- 
ciable. This suggests that where a relay has to be 
operated quickly over a junction, a quality of iron 
having high resistance should be used. The advantage 
of nickel iron for impulsing relay cores is thus explained, 
to some extent at least. 

The above method of equating the eddy-current effect 
in the core to that in an assumed sleeve is of course only 
approximate. The true phenomena are described by 
Heaviside in his “ Electrical Papers.” The solution, 
containing Bessel functions, would tend to complicate 
each of the simple expressions obtained in this paper, 
and, as the whole matter is a secondary effect, the 
simpler course has been adopted. 


(7) EFFECT or FLUX LEAKAGE ON OPERATION OF 
RELAYS WITH SLUGS. 


For a preliminary treatment of this problem it is 
essential to consider the current distribution in the 
slug to be uniform throughout its length, the current 
density in the radial direction being inversely propor- 


Due to coil current 
¿A slug " 


Due to slug current 
u» COl ... 


Resultant fluxes 


Fic. 10.—Fluxes in relay with slug after switching on. 


tional to the radius, on account of the greater resistance 
of the outer layers. The resistance of the slug may 
then be calculated by formula (11). 

The formule here developed apply strictly to the 
case where the slug consists of a short-circuited coil 
placed upon one end of the relay core, for here the 
current distribution is uniform throughout the length 
of the slug. 

Taking first the case of an armature-end slug relay, 
the flux paths are as shown in Fig. 10. There are then 
five fluxes to be taken into account, each flux being a 
mathematical quantity considered as produced by its 
own exciting current alone. 

We have :— 


(1) The main flux produced by the coil current ¿¿, of 
value ®, = Knie. 

(2) The flux which leaks out of the coil sideways, due 
to the coil current. 

(3) The flux which leaks out of the slug sideways, due 
to the coi current. 

(4) The flux through the main magnetic circuit, due 
to the slug current iş, of value O, = Kis. 

(5) The flux which leaks out of the side of the slug, 
due to the slug current. 
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Each of the above Teallasé fluxes is proportional to 
its own exciting current, and can be calculated by an 
application of the formula given in equation (4). 

As each leakage flux follows a straight-line distribu- 
tion, as explained in Appendix I, the voltage produced 
in either the slug or coil when either current changes 
may be expressed in a simple manner by means of 
factors which are constant for a given length of coil 
and slug. This amounts to determining the ‘‘ mutual 
inductance ”’ produced by leakage fluxes. 

The current in the coil may then be obtained as a 
function of the time in the form 


. F 
t= pu — 
where x and y are real negative indices of different 
1-0 


Aye — (1 — 40%) (22) 
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Fic. 11 (a).—Rise of flux and current in slow relay (leakage 


flux neglected) 14 in. slug, 800-ohm coil, 10 100 turns, 
18-mil stroke. 


value; and, as a rule, one of them is large enough to 
appear as a very transient term, the current growth, 
after a short time, proceeding in the limit according to 
the other term. The relative magnitudes of x and y 
depend upon the amount of the flux leakage; and, in 
the limit, when the leakage is zero, one term becomes a 
steady term, giving rise to the type of expression pre- 
viously developed for the case where leakage is zero 
[see equation (18)]. In other words, flux leakage is of 
most importance just after switching on. 
The equation for the rise of flux is of the form 


Flux = (Steady flux)(1 — A,e* — (1 — A,)e} (23) 


The change in A has the effect of making the rise of 
flux lag behind the rise of current, as shown in Figs. 11 (a), 
N 


11 (b), 12 and 13. It is of interest to note that the 
shape of these curves can be predicted from general 
reasoning as follows. The fact that some flux links the 
coil and not the slug is sufficient to determine that the 
coil current shall rise from zero after switching on, and 
not start at a certain initial value as in the case of a 
relay with no leakage flux. This, in turn, is sufficient 
to determine that the slug current shall also start from 
zero, to build up to a maximum and then die away. 
The equation to the slug current is of the form. 


the shape of this curve being shown in Fig. 12. 

It is significant that the same general reasoning is 
obtained by assuming in the slug a leakage flux which 
does not cut the coil. This aspect of the question is 


(24) 
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Fic. 11 (b).—Rise of flux and current in slow relay (leakage 
flux assumed 33 per cent of main flux when steady). 
14 in. slug, 800-ohm coil, 10 100 turns, 18-mil stroke. 


very similar-to that which obtains in a.c. transformer 
design, where the total leakage reactance may be referred 
either to the primary or to the secondary winding. 

The proofs of the above expressions, together with 
the methods of obtaining the various coefficients in any 
particular case, are given in Appendix ITI. 

In the case of a relay with a heel-end slug, owing to 
the different flux leakage distribution the coefficients in 
the above expression are altered, and the flux curve has 


| a much more rapid initial rate of rise as shown in Fig. 13. 


This effect can also be predicted from general reasoning 
as follows :— 

Considering that the current in the slug opposes the 
current in the coil, the tendency will be for. the flux 
generated by the coil to avoid entering the slug until 
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500hms 


Fraction of final value 


Time, in milll-seconds 


Fic, 12.—Rise of flux and current in armature-end slug relay, assuming leakage of flux. 


Heel end 


Armature 
end 


50o0hms 


Fraction of final value 


:60 
Time, in milli-seconds 


Fic. 13.—Rise of flux and current in heel-end slug relay, assuming leakage of flux. 
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the current in the latter has subsided. The coil flux 
will therefore leak out sideways and complete a circuit 
which will be local to the coil. If the latter is at the 
armature end of the core, the local circuit will contain 
the armature, and the relay will operate on the leakage 
flux, which rises rapidly. If, however, the coil is at the 
heel end of the core, the local leakage circuit will not 
contain the armature, and the relay will not operate 
until the flux has penetrated the slug or, in other 
words, until the current in the latter has largely died 
away. Such a relay will be slow to operate. 

Unfortunately, it is not readily possible to solve the 
above expressions for t, in order to obtain, in the form 
of a simple expression, the time of operation of a relay 
with a slug, and it therefore becomes necessary to deter- 
mine the several coefficients in the flux/time expressions, 
and plot these in full, to determine how long a time 
elapses before the flux has reached the operating value. 
Strictly, the expressions here quoted apply only to the 
case where the slug is a closed coil with the turns 
properly insulated, and not a mass of metal; for the 
assumption has been made that the current at any 
instant is uniform throughout the slug. Owing to the 
distributed flux leakage, this is of course not the case. 
The consideration of the non-uniformity of current 
distribution throughout the slug is dealt with in 
Section (26). 

The time of operation of a relay with a heel-end slug 
may be obtained approximately by treating the relay 
as a fast one and ignoring the slug. The reason for this 
is that, if the slug hinders the passage of flux, the relay 
closes on a leakage flux which, for a given current, is 
not so powerful as the main flux. The current, however, 
rises more rapidly when the slug is fitted, owing to the 
decreased inductance of the coil. These two effects 
tend to cancel each other. The rapid rise of leakage 
flux is shown in Fig. 11 (b). 

The time of operation of a relay with an armature 
slug may be obtained approximately by the formula 


t = (Te + T, + TpO, (25) 


which, compared with equation (21), has an additional 
term T, which may be called the leakage time-constant, 
and is of the form K,n?/(108R), where K, is a leakage 
constant for the particular length of slug. 

It is thus seen that leakage of flux renders a heel-end 
slug relay much quicker to operate than it would be if 
leakage did not exist. The effect of leakage on an 
armature-end slug relay is quite an opposite one, making 
the relay slower to operate. 

An annealed iron sleeve placed over the coil and slug 
of an armature-end slug relay, with the object of 
increasing the flux leakage, was found to produce a 
noticeable effect, prolonging the time of operation by 
15 per cent with the relay in the same adjustment. 


(8) EFFECT OF A SLEEVE ON OPERATION. 


As a copper sleeve next to the core permits of com- 
paratively little leakage of flux, the equations developed 
in Appendix II are valid; and, to find the time of 
operation of a relay with a sleeve, it is only necessary 
to add, to the ordinary coil time-constant, a sleeve 
time-constant which is given by the expression 


T, = K/(108R,), K being the usual flux constant, i.e. 
the flux for 1 ampere-turn under steady conditions, and 
R, being the resistance of the sleeve to circulating 
currents, as calculated by formula (9), viz. 
27r X 108 
¿log (DIA) 

It is of interest to see how the thickness of the sleeve 
affects the operating time of the relay 


K Kl log (D/d) 


108R, = 


(26) 


We may write log (DJd) = log {1 + (D — d)/d} and, 
where the thickness of the sleeve is small in comparison 
with its radius, log {1 + (D — d)/d} is approximately 
equal to thickness — inner radius. Then 


kl thickness 


A= 271108p % inner radius (27) 


and thus the increase in operating time is directly 
proportional to thickness and length, and inversely 
proportional to core diameter. 


(9) CALCULATION OF OPERATING TIME OF A RELAY 
WITH A SHORT-CIRCUITED WINDING. 


Here again, owing to the absence of considerable 
flux leakage, when the coils are concentric we may use 
the simple formula 


t= (Te + Ta) X Oe 


where T, is now the time-constant of the short-circuited 
winding. 

The statement that leakage flux is inconsiderable 
follows from the fact that such flux would have to 
proceed through the layers of the winding and return 
via the heelpiece. It is believed that such leakage is 
not serious, except at the moment of switching on the 
current. In other words, while the form of an oscillo- 
gram might be different from the calculation at the 
instant of switching on, and for a few milli-seconds 
afterwards, the error in operating time introduced by 
ignoring leakage entirely will not be very appreciable. 

It is required, then, to determine T, The time- 
constant of a slug is given by the formula 


K 
Ls = TR, 


developed from first principles in Appendix III. If the 
slug consists of n turns in series, the magnetizing effect 
of a given current would be n times as great as it is 
for 1 turn. Furthermore, the current in the slug being 
produced by flux change in the core, that produced in a 
slug of n turns would be n times as great as that produced 
in a slug of 1 turn, the total resistance being assumed 
to be the same in both cases. ` 

The value of T, is thus clearly T, = Kn?/(108R,), 
where R, is the resistance and n the number of turns of 
the short-circuited winding. This expression for T, is 
then the ordinary time-constant of the coil which is 
short-circuited. If the coil be not short-circuited but 
closed through a resistance, it is only necessary to 
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consider the external resistance as being added to the 


coil resistance. _ 

These results can be predicted from general reasoning 
if, in an ordinary fast relay, two opposing currents are 
assumed to flow in the winding after switching on: one, 
the full, steady value V/R, and the other an exponential 
die-away current in the opposite direction produced by 
the rising flux. 


1-0 =J 
JNJ l 
| Pey | 


Leakage inductance factors 


0:25 0:5 075 
Ratio of coll length to core length 
FiG. 14.—Values of leakage inductance factors. 


We obtain from the above reasoning the following 
general law :— 


The increase in the time of operation, due to a short- 
circuited winding, is inversely proportional to the 
resistance of the short-circuited path, and directly 
proportional to the square of the number of turns 
thereof, 


(10) ROUTINE CALCULATION OF OPERATING TIMES. 


If the time-constants of the various coils, slugs and 
sleeves are tabulated, it becomes a simple matter to 


Time, in milli-seconds 


10 20 
Values of (Stroke + residual), in mils 
Fic. 15.—Time-constants of eddy-current paths. 


calculate the operating time of any relay, given the 
winding particulars and adjustment figures. 
Cosl time-constants.—The coil time-constants are given 
by the formula 
Kn? 
O IVK 
The values of K are given in Fig. 4, and, knowing 
n and R for the coil, T, can readily be obtained. 
The leakage time-constant is (Y/3)(n?/R) for a full- 
length coil, (4/3)0(n2/R) for a short coil at the armature 
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end, and {1 — (26/3)}n4/R for a short coil at the heel 
end, as shown in Appendix I. In these expressions 
y = leakage factor, and 0 = ratio of coil to core length. 
The values of the above expressions containing @ are 
given in graphical form in Fig. 14, and thus the leakage- 
flux time-constants can readily be calculated. 
Eddy-current time-constant.—The eddy-current effect 
may be compared with that of a slug of known resistance. 
For the A.T.M. Co.'s automatic horizontal-type relay 
the appropriate figure is in the neighbourhood of 


Time, in milli-seconds 


10 20 30 
Values of (Stroke + residual), in mils 
Fic. 16.—Time-constants of a sleeve (thickness = 0-03 in.). 


60 x 10—6 ohm. The time-constant is then K/6 000 
seconds for eddy currents. This is shown in graphical 
form in Fig. 15 for various values of stroke of the relay. 

Sleeve time-constants.—The sleeve time-constant is of 
the form K/(108R,), and when a sleeve 30 mils thick is 
used R; is approximately 10-04 x 10-6 ohm. Fig. 16. 
shows the values of the sleeve time-constant for various 
strokes. 


Time, in milli-seconds 
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10 20 30 
Values of (Stroke + residual), in mils 
Fic. 17.—Time-constants of various slugs. 


Slug time-constants.—The slug time-constant is of the 
form K/[(108R,) and the following table shows the values 


' 


Length Resistance 
in. ohm 
v1 6-246 x 10-6 
1 4-29 x 1078 
1} 3-44 x 10-6 
14 2-863 x 10-6 
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of R, for slugs of various lengths having internal and 
external diameters 0-4 in. and 1-0 in. respectively. 

Fig. 17 shows in graphical form the time-constants 
of the various slugs for different values of stroke. A 
few -examples will make clear the methods of using 
these graphs. 


EXAMPLES OF OPERATING CALCULATIONS. 
Example (1).—Time of operation of a fast relay. 

Data.—Coil resistance 400 ohms with 10600 turns. 
Residual gap, 9 mils. Stroke, 6 mils. To operate in 
series with 3 100 ohms at 46 volts. 

Method.—Add together the main time-constant, the 
leakage time-constant and the eddy-current time- 
constant to form a total time-constant. Multiply this 
by the operating constant. 

With a stroke and residual gap equal to 15 mils, we 
have K = 16 from Fig. 4. Then 


n2 _ (10600)? 


poate = 2 
IR 4 x 1010 ec 
Kn? 
and Te = ion = 46-5 milli-secs. 
Ta, (from Fig. a = 2-65 milli-secs. 
T, leakage time-constant from + = 8-7 milli-secs. 


3 TOR 
.. total time-constant = 57-85 milli-seconds. 


The value of R/R,, is 400/3 100 = 0-129, and thus 
from Fig. 9 the operating constant of the relay is 
approximately 0-1211. 

The time of operation is then 57°85 x 0-1211 
= 7-0 milli-seconds. 

Experimental values = 5 to 63. 


Example (2).—Operating time of a sleeve relay. 

Data.—A 400-ohm relay with 10000 turns has a 
sleeve of thickness 0-03 in. next to the core. With a 
stroke of 10 mils and residual 3 mils, the relay operates 
in series with 3 000 ohms at 50 volts. 

Method.—Add to the main and eddy-current time- 
constants the sleeve time-constant and proceed as for a 
fast relay. 


n2 
R” 0: 0025 
K = 17 
Te = 42:5 milli-seconds 
Pa = 2-8 milli-seconds (from Fig. 15) 
T, = 17 milli-seconds (from Fig. 16) 


Total time-constant 
milli-seconds. 

With leakage (8 milli-seconds) the total time-constant 
= 70-3 milli-seconds. 

Operating constant found from the graph in Fig. 9 
for R/R,, = 400/3 000 is 0-1248. 

Time of operation = 70-3 x 0°1248 = 8-78 milli- 
seconds. 

Experimental value = 8 milli-seconds. 


Example (3).—Time of operation of a relay with a short- 
circuited winding. 

Data.—A relay with an operating winding of 300 ohms 

and 4 800 turns has a short-circuited winding of 200 ohms 


(apart from leakage) = 62-3 


and 6 100 turns next to the core. ‘The stroke is 18 mils 
and residual 14 mils, the relay operating in series with 
1 050 ohms at 50 volts. 

Method.—Add together the time-constants of the 
coils, the eddy-current and leakage time-constants, to 
form a total time-constant. Multiply this by the 
operating constant. 


Milli-seconds 
Operating coil time-constant = Kni = 10-98 
pe & ~ 108x300 
Short-circuited coil time-constant = Kng = 26-8 
ne = 108x200 
Eddy-current time-constant g .. = 2-4 
Leakage time-constants :— 
For first coil : ni = 2-3 
3" 108 x 300 — 
For second coil À nz = 5-62 
= "* 3° 108 x 200 
Total time-constant se .. =48-1 


Operating constant = 0-28. 
Time of operation = 13-4 milli-seconds. 
Experimental value = 16:5 milli-seconds. 


Example (4).—Time of operation of armature slug relay 
(approximate only). . 

Data.—A relay with a 1700-ohm coil has a I} in. 
slug at the armature end. There are 15000 turns on 
the coil and the relay operates in series with 600 ohms 
on 46 volts. 

Stroke = 18 mils, residual gap = 0. 

Method.—Add together the eddy-current, the coil, 
the slug and the leakage time-constants to obtain 
the total time-constant. Multiply by the operating 
constant. 


2-4 milli-seconds 
18-9 milli-seconds 
50-0 milli-seconds 

8-7 milli-seconds 
80-0 milli-seconds 


Eddy-current time-constant 

Time-constant for coil 

Slug time-constant.. 

Leakage time-constant .. 
Total time-constant .. 


Operating constant for R/R,, = 1 700/600 is 1:3437 
from Fig. 9. 

Time of operation = 107-5 milli-seconds. 

Experiment indicates this to be of the right order, 
times ranging from 140 to 160 milli-seconds. The large 
error here can only be avoided by using the complete 
Heaviside functions as shown in Appendix XIV. 

It will be noticed that the time-constant for the coil 
is low, although it has a large number of turns; its 
resistance also is high, and on account of the insulation 
and ‘‘ space factor effect ”” it would appear desirable to 
use a lower-resistance coil of the same fullness, though 
more current would be used and the relay would be 
slower to release, while the gain would hardly justify 
the trouble. 


Example (5).—Time of operation of a heel-end slug relay 
(approximate only). 


Data.—An 800-ohm relay has 10100 turns and a 
14 in. slug at the heel end. It is adjusted to operate in 
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series with 2 500.ohms at 46 volts. Stroke = 18 mils, 
residual gap = 0. 

Method.—Neglect the slug and proceed as for a fast 
relay, whether the slug is either a long or a short one. 

This course is quite justifiable where the spring tension 
is light and the relay operates on the initial, almost 
straight, portion of the flux-rise curve. In such a case, 
any increase in reluctance of the magnetic circuit will 
not increase the operating time very appreciably, for, 
while the current has to build up to a larger value, the 
rate of rise is more rapid. 

The presence of a slug, by preventing some of the 
flux from passing through it, has momentarily much 
the same effect as an increase in the reluctance of the 
magnetic circuit. A heel-end slug will not therefore 
appreciably delay operation, solely on account of flux 
leakage through the walls of the slug and coil. 

In this particular example we have, from Fig. 4, 


K = 14-7 
- Therefore = = 18-7 milli-seconds 
TOR ~ a 
Leakage for 1 in. armature end coil = 1-53 milli-secs, 
Eddy-current time-constant .. = 2-45 milli-secs. 
Total time-constant .. . = 22-68 milli-secs. 


R[Ri is 800/2500, and the operating constant is 
then 0:2776. 
Time of operation 


= 6:27 milli-seconds. 
Experimental value = 7 


milli-seconds. 


(11) RELEASE Times or Fast RELAYS. 


Apart from armature inertia, the only cause which 
can give a fast relay a definite time of release other 
than zero is the presence of eddy currents in masses of 
metal linked by the flux, holding the relay. 

As explained i in the Section dealing with ‘‘ Operation: 
the core is its own “‘ slug ” to some extent, though the 
complete laws of the decay of flux under such conditions 
are intricate. A good approximation may be made by 
assuming the paths of all eddy currents to link the 
whole of the flux, and taking a resultant value for the 
resistance of these paths in their entirety. The problem 
then becomes simple. It is only required to know the 
time taken for a flux to decay from one known value 
(viz. the steady value) to another known value (the 
release value), in order to predict the time of release of 
the relay. 

If it is further assumed that saturation of the iron 
does not occur, the flux is given by 


® = KN 


where K is the flux constant used in operating-time 
calculations, i.e. the flux for 1 ampere-turn. Under 
these conditions the flux at any instant, t seconds after 
switching off, is given by 


O = (Initial flux) x e~“T , (28) 
where T is the eddy-current time-constant given by 
K/(108R,), R, being the resultant resistance of the 
eddy-current paths. This formula gives the law by 
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which the flux dies away, and is represented graphically 
in Fig. 18. It will be seen that the flux- dies away 
rapidly at first and less rapidly as time goes on, the 
law being that the rate of decay of flux at any instant 
is sufficient to produce such an e.m.f. as will cause the 
necessary eddy currents to flow, to provide that.flux. 

The formula given‘ above may be rearranged as 
follows :— 

initial flux 


aie release flux 


Then, apart from saturation, 
t= Tlg. (29)* 
Uy 


where 2, = initial steady current, 
ty = release current. 


1-0 


Fraction of initial value 


2 4 
Time, in milli- seconds 


Fic, 18 (a). —Exponential decay of flux in impulse 
relay. 


This form is convenient, as any residual magnetism 
may be neglected, owing to 2, being an actual releasing 
current and representing the total release flux, minus 
the residual fiux. 

If saturation occurs, the analysis is not quite so 
simple, and as this is quite a possible case in practice, 
owing to the big initial current and small operated 
residual gaps, it is necessary to consider it in detail. 
As, in general, no law can be deduced for the shape of 
B-H curves, it is necessary to develop a graphical 
method of analysis for this problem. The method 


* For proof see Appendix IV. 
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worked out in Section (15) results in the following 


formula :— 
Initial N 
1 dOJdN 
= 108R, | —y WN . ° e 
Nr 
where N, = release ampere-turns, 
t = time of release, 


R, = resistance of slug, 
® = flux. 


The graphical process which this formula represents 
is as follows :— 

Take the flux ampere-turn curve for the particular 
residual gap concerned, and divide the slope of the 
curve by the value of the ampere-turns for several 
points, step by step, and plot a new curve, using these 
values as ordinates with ampere-turns as abscissz. 


INES 


(39) 


Fraction of initial value 


0-2 
0 


0 40 
Time, in milll- seconds 
Fic. 18 (b).—Exponential decay of flux in slow relay. 


This curve must be integrated—e.g. with a planimeter— 
and a new curve may then be plotted for reference, or 
else the planimeter may be used for every problem. 

The release time is given by the difference between 
two specific areas, multiplied by the value 1/(108R,), 
where R; is the resistance of all eddy-current paths, etc. 
The two areas are those bounded by the initial and 
releasing ampere-turn values respectively. 

The physical effect of saturation on a release time 
is that, in accordance with the general law quoted 
above, the slug and eddy currents have to be of sufficient 
magnitude to provide the saturation flux; in other 
words, the currents corresponding to a given flux have 
to be larger than they would if saturation were absent. 
As all eddy currents are produced by the decay of a 
flux, the rate of decay is greater the higher the degree 
of saturation of the iron. It thus appears that when 
saturation occurs there can be little gain in releasing 
time, by raising the ampere-turns even to a value which 
results in a considerable increase of flux. This fact is 
amply supported experimentally. 


Another useful generalization may now be made, on 
account of the fact that the rate of decay of flux is 
independent of the previous history of the flux, at any 
rate apart from “‘ remanence ” effects. Approximately, 
therefore, the reduction in releasing time by so adjusting 
a relay that the release current is larger is independent 
of the initial ampere-turns. This means that curves of 
the type shown in Fig. 23 will all be of the same shape 
for a given relay whatever the buffer load, this affecting 
merely the height of the graph above the datum line. 


(12) RELEASE OF SLEEVE RELAYS. 


In this case, the formula developed for the release 
of fast relays merely has to be extended as follows :— 


_f K K is 
+, } e (7) sE 80) 


where 7, = steady current and 7, = release current, in 
which it will be recognized that K/(108R,) and K/(109R,) 
are the eddy-current and sleeve time-constants respec- 
tively, as used for the operation of relays. 

The values of log (ifi) for various ratios of 7, to 7, are 
given in Fig. 19. 


23 


Values of log (¿;/¿ 


Values E t5/t> 
Fic. 19.—Values of release constant, X. 


The simplified general formula for the release times 
of relays is then 


t= (Te + T) x X . 


where T, = eddy-current time-constant, 
T, = sleeve time-constant, 
X = release constant, 


(32) 


K K 
T= Top, e T= 108; 


Where saturation occurs, K log (ifi) may of course be 


replaced by the general integral 


N 


f daN 
(13)] RELEASE or SLUG RELAYS (ELEMENTARY 
TREATMENT). 


When the current in the coil is switched off, a current 
begins to flow in the slug. This current, of maximum 
value initially, steadily decays, being generated by a 
decaying flux the rate of decay of which also diminishes. 

As the decaying flux is not now generated by the 
coil, but by the slug, the distribution of flux will, in 
general, alter. The alteration will be twofold: first 
any fluxes produced by the coil which did not cut the 
slug will decay very rapidly, being retarded only by. 
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eddy currents in the iron. Thus the main flux will 
drop rapidly, on switching off, to a certain reduced 
value, represented by that fraction of the total flux 
which linked the slug. This accounts for the voltage 
surge which such a coil can produce. 

The flux through the slug will of course decay expo- 
nentially, but, being controlled by a slug current, it 
will not take the same distribution through space that 
it did when it was controlled by a current in the coil. 

The position of the slug on the relay core will thus 
have an important effect on the release time of the 
relay. 

Consider a relay with a heel-end slug. There will be 
the main flux and some leakage flux as shown in Fig. 20. 
When the current is switched off the coil, the flux will 
take a distribution shown by the dotted lines in Fig. 20, 
and thus, when the current in. the slug has fallen to a 
value which is more than enough to provide a flux equal 
to the retaining flux, the relay may yet release, on 


st a a WM Coit | 


ti = 
Heel slug 


Current in coil 


ce za | 
i 22 4 


JEN 
MH 


Heel slug 
Current in slug 
Fic, 20.—Flux distribution during release of relay with 
slug. 


Before switching off (Gi 


After u “ 


account of the fact that some of the fiux produced does 
not go near the armature. The formula then becomes 


t= (Tea, + Ta) 108 (=>) (33) 
Hèr 

where yz is the ratio of the releasing current in a coil 

mounted in the slug position, to the release current 

in a coil mounted in the coil position. 

Values of p are most easily obtained by experiment. 
In general y is less than unity for an armature-end, and 
greater than unity for a heel-end, slug relay (see Fig. 20). 
The observed difference between the release times of 
these two classes of relays is thus explained. > 

The saturation effect can of course be taken into 
account in this treatment of the problem, as in the case 
of a sleeve. 


(14) SHORT-CIRCUITED WINDINGS AS AFFECTING 
RELEASE. 
The short-circuited winding has a time-constant given 
by Ty = Kn*/(108R) as for operation; and, as the 
winding acts as a sleeve, the sleeve formula 


t= (Des, + Ta) 10g (=) 


becomes applicable. 
The value of 7, depends of course on K, n? and R. 
We thus see that there is considerable gain in release 
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time in increasing n?/R; and, as this fraction denotes 
the space occupied by the short-circuited winding, it 
follows that the “ slowing ” effect is greater the larger 
the amount of space devoted to the slowing winding. 
Further, for a given value of resistance, the slowing 
effect is proportional to the square of the number of 
turns. 

It is, of course, bad practice to use the outer winding 
for slowing, as n#/R is less, space for space, than in the 
case of the inner winding. 

There is one effect in all release problems which 
has great significance, viz. the effect on the release 
time of introducing residual gap into the relay. The 
residual gap governs the value of K immediately, but 
it also affects the actual release current, and thus 
the effect on the relay is twofold. The great import- 
ance of a sufficiently small residual gap in obtaining a 
long release time will therefore be apparent. It is 
for these reasons that additional zinc plating on the 
iron parts of a slow-release relay is so detrimental. 


(15) RouTINE METHODS oF CALCULATING RELEASE 
TIMES. 


For the calculation of the release times of fast relays 
the effective resistance of the eddy-current path must 
be known. As the calculation of this is difficult, and 
as the relations between the fluxes in the various parts 
of the metal masses are obscure, it is more satisfactory 
to take an empirical figure for this quantity. This 
amounts to replacing the actual decay curve of the 
flux, by the particular exponential curve which most 
closely resembles it. 

For the A.T.M. Co.’s automatic horizontal-type relay, 
a value of 60 x 10-8 ohm seems to be fairly suitable 
for eddy-current paths. This gives the value of the 
eddy-current time-constant as K/6 000, which results in 
the graph shown in Fig. 15. 

Where saturation of the iron takes place in the steady 
state, the calculation of release time should be‘carried 
out graphically as follows. From the differential 
equation 

dD /dt 
— 108R, 
db ıı 
N 108R, 

1  dO/JdN 

1R, N 


Initial N 
1 | adja iy 
~ IØR, 


dt = 


or dt = dN 


whence 


The conclusion to be reached is that a curve of 
release time plotted against initial ampere-turns for a 
given spring load will therefore have a straight, steep 
portion gradually turning over on to a nearly fiat 
portion, and that the same type of curve for a smaller 
spring load will have an identical shape but will appear 
lower down on the paper. The position and resultant 
“ efficiency ” of the slug must be taken into account 
when using this, as with the simpler formula. 
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The numerical value of the efficiency I/y of a heel-end 
slug is approximately 0-6 to 0-75. 


EXAMPLES OF RELEASE CALCULATIONS. 
Example (1).—Release of a fast relay. 


Data.—A 400-ohm relay working on 50 volts has a 
release current of 94 mA. Residual gap = 9 mils. ' 

Method.—For 9 mils (from Fig. 15) Tea, = 3-2 milli- 
seconds. 

The steady current at 50 volts is 


50 
y 1 
Then me 
tp Of 


and from Fig. 19 the value of the release constant is 2-6. 


Time of release = Te, X X 
= 3-2 x 2-6 = 8-3 milli-seconds. 
Experimental value = 7 to 9$ milli-seconds. 


Example (2).—Release of a sleeve relay. 


Data.—A 200-ohm relay with a 30-mil copper sleeve 
has a release current of 12mA and normally operates 
in series with a 210-ohm relay on a 50-volt circuit. 
Residual gap = 3 mils. 


Tea, (from Fig. 15) = 4-05 
T, (from Fig. 16) = 25 


Here 
and 


Release constant, X, for 
îs 60 x 1 000/410 
tp 12 


is 2-3, from Fig. 19. 
Then the time of release 


= 10-18 


= (Tea. + Ts) X (release constant) 
= 29-05 x 2-3 = 67 milli-seconds. 


Actually, owing to saturation, which would be con- 
siderable with this coil, the release time would be of 
the order of half the above calculated value. For a 
given release flux, i.e. for any stated spring load, 
there will be a maximum release time with any one 
size of slug or sleeve. This value can be obtained by 
the methods outlined in Example (4). 


Example (3).—Release of a relay with copper slug (neglect- 
sng saturation of core, etc.). 


Data.—An 800-ohm relay with a 14 in. copper slug 
at the heel end has zero residual gap. 
Release current for the relay = 24 mA. 


Method. 


Here T, = 104 milli-seconds (from Fig. 17) 
Tea, = 5 milli-seconds (from Fig. 15) 


Total = 109 milli-seconds. 
Now as the copper slug only occupies part of the 


core—not the part occupied by the coil—it is necessary 
to introduce u. 


Assume p = 1:25, which is quite probable from 


experiment. 
t, _ 50 x 1000/80 20 
ui 24x 1-25 


Release constant from Fig. 19 = 3-1. 

Time of release = 109 x 3-1 = 338 milli-seconds. 

Experiment gives only 240 milli-seconds. 

This treatment neglects the effect of saturation of the 
iron core, etc. This must now be considered, as it has 
great significance. 


Example (4).—Effect of saturation on release time. 


Data.—As for the previous problem, but considering 
the effect of saturation of the core. 

Method.—Required to plot a curve showing release 
time for various values of ampere-turns. 

The flux/ampere-turn curve for a relay with zero 
residual gap is shown in Fig. 3. When the slope at 


Values of (¢6/aV)-+-MH for zero residual 


40 
Ampere-turns, Y 
Fic. 21.—Graph of release function. 


every ordinate of: this curve is divided by the cor- 
tesponding value of the ampere-turns, the curve shown 
d®/dN , 

N 

When this curve is integrated, the curve shown in 
Fig. 22 is obtained. 


The value of 


in Fig. 21 results, i.e. 


1 l 
10°R,, | 10R, 
ampere-turns for release will be given from the release 
current (24 mA) multiplied by u and by the number of 
thousands of turns on the coil = 24 x 1:25 x 10 
= 31-25. 

Then for an initial value of 200 ampere-turns release 
time = 0-0035 multiplied by the area between N = 200 
and N = 31:25 in Fig. 22, i.e. 0:0035 x (55-5) = 195 
milli-seconds. 

Repeating this process for different values of ampere- 
turns we obtain the curves shown in Fig. 23, in which 
curve (c) indicates a case where saturation is ignored 
for comparison. 


is 0:0035 and the 
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Example (5).—Release of relay with a short-circuited 
winding. 
Data.—A relay with a 200-ohm short-circuited winding 
- of 6 100 turns releases with 9 mA flowing through its 
300-ohm operating winding. 1t operates on a 50-volt 
supply and has 14 mils residual gap. 
Ma O ho ocicaitod 
108R — 10% x. 200 
winding, and K = 26-5 for 14 mils residual gap, 


T, = 49-2 milli-seconds 
T. = 4:4 (from Fig. 15). 


and, as the release constant = 2°35, 


Time of release = 53-6 x 2-83 = 151 milli-seconds. 
Experimental value = 160 milli-seconds. 


60 


Values of / [(ad/av)+H] aN 
aN : 
© 


20 


00 400 
Ampere-turns, V 
Fic. 22.—Integral of curve shown in Fig. 21. 


(16) IMPULSE RELAYS (GENERAL). 


The methods which have been developed for calcu- 
lating the operating times and release times of various 
relays can be applied to the solution of impulsing 
problems. 

The question of impulsing resolves itself, in the last 
analysis, into a question of time of operation and 
release, when different external conditions are introduced 
into the operating circuit of the relay, i.e. the line. 
Considered in its broadest aspects, impulsing consists 
in releasing and operating a relay a given number of 
times by opening and closing a distant contact. The 
<ontacts of the impulse relay are required so to control 
local circuits that the apparatus dependent on them 
may function without risk of failure. 

The ratio of the time for which a contact is made, 
to the total time of a make and a break, is often termed 
the ‘‘impulse ratio” of the contact. The time of 
operation of the relay, the time of release, and the 
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“ transit ” times of contacts are then the quantities 
which decide the relationship which holds between the 
impulse ratio supplied to the relay and that delivered 
by its contacts. 

In general, let 


0 = “ make” impulse ratio at the contacts 
operating the relay, $ 

S = number of pulses per second, 

tọ = time of operation, 

ty = forward transit time, 

t = backward transit time, 

t = time of release, 


Releasing curren 
“Assuming saturati 


Release time, in milli-seconds 


600 


200 400 
Ampere-turns, V 
Fic. 23.—Release times of slow relays. 
1} in. heel-slug relay (10 000 turns); OS currents = 2, 2} and 


Then the time for which the contacts of the relay 
are closed = (0/8) + tr — tọ — ty. 


“ Make ” contact ratio = 0 + S(t, — ty — ty) . (34) 
“ Break ” contact ratio= 1 — 9 + S(t) — ty — tẹ) (35) 
Lost ratio between contacts = S(ts + t) . . (36) 


We therefore deduce two rules of great practical 
importance :— 

(1) Change of dial ratio.—A change of dial ratio from 
p to q results in the “ make ” ratio at the relay contacts 
being diminished by (p-q) and the “ break” contact 
ratio being augmeñted by (p-q), provided that the 
change of dial ratio does not .alter the operating, 
release or transit times of the relay. 

(2) Effect of change in dial speed.—The difference 
between the “ make” contact ratio at the relay and 
that of the sending dial is strictly proportional to dial 
speed, and would be nil for infinitely slow sending, 
provided that the change of dial ratio does not affect 
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the “ functioning ” times of the relays, i.e. the operating, 
release and transit times. 

This is not true where the flux is still rising rapidly 
at the end of the ‘‘ make” period. In such a case, 
the release time will be much affected by any change 
in impulse speed, or ratio, and thus the conditions will 
devjate from those required for the application of the 
above statements. 

The two generalizations made are, however, nearly 
true throughout a wide range, and lead to two conclu- 
sions of great practical importance :— 


(2) The most severe testing condition is that produced 
by a fast, and not a slow, train of impulses. 

(b) Any deviation from a given standard of the 
impulse ratio supplied to a relay will result in 
a rather larger deviation of impulse ratio at 
the contacts, from that obtained under the 
standard conditions. 


Operating time, in milli-seconds 


The time of operation is then altered to 


Kn2 K R+1I\. 
oa Foc, EFD + mz] log (2 PR = i (37) 


From this equation three things may be predicted :—- 


(1) As the external resistance (2) approaches the 
operating resistance of the relay (Rm) the time 
of operation becomes very long. 

(2) The effect on the operating time of placing a 
moderate amount of resistance in series with a 
relay will be small, provided the relay operates 
on a small fraction of its normal current. 

(3) The effect of eddy currents on the operating time 
is relatively far greater when considerable 
external resistance is added to the relay. 


These results are borne out by practice and are of © 


great importance in impulsing. 


200 ohms 


Loop res. 
Dial P 
= 46V 


200 ohms ee 


1600 
Resistance of loop, ohms 
Fic, 24.—Operation of an impulse relay over an ohmic loop. 


As the whole question of impulsing is one of operating 
and release times, the effect upon these of varying 
line conditions will be investigated. 


(17) OPERATING TIME OF ANY RELAY WITH EXTERNAL 
RESISTANCE IN THE CIRCUIT. 


The operating time of a relay is given in Section (10) 
by the equation 

Kn? K R 
e + na) og ( a z) 


The external resistance which it is proposed to add 
may be considered as part of the coil. Obviously, 
however, the addition of such resistance would lower 
the amount which would have to be placed in circuit 
to enable the relay just to operate—called R,, in the 
equations. ` 


t= 


The curve shown in Fig. 24, plotted from the above 
equation, shows how the operating time of an impulse 
relay varies with the ohmic resistance of the line over 
which it is operated. 


(18) RELEASE TIME OF A RELAY WITH EXTERNAL 
A 
RESISTANCE IN THE CIRCUIT. 


Neglecting saturation, the release time of a fast relay 
is given by the equation 


= resistance of eddy-current paths, 
tẹ = Initial current, 
ip = releasing current. 
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Now where the relay has resistance R and operates | time of operation of a relay under these circumstances 


on a voltage V in a circuit of external resistance I this 


equation becomes 


t= n lo á 
— 108Roy len) 


200 ohms 


e 


- — 2000hms + 


Time, in milli-seconds 


1000 2 000 3000 
Resistance of loop, ohms 
Fic. 25.—Release of an impulse relay over an ohmic loop. 


From this equation it will be seen that the effect of 
external resistance is to reduce the release time of a 
relay. 

The effect is shown in Fig. 25 which indicates the 
variation in release time of an impulse relay when the 
resistance of the line varies. 


Zeroloop 


Relay-operatin 
2000hms de 3100 0hms) 


Operating time, in milli-seconds 


50000 20000 


. 10000 . 
esistance of leak, in ohms 


is given by the equation 
Kn? K R /(1— R sd 
t= (==4+ — = 
nT 50877) log 1 E El IFR )} 


This equation shows that line leakage decreases the 
time of operation of the relay in the proportion 


R /(1— R . R 
log{ 1 la)? : 1 { =} 
eit ae etl + x 
where R = resistance of relay coil, ` 


Rm = operating resistance of relay, 
l = value of leakage, in ohms. 


The time of operation is. of course zero when the 
leakage is of the same value as the normal operating 
resistance of the relay, ie. l = Rm, the relay being 
always operated. 

Fig. 26 shows the effect on the operating time (for 
an impulse relay) of a leakage across a line of zero 
length. 


(20) EFFECT oF A LEAK ON THE RELEASE TIME OF A 
RELAY. 


The general effect of a non-inductive resistance in 
parallel with a relay is discussed in Section (14), where 


FIG. 26,—Effect of a leak on the line on the operating time of an impulse relay. 


” (19) EFFECT oF CURRENT LEAKAGE ON THE TIME OF 
OPERATION OF ANY RELAY. 

Consider a relay as shown in Fig. 26. The time of 
operation will be reduced by the presence of the leak, 
as some of the flux has already built up before the relay 
operating contact closes. It can be shown that the 


it is shown that the release time is longer the lower the 
resistance of the shunt. 

Should the leak be so placed in the circuit that 
the battery tends to send a leakage current through 
the relay in its unoperated condition, the release 


* See Appendix V. 
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of the relay will be further retarded, as shown in 


Appendix VI. 
The equation to the time of release is then 


+ ype pos (==) 


{ Fa o 


2000hms 


t={ = 
~~ | 108Rog, 


= 2000hms 
200chms 


Release time, in milli-seconds 


leak, the added time of release will approximately be 
inversely proportional to the latter. 


The term log (7 e) represents the effect of the 
l 


battery current which fiows through the leak tending 
to retain the relay. 


Dram — 


Resistance of leak, in ohms 


Fic. 27 (a).—Release of an impulse relay on a leaky line. 


Theoretical values for release time (pure shunt effect and 


actual leakage). 
Release current = 11'5 mA; zero loop; 46 volts; K == 18; eddy-path resistance= 60 x 1076 ohm. 


Fraction of initia! value 


0 10 


3 


. 


Time, in milli-seconds 


Fic. 27 (b).—Decay of flux in an impulse relay on a leaky line. 


where K = flux per ampere-turn (as usual), 
n = number of turns on coil, ) 
Rea. = resistance of eddy-current paths, 
l = leakage across lines, in ohms, 
% = release current of relay, 
tẹ = initial current in relay, 


4, = steady current through leak = V/(R + J). 


The term represents the additional time 


Kn? 
10°(R +7) 
of release consequent upon the inductive discharge of 
the relay finding a path through the leak. If the coil 
resistance is small compared with the resistance of the 


When the leak is of high resistance, the increased 
time of release of the relay is inversely proportional to 
the value of the same, as shown in Appendix VI, but 
when the value of the leak becomes great, enabling a 
current to flow which is of the same order as the release 


current of the relay, the value of the term log (=) 
— e 


becomes very large and the time of release is lengthened 
enormously. 

These effects are shown in Figs. 27 (a, b, o), which 
have been plotted from the above equations. 

The ‘‘ responsibility ” for providing ampere-turns 
during decay of the flux is shared between the eddy 
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currents and the coil current; and the current in the 
coil and leakage path is to the eddy currents in pro- 
portion to the quotients of the turns and path resist- 
ances. This indicates that the current in an impulse 
relay coil with a leak on the line decays almost instantly 
to the final value, i.e. that which normally flows through 
the leakage path. 

Study along this line indicates an ‘ open-circuit ” 


40 
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2000hms 


Time, in milli-seconds 
N 
© 


oo o o © © Q © 
oo © © © © © © 
ao © © © © © © 
oo 00 
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N et ow 
Resistance of leak, in ohms 
FiG.—27 (c).—Release time of impulse relay on a leaky 
line (experimental values). 


voltage of approximately 720 when an impulse relay 
on zero loop has its circuit opened, except where a 
condenser is fitted across the dial springs. 


(21) EFFECT oF A CONDENSER ACROSS CONTACTS 
RELEASING A RELAY. 


The condenser can of course have no influence on 
the time of operation of the relay except when a previous 


200 ohms 


Loop 
yea 


Relay inductance 16H 


ndenser 24F 


Current 


impulse has not quite died out, but will prolong the 
release as, at the moment of opening the contacts, the 
condenser is discharged. The Kelvin equation for 
the decay of current in the relay is then 


This equation gives a curve for decay of current of 
the shape shown in Fig. 28, where the eddy currents in 
the core have been ignored, and it will be seen that the. 
rate of decay is small—much smaller than is indicated 
by oscillograms. This is, of course, only to be expected. 

Neglecting eddy currents in the relay, it is only 
necessary to plot this curve and determine the time 
taken by the current to die down to the release value 
in order to obtain the time of release of the relay. 

Eddy currents have, however, a considerable effect, 
as they “ damp ” the free oscillation of the current and 
may, if they predominate, help to hold the relay. 

The equation to.the decay of flux under these con- 
ditions is given by 


1 


== ROTA 


eR (2L") 


cos za = ra) -à 


where R' is not the actual resistance of the winding of 
the relay but is R + KC/(108R,), and the inductance L 
is replaced by the value L + KR/(108R,). In both 
these equations any external circuit resistance may be 
considered to be an increase of R. This equation gives 
the curve shown in Fig. 29 for the decay of flux under 
these conditions. i 

The above two equations are developed in Appendices 
VII and VIII respectively. 


¿100256 '** cos [1764 £- 4°3"] 


1:043 e co 


s [169-5¢-16°35'] 


Fic. 28.—Decay of current in impulse relay with condenser at dial, assuming no eddy currents in relay. 
Zero loop and 1 200-ohm loop. 
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The current “leads” on the flux curve when eddy 


currents are present, and thus the time of release of © 


the relay is greater than that indicated by a study of 
an impulse oscillogram. This effect can be seen very 
clearly in Fig. 29. The curves probably show insufficient 
damping, owing to the fact that saturation of the core 
and hysteresis losses have both been neglected in 
developing the equations. 

These curves are of interest in elucidating the decay 
of flux and current in an impulse relay. It is also 
possible to determine from them the maximum voltage 
across the dial during impulsing. The charge on the 
condenser is given by the area under the current curve 
directly in coulombs. This charge divided by the 
capacity of the condenser in farads gives the voltage 
across the condenser. The maximum voltage will 
occur on “'zero” line at the moment the current 
reaches zero for the first time. This voltage is of the 
order of 250 volts with a 2 uF condenser at the dial. 

As the damping effect of hysteresis has been neglected 


Fraction of initial value 
o 
cn 


Time, in 
milli-seconds 


Fic. 29.—Decay of flux and current in an impulse relay 
with a condenser across the dial (assuming eddy currents 
in relay core). 


in deriving the equation to the decay of current in the 
relay, this figure must of necessity be too high. The 
experimental value is approximately 190 volts. 


(22) EFFECT oF LINE LEAKAGE WHEN A CONDENSER IS 
USED ACROSS THE IMPULSING SPRINGS. 


Here the leakage has a complicated effect; for, while 
it enables a retaining current to flow, causing the relay 
to tend to hold, it also reduces the peak voltage across 
the condenser. Owing to the oscillation produced by 
the condenser, the relay will still have approximately 
the same release time with a small or moderate leak 
as with none, for the reverse period of the oscillation 
will cancel the retaining current flowing through the 
leak. As the leak increases, however, it tends to make 
the circuit non-oscillatory and a point is reached where 
the circuit is not sufficiently oscillatory to open the 
relay, and a longer time of release results. 

As the chief effect of leakage in a cable is to delay 
the release of the impulsing relay, the use of a condenser 
is very beneficial—rendering the time of release more 


independent of leakage. There is a limit, however, to 
the amount of leakage permissible, as indicated above, 
and when this value is exceeded the relay takes a long 
time to release, and faulty stepping of apparatus results. 

The above theory is corroborated in practice by the 
fact that a condenser of sufficient size across a dial 
renders a relay able to impulse, even when the line has 
a sufficient leak to retain the relay altogether when the 
condenser is not used. 

Appendix IX indicates the method of ascertaining 
the release time of a relay under the conditions of 
leakage and condenser across the line, and the following 
equation is derived for the decay of current :— 


AA A eee 
- R+ \R R+UyYy[1—R?C/(4D)] 


al] 


—R't](2L) 


where R’ = R + LiCl), 
-_ gf _*_ 
o = ol a | 


l = resistance of leak, 
C = capacity of condenser, 
R = resistance of relay, 
L = inductance of relay, 
V = applied voltage. 


When eddy currents in the relay core are taken into 


account, the conditions are different again, the decay 


of flux being given by the following expression :— 


1 
VIL — (ROL) 


cos Re — 2 = a| 


where ®, = steady initial flux = KnV/R, 
@, = steady final flux due to leakage 


D = 0, + (0, — D) —RUJeLn 


po KR 
T 108R 

AS: A 

(1 + (F/D) 

; K R L 

ES eR! + 3) + a 
— = eddy-current time-constant. 
8 


Fig. 30 shows the curve corresponding to this equation 
for the relay just described. 


(28) APPLICATION OF THE ABOVE THEORIES TO 
IMPULSING PROBLEMS. 


The problems of impulsing are simply concerned with 
the delay period which elapses between the operation 
of the dial or impulse springs and those of the relay. 
The foregoing equations giving these times in terms of 
the relay constants, exchange voltage and line charac- 
teristics, enable any simple relay impulsing problem to 
be solved. 

The lines over which the impulsing is done must be 
electrically short enough for the capacity and leakage 
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to be considered as concentrated at one point if the 
formule previously developed for operating and releasing 
times are to be true. Where this is not the case the 
problem ceases to be simple and becomes a type of 
telegraph problem. 

The following observations and deductions drawn 
from the preceding formule are of interest in delineating 
the main phenomena of impulsing over “ short ” lines, 


—-- 


Fraction of initial value 


200 ohms 


approximate as the time between contacts (‘‘ transit 
time ”) has been taken as zero or assumed to be 
constant. These transit times have not been considered 
mathematically as yet, for there are three effects which 
need to be incorporated in the formule, viz. the gain 
in spring pressure as the armature moves towards 
the core; the gain in pull, due to the increased flux, as 
the main air-gap grows smaller; and the effect of the 


ohms 


Fic, 30.—Decay of flux in an impulse relay on a leaky line with a condenser across the dial. 


In general, a relay having ‘equal operating and 
release times will repeat, almost faithfully, the impulses 
supplied to it. 

A high voltage, as it speeds up operation and delays 
release, will cause the “ make” period delivered by 
such a relay to be greater than that supplied to it by 
the dial. 
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Fic. 31.—Contact ratios for impulse relay on loop. 


In general, any resistance between the impulse relay 
and the subscriber’s dial has an effect similar to that of 
a reduction in voltage. 

Fig. 31 shows the effect of introducing resistance into 
the subscriber’s loop in this way. The effect of leakage, 
and also the effect of a condenser in nullifying the 
leakage, are shown in Fig. 32. These curves have been 
worked out as shown in Appendix X and are only 


increased flux in its generation of a voltage in the relay 
coil, i.e. “ motional impedance.” 

In general, however, the time of movement of the 
armature is governed by the rate of rise of flux at the 
moment of operation, or rate of fall at the moment of 
release, as the case may be. It follows that the make 
“ transit” time is greater and the break transit time 
shorter the longer the line, and vice versa the greater 
the leakage. A line possessing considerable leakage in 
addition to high resistance will, however, cause both 
operating and releasing transit times to be large. These 
effects are ignored in Fig. 33. 

The fundamental impulsing circuit used in Strowger 
type systems is shown in Fig. 34, where the impulse 
relay holds a slow guard relay over its “ make ” contact 
and operates a switch magnet over its back contact 
during impulsing. 

The conditions governing the holding of slow relays 
during impulsing are discussed in the next section, but 
in general, for any given impulsing speed, the “ make ” 
contact ratio of the impulsing relay must not fall below 
a certain minimum value for satisfactory holding of the 
slow relay ; and the back contact ratio of the impulsing 
relay must lie between such limits as will give satis- 
factory operation of the magnet. 

The impulse ratio at the relay contacts may be 
calculated from a knowledge of the line characteristics 
and dial speed as shown in Appendix X. 

In general it will be seen that increased length of 
line causes the slow relay to receive less current and 
the magnet more, leakage between lines having the 
opposite effect. 

On lines devoid of considerable leakage the addition 
of a big condenser, e.g. 2 uF, across the dial—or con- 
nected in any way such that the inductive discharge 
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from the relay finds a capacity path—has the effect of 
prolonging the release time of the relay and thus gives 
the slow relay a longer ‘‘ make” period at each impulse. 
A small condenser may, however, speed up the release. 
The bigger the value of the condenser the greater 
the magnitude of the change. This effect of a condenser 
can be compensated for by reducing the ‘‘ make” 


“Make contact ratio 
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used in the impulsing circuit. The time of release of a 
relay with a condenser depends on the capacity and 
inductance values. It is thus possible that manufac- 
turing variations, by introducing different inductance 
values, might give rise to considerable differences in the 
releasing times of different samples of a relay. A large 
residual gap tends to obviate this trouble. 
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Fic. 32.—Effect of line leakage on impulsing. 


impulse ratio of the dial. On lines having considerable 
leakage, however, the condenser may actually hasten 
the release of the impulse relay at the end of each 
impulse, and thus counteract to some extent the adverse 
effect on the impulse produced by the leakage. In 
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Flux leakage in the relay, and tts effect on impulsing.— 
Where the relay is unoperated or, though operated, has 
a large residual gap, considerable flux leakage may 
occur near the armature end of the core, as explained in 
Appendix I. 


This flux, while not contributing to the 
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Fic, 33.—Fluxes and line currents during impulsing. 


short, the condenser tends to stabilize the release time 
of a relay. 

Systems employing a condenser across the dial may 
therefore be expected to have greater line limits than 
those without. 

From a study of the above curves it will be seen that 
the release time of an impulse relay is greatly affected 
by the line characteristics, except where a condenser is 


“* pull,” adds inductance to the relay and so has a 
detrimental effect on the impulsing, delaying the rise 
of main flux on all lines and the decay of flux on leaky 
and capacitative lines. A certain gain would therefore 
be indicated by opening up the magnet circuit at the 
heel end of the relay. The ratio (useful flux/inductance) 
would be increased. 

The above analysis indicates the chief phenomena 
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encountered in impulsing problems, and shows that any 
leakage on a long line tends to some extent to counteract 
the length of the line. A curious effect is, however, 
noticeable here. The transit time of a relay working 
on such a line is excessive. This may be appreciated 
from the statement that the transit time is governed 
by the rate of change of the flux rise, or slope of the 
flux rise and fall curves. A long line gives a long 
“make ” transit time, and heavy leakage gives a long 
release transit time. If a condenser is added, however, 
the release transit time is much shorter. This is in 
accordance with the shapes of the curves of flux rise 
and fall which have been obtained mathematically. 

It would appear that a thin moving spring in the relay 
would shorten transit times, but a heavy spring tends 


Impulse 
relay 


Guard 
relay 


Dial 
Line 


iy 


Fic. 34.—Strowger impulsing circuit. 


to give less ‘‘ bounce ”’ and may be expected to be more 
reliable in operation. 


(24) REPEATING PROBLEMS, 


In large areas, tandem working is of course a frequent 
condition. As the apparatus in the tandem office must 
be returned to normal at the end of a call, a supervisory 
relay must be included. In the early development a 
series relay was employed for this purpose, but most 
of the more modern circuits have a transmission relay 
bridged across the line. These and other considerations 
give rise to the type of circuit shown in Fig. 35, where 
the transmission relay repeats to the apparatus ahead 
the impulses received by it. 

There are then two cases to be considered :— 


(a) That in which the repeater is individual to an 
outgoing cable pair, but may be seized by one 
of a group of incoming cables. 

(b) That in which the repeater is individual to an 
incoming cable pair, but may be required to 
send impulses out over any one of a group of 
outgoing cables. 


64 ee 


Such repeaters are termed “outgoing” and “ in- 
_ coming ” respectively. In either case, as each repeater 

is individual to a junction, it may be given an adjust- 
ment depending on the characteristics of that particular 
junction. 

In general, the use of outgoing repeaters results in 
fewer impulse repetitions and fewer repeaters in any 
given area, as compared with incoming repeaters. 

The use of condensers, by giving the circuits a fixed 
oscillation period, may render the time of release of the 


repeating relay largely independent of the- length of 
impulse supplied. 

A chain of repeaters may then repeat the original 
impulse without distortion throughout a considerable 
range of initial impulse ratio. There will, however, be 
a phase displacement of the impulse at each repeater, 
owing to the times of operation and release of the relay 
repeating the impulses. 
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Fic. 35.—Circuit diagram for impulsing through tandem 
exchanges. 


_In applying these timing theories to repeating circuits, 
therefore, each circuit must be considered separately, 
and the rise and decay of current and flux determined. 
This work is outside the scope of the present paper. 

Voltage variation, by speeding the operation of the 
repeating relay, has the effect of varying the impulse 
delivered by a repeater, the effect through a train of 
repeaters being a cumulative one. The equations 


hitherto developed may readily be extended to cover 
repeating problems, but this subject is one worthy of 
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Fic. 36.—Flux-changes in series relays during impulsing. 


special consideration. The theory is briefly outlined in 
Appendix XII. 


(25) RELAYS HOLDING DURING IMPULSES. 
There are two cases which arise in practice :— 


(1) A relay must operate on the first impulse of a 
series in spite of a slug or sleeve, and hold 
throughout the series because of the slug or 
sleeve. 

(2) A relay already operated must not release when 
the circuit is broken for a train of impulses. 
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Condition (1) is the more severe, and, as this repre- 
sents the conditions of the series or shunt relay operating 
in conjunction with the switch magnet, while con- 
dition (2) represents the conditions of the slow guard 
relay, the dial must be arranged to give a longer ‘‘ break ” 
than “ make” period—from 30 to 40 per cent make 
being usual, 

Case (1). Operation on first impulse.—Fig. 36 shows 
the form of flux/time curve for a relay having a slug or 
sleeve and being supplied with a series of impulses. 

At the first impulse, the flux rises rapidly to a larger 
value than is necessary to operate the relay, which 
therefore operates during the impulse. When the end 
oí the impulse occurs, the flux decreases until the 
beginning of the next impulse. As at the beginning of 
the second impulse there is already some flux in the 
core, the flux will rise to a higher value at the end of 
the second impulse than it had at the end of the first. 
The “ saw-tooth ' curve therefore gets higher with 

successive impulses, the danger point being at the end 


Fraction of initial flux 


below the release flux line, the relay will hold for any 
number of impulses. The mathematical treatment of 
this case is given in Appendix XIII where it is shown 
that the lower limit of flux during continuous impulsing 
is (a — ab)/(1 — ab) of the initial flux, where a and b 
are factors depending on the length of slug, winding 
particulars, impulse speed and impulse ratio. 

In Fig. 37, b is approximately 0-533 and a = 0-9, 
which gives the low limit as approximately 10 per cent 
of the initial flux. This expression indicates that a 
good average relay could hold on about 11 per cent at 
14 steps per second. 

The leakage flux in a guard relay enables it to operate 
very quickly, as shown elsewhere, but this flux must 
mitigate to some extent’ the holding power of the relay 
under impulsing. This follows from the consideration 
that flux which does not cut the slug does not last very 
long after the circuit is opened at the beginning of each 
impulse, whereas it does delay the rise of flux at the 
end of an impulse. 
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Fic. 37.—Flux-changes in guard relay during impulsing. 


of the first impulse. 
here, not later. | 

On account of the logarithmic nature of the flux rise 
and decay curves, there will be a stable condition, 
reached theoretically after an infinite train of impulses, 
where the gain during the impulse period equals the loss 
during the “ break ” period. 

The conditions for absence of chattering are given in 
Appendix XIII. 

The superiority of a relay having a short-circuited 
winding closed by a ‘‘ make ” contact, over a relay with 
a slug, lies in the fact that here the rate of rise of flux 
before operation is very great. The early part of the 
curve is therefore considerably raised, and there is much 
less chance of the relay chattering on the first impulse. 

Case (2). The relay, already operated, has its circuit 
broken by the impulses.—Fig. 37 shows the flux/time 
curve for this case. Here the risk of release will be 
greatest at the end of the train of impulses and not at 
the beginning. These relays will, after a time, reach a 
stable condition and, if the impulse ratio required is 
sufficient to provide such a stable condition that the 
lower points of the “ saw-tooth ” curve do not fall 


If the relay chatters, it will be 


It is felt that a relay with a thick copper sleeve of 
equivalent electrical resistance would give better im- 
pulsing results than the usual slug. 


(26) HEAVISIDE EXPANSION THEOREM APPLIED TO THE 
RISE OF FLUX IN A RELAY. 


In the foregoing treatment of the rise and fall of 
flux in a relay fitted with a slug, the assumption has 
been made that the instantaneous current in the slug 
is uniform throughout its length. As there is leakage 
of flux from the core through the slug to the heelpiece, 
this assumption is known to be incorrect, and in 
an attempt to evolve a more far-reaching theory the 
following analogy was obtained :—In a magnetic circuit 
the various magnetic quantities—ampere-turns, reluc- 
tance, flux and leakage—may be compared with the 
electrical quantities in a corresponding electrical circuit, 
viz. voltage, resistance, current and leakance. The one 
additional analogue which enables relay problems to be 
attacked by well-known electrical methods is the com- 
parison of the properties of a slug in a magnetic circuit 
with those of an inductance in an electrical circuit. 

The electrical property of inductance is contained in 
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the equation E = — L(di/dt), which means that induct- 
ance causes a back voltage proportional to a change of 
current through it. When the flux through a slug 
changes, an e.m.f. is generated in the slug which produces 
dP/dt 
108R, 
then an amount of ampere-turns given by the equation 


a current of magnitude This current represents 


As N represents magnetic voltage and @ magnetic 
current, the expression 1/(108R,) represents magnetic 
inductance. 

A slug therefore represents distributed ‘‘ magnetic 
inductance ” along the core of a relay. 


Relay 
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Fic. 38.—Transmission-line analogy of rise of flux in a relay 
with a slug. 


The conclusion to be obtained from the above reasoning 
is that a relay may be considered to be a magnetic 
transmission line, the core and heelpiece forming the 
lines, the armature air-gap constituting the closing 
resistance at one end, and the zinc plating that at the 
other. The line will possess slight resistance, consider- 
able leakage and a distributed inductance, depending 
on the slugs and sleeves fitted. 

One difficulty immediately presents itself; that is, 


that the current in the coil of a relay does not build up ` 


to its full value immediately, i.e. the voltage is not 
suddenly switched on. In order to take account of this 
factor, it is only necessary to imagine the current in a 
relay coil to consist of two parts, one the full, steady 
value, and another, a transient value, in the reverse 
direction and produced by the rising flux. 

The precise modification introduced into the equiva- 
lent transmission line is that an inductance must be 
added to represent the slugging action of the coil. 

The problem of the operation of a relay with a slug 
is then represented by the telegraph problem of the 
rise of current in a line having resistance, leakance and 


=. Impressed ampere-tums=Y 


inductance, and apparatus containing resistance and 
inductance (see Fig. 38). 

The method of applying this theory is outlined in 
Appendix XIV. 

The transformation from magnetic to electrical 
symbols here suggested is of great value in simplifying 
relay problems where two coils are concerned. In 
developing the theories outlined previously in this 
paper the method has not been used, in order to avoid 
confusion of thought between two different sets of 
symbols. 

It will be seen that most of the formule for flux-rise, 
etc., can be written down at sight by employing this 
method, and it is felt that in developing a theory of 
operation of the shunt field relay this transformation 
would greatly simplify the work. Study along these 
lines suggests that this relay depends for success on 
saturation of the iron cores. 


Fic. 39.—Rimington-Maxwell inductance bridge. 


(27) PRACTICAL MEASUREMENTS. 


Measurement of veluctance of magnetic circuit of a 
yelay.—The reluctance of the magnetic circuit is defined 
when K is known in the equation 


Flux = KN. 


With a coil of n turns, and no slug or eddy currents 
in adjacent metal masses, K is related to the induct- 
ance L by the equation 


L= Kn?]108. 


If L be measured on an a.c. bridge the value obtained 
will depend on the frequency and will not in general 
be defined by the above relation. Thus K cannot be 
determined in this manner. 

A form of d.c. inductance bridge which measures the 
above quantity is the Rimington-Maxwell bridge (see 
Fig. 39). Such a bridge measures Kn?/108 even when 
a slug or sleeve is present. The proof of this is given 
in Appendix XV. 

The inductance measurement is thus unaffected by 
the presence of a slug. 
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It is felt that practical measurements are most 
necessary to check, and if necessary revise, the values 
of K obtained by calculation. The correct value of the 
leakage coefficient Y should also be obtained by experi- 
ment. 

With correct constants it is felt that the formule 
developed in this paper would give fairly accurate 
results. The values of K given in Fig. 4 are believed 
to be too high, and the value 10 for Y too low. This 
would explain certain discrepancies between calculation 
and experiment. 

Time measurements.—The use of a condenser and 
resistance in series for the measurement of small time 
intervals is very convenient for relay work, as the 
condenser circuit can be opened and closed by relay 
contacts. Fig. 40 shows a circuit arranged for deter- 
mining the time of operation of a relay, i.e. from the 
closing of the coil circuit to the opening of the back 
contact of the relay. 


Fic. 40.—Typical resistance-capacity circuit for relay timing. 


If the final voltage across the condenser is v, the 
time of operation of the relay is given by the expression 


t)» 
— v 


(28) CONCLUSION. 


The author hopes that the work outlined in the 
paper, although very incomplete, provides some intro- 
duction to a very interesting field. 

He would like to thank the management of the 
Automatic Telephone Manufacturing Co. for permission 
to publish details of the company’s relays. His personal 
thanks are also due to Mr. H. H. Harrison, Member, for 
his kindly interest and encouragement; and also to 


t = OR log, ( = 


Mr. T. R. Rayner, in conversation with whom many of . 


the ideas set forth in this paper have been evolved. 
The Appendices which -follow contain the proofs of 
most of the formule used in the paper. 


APPENDIX I. 


DERIVATION OF LEAKAGE FLUX LAWS AND LEAKAGE 
INDUCTANCE VALUES. 


In practice, flux leakage is chiefly important in 
operating problems, and as the ratio of main air-gap to 
stroke is considerable in a relay about to operate, an 
assumption may be made which greatly simplifies the 
calculation. This is that the stroke gap constitutes the 
chief reluctance in the circuit. 


* See Appendix XVI, 


Then at the heel end of the relay no flux will leak, 
and, further, the tendency to leak will be greater the 
nearer the armature is approached. It is most difficult 
to consider all possible paths taken by the flux, and as 
most of the leakage is due to the proximity of the 
heelpiece, the reluctance of the space between the core 
and the latter must be ascertained. 

Let this reluctance be so expressed that the flux 
which would leak across the space, under the influence 
of an exciting current, is given by the expression 
© = uN, the whole of the ampere-turns being assumed 
to act in producing the flux. will then be a * leakage 
constant ” for a given shape of relay. 

Take the case of the leakage produced by a full coil 
of N ampere-turns. The ampere-turns between the 
heel end and a point distant x therefrom will be Nzxfd, 
where d is the length of the core and heelpiece. The 
intensity of leakage flux is thus proportional to the 
distance from the heel end of the relay. 

The amount of flux in the core due to leakage will 
of course be the integral of the leakage “ intensity,” 
starting at the armature end. 

Total flux at x) from heel end 


zad 


The amount of flux in the core due to leakage thus 
follows a parabolic law. Should this flux rise or fall it 
will generate an e.m.f. in the coil. — 

Suppose the coil to be a heel-end one of length ôd. 
Then the e.m.f. generated is.the integral of the e.m.f.'s 
generated in each element, and thisis, where n = number 
of turns, 


= 6d = 6d 
n | aN $01, ade _ | (dN/dtjynd oS a8 
108 | de ral 3 2 x 108 ld 3a 
0 > E-=0 
, Om? . 
That is, E.M.F. = 3x] gt 
_ oy 
and Inductance = 3% F 


This formula gives the inductance due to leakage of 
flux in the part of the core covered by the coil. That 
in the other part of the core is 


La — On? 


Total inductance for a heel-end coil 


1 ald 


IPU 3 
For an armature-end coil of length Ud we have 


2 
Leakage inductance = Yon 
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There is then one other problem of importance, 
viz. the voltage induced in a coil on one part of the 
core when a current changes in an adjacent coil. 

The total leakage flux produced in an armature-end 


coil of length 61 is ¿04N. 
Change of flux = $6ybn, . difdt 
Np di 
E.M.F. in heel-end coil = $04 ae E 


where nz and na = numbers of turns on heel- and 
armature-end coils respectively. 

The e.m.f. induced in an armature-end coil by a 
current in a heel-end coil (0) will be the sum of the 
e.m.f.'s induced in each element 


di 
= Iall — Ona; 


In other words, the e.m.f. induced in a neighbouring 
coil on account of leakage is the product of the rate of 
decay of current, number of turns on the coils, the 
factor Y, 4 x 1078, and the fraction of the core length 
occupied by the armature-end coil. 

Actually, of course, the above formule are not quite 
realized in practice on account of the reluctance of the 
core heelpiece and heel-end plating gap. 

The complete expressions are more difficult to evaluate, 
but the above represents a fair approximation to the 
truth in the case of relays in the unoperated position 
where leakage has most significance. 

The meaning of these formulz is given below. 

The leakage flux augments the self-inductance and 
mutual inductances of coils as follows :— 


Heel-end coil :— 
Additional inductance = Y 1 (1 =e 
~ 7408 3 
Armatuye-end coil :— | 
Additional inductance = yb n? 
3 108 
Mutual inductance :— 


Additional inductance — Me X 2¥(1 — 0) 


108 


where § = fraction of core occupied by heel-end coil. 

The numerical value of Y may be obtained by 
approximation as follows :— 

The core may be replaced by a bar of iron with a 
flat face presented to the heelpiece. The flux may 
then be assumed to be uniformly distributed over the face 
of the heelpiece and side of the core. 

Such considerations indicate a value of 8 to 10 for us, 
but as leakage flux through the air as well as via the 
heelpiece should be taken into account, this value is 
probably too low. 


APPENDIX II. 


RIsE OF FLUX IN A RELAY WITH A SLUG, ASSUMING 
NO LEAKAGE OF FLUX THROUGH THE WALLS OF 
THE SLUG. 


eae e.m.f.'s in the winding we have 
nd@/dt 


V = Ri + ~- 
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As the flux is produced by the algebraic sum of the 
coil and ‘slug ampere-turns, we have 


D = Kni — Ki, 
but 7, = ae , for the slug current is generated by the 
8 
changing flux. 
Combining these equations we have 
KdO/dt 
Kni = Ò + —_— IR, 
. © | dOfdt 
whence i= Kn + IRn 
y= RO RO Hadja RdO/dt nd@/dt 
Kn ' 108Rn ' 108 — 
Knv K Kn2\d® 
Therefore Sa = O + (soem + TOR) ar 
Kn VJR is the steady flux. Let this be called ®,. 
Kn? K \d® 
Then D= P + oz lor 


Solving this we obtain 
t 
®@=90) 1—e (BATIR FEOT | 


Hence the time to operate is 


t= (a+ ig) ee (2 +3) 


The equation to the rise of flux in a coil with a slug 
is different from that in the case where there is no 
slug, only in that the time-constant becomes larger by 
an amount K/(108R,), which may be called the slug 
time-constant. 

We now turn back to obtain the equation to the rise 
of current. 


“sap K d® 
m= 2 + TOR, at 
Dd = O,(1 — e-ti?) 
d® = Fee yr 
de 
Ta — e—tjT tIT 
Kni = id e + ERE" ) 
pa io — e-t + -n EJE" ur) 
We thus see that there is an initial current 
; (K/108R,) | 
ti = sl (KaR) + (K/108R,) 
i 1 


i i, 1 + RJB) 
Fig. 11 (a) has been obtained from these equations. 
[Compare Fig. 11 (b) for the effect of flux leakage. ] 

For a slug of zero resistance the coil current is imme- 
diately as large as the steady value, and the slug current 
is infinite. 
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For a slug of infinite resistance, i.e. no slug at all, 
the coil current rises steadily from zero, while the slug 
current is zero, aS would be expected from general 
reasoning. 

In considering the effect of eddy currents in the core 
of a relay it has been assumed that they may be replaced 
by those in a copper sleeve of appropriate thickness. 
This assumption is incorrect, as the flux will first rise 
in the outer layers of the core when a current is switched 
on, and will remain longest in the centre of the core 
when current is switched off the relay. 

The thickness of a sleeve which is to replace core 
eddy currents will thus be a variable quantity. This 
means that a form of equation quite different from 
those developed above would be necessary to express 
the truth. In order to avoid undue complication, 
however, the assumption has been made that the eddy 
currents in the iron are replaced by those which would 
flow in a sleeve. 

The method of obtaining the thickness of the sleeve 
is to time a fast relay and interpret its release time as 
being due to the theoretical ‘‘ sleeve” instead of to 
eddy currents. This assumption is believed to be a 
good approximation to the truth for most relay-timing 
purposes. It has been used throughout this paper. 


APPENDIX III. 


RISE Or FLUX AND CURRENT IN A RELAY WITH A 
SLUG, ASSUMING LEAKAGE OF FLUX THROUGH THE 
WALLS THEREOF. (PRELIMINARY TREATMENT.) 


In this incomplete treatment the current distribution 
throughout the slug is assumed to be uniform. This 
means that the equations here given apply properly to 
a centre-cheek relay with one coil used as a slug. Even 
when a copper slug is used, however, the actual error 
in timing due to the above assumption is believed to 
be fairly small, except in the case of relays with long 
armature-end slugs. 

A more far-reaching theory is given in Appendix XIX. 

It is advisable, for convenience, to denote the total 
inductance of the coil of the relay under consideration 
by the symbol L, the inductance of the slug by L, and 
the mutual inductance by M. 

The coil and slug resistances are respectively called 
R and R, The applied voltage is V. 

M, L and L, include leakage-flux terms as shown in 
Appendix I, from which it will be seen that flux leakage 
is the factor which gives rise to variations in the 
inductance of a coil according to its position on the 
core of the relay. 

Considering the coil voltages, we may write 


; dt dt, 
Considering voltages in the slug 
; di di 
R,i, + Lr -M370 . . (39) 
di Rg, , Ly dis 
a Td += Un cc” (40) 


By differentiating (38) we obtain 


di _d% di, | 
0=R + Lo Maa (41) 

Then, substituting from (40), we have 
RR i, + RL,di,fdt | LR,di,fdt + LLa, |d? 
A A ee ee 

M M 
— Mei Jd? = 
RR, RL, + LR,\d, LL, pa 
it (i + Gr Ja 
. di 
~. (BR,)i, + (RL, + RL)! + (LL, ~ mao =0 
(GE ee Ga a RL di, ay tele RR,. =0 
RR, RR,/ dl AF RRT 
Now L[R = T, the coil time-constant, 
LAR, = T,, the slug time-constant, 
M è M LL, 

d = 
ia RE, LI * RR, tes 
where k = coupling coefficient. Then 

TT (1 — woe + (Zp + TISE+ 1 =0 


Solving this differential equation we obtain 
= Aet — Aeft 
where a and £ are roots of the equation 


TT ,(1 — ja? + (T, + Tje+1=0 


Therefore 
e (To + T's) F VJ UT. RE Ty? + 41°T Te] 
2T T (1 — k) 
and B ee: (To + T ,) = y [To = Te)? + 4k®T Te) 


27,.T,(1 — k?) 
In order to obtain the rise and fall of current in the 


slug it is only necessary to determine the coefficient A. 
This may be done as follows :— 


As =p. 


di R, 


q= ul” ae + Aer — “taper 


Integrating, we have 


R L; 
i = (S f+ af) dest — (a Lo ai) Act + constant 


aM M pu" 
When ¢=0, 2¿= 
¿=0w, i= VJR 
Then 
y R, LAA R A 
co Sy ( arr“ - (5 E } 
ae aa mt m)vja" 
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When + = 0, main flux per ampere-turn = 8 (approx.). We then 
ae y R, L, a R, L, 7 have to add leakage effects. 
—R + (33 ES = ~~ (= T a) Inductance of coil = 2 + 0-33 = 2-33 henrys 
Inductance of slug = 2 + 1-33 = 3-33 henrys 
VIR V M af ji 
a. = 2: Mutual inductance = 2+ 0:5 = 2-5 henrys 
(RBM) — (RJaM) R` E, (a — B) > ad 
Therefore the coil current y/ (LLa) = Or Approx 
= — 108 
R L z 
(14 e mate pa 
R, Coefficient A = — 0:5 approx. 


ap E L, 3 
+ sem} 
Rs(a — R,(a — B) B 
We thus have the following equations for the currents 


and main flux :— 


Coil current 


+ lame AG 


Slug current = VII LES ağ Bin 


T,) ont | 


— eft) 


Main flux = K (difference between ampere-turns pro- 
duced by above currents). 

R = resistance of coil on to which battery is switched. 

a, B are functions of time-constants of coils and the 
coupling coefficient. 

k = coupling coefficient, i.e. M/4/(LL,). 

T, = time-constant of coil on to which battery is 
switched = L/R. 

T, = time-constant of short-circuited coil = L/R,- 

A case of interest is that in which two identical coils 

of equal self-inductance are used. Here 


1 1 
ma-a PS mari 


This immediately locates the responsibility for the 
differences between the laws of growth of current in a 
relay with two windings concentric, and one with the 
two adjacent windings placed end to end. The difference 
lies in the closeness of coupling, i.e. in the value of k. 

All the relay phenomena with two coils in use can 
be considered from the theory of mutual inductance. 
It is well known that the voltage induced in one coil by 
a change of current in the otMer is independent of which 
coil is the primary and which the secondary. 

It then follows that, on introducing an e.m.f. into 
one coil—as for instance by switching a battery on— 
and measuring the current in the other (short-circuited) 
coil, and repeating the experiment with the coils inter- 
changed, the induced current in the short-circuited coil 
will be unchanged. It is felt that this statement needs 
no formal proof, but such proof is here provided by the 
equations which have already been developed. The 
proof lies in the symmetry of the slug-current formula. 

The case of a relay with a centre cheek is here worked 
out in full. 

Data.—No. of turns on each coil = 5000. Resistance 
of each coil = 50 ohms. 

With the armature in the open position we have 


VoL. 66. 


a= — 


Slug current = F (0- 5e~ 9-8 — 0-54e— 1082) 
Coil current = Ža — 0°618e—108 — 0-382e—9- 8) 


Flux fully linking both coils may be considered to be 
proportional to the difference of the above currents, i.e. 


Za — 0-078e—108 — 0- 998e— 98t) 


The above are cited as typical cases. The resistance 
(50 ohms) chosen, however, was inconsistent with the 
number of turns assumed on the coil (5 000) with the 
usual size of coil. The graphs are shown in Figs. 12 
and 13. 


APPENDIX IV. 


Laws oF FLUX-DECAY. 


The fundamental statement upon which the following 
formule are based is that a magnetic flux cannot exist 
—apart from residual magnetism—without an exciting 
current. Then, also, when all battery currents have 
been switcheu off, the exciting current can only be 
generated by the fall of flux. 


Let K = flux for 1 ampere-turn, 
R = resistance of the slug, 
ts = Slug current, 

@ = flux at any instant, 
OQ, = steady initial flux, 
O, = releasing flux. 


Then @ = Ki 
_ dQ/a: 
——108R, 
K dağ dd 
Da or = ts 


Solving, we have 


0 = De tT: 


This gives the law of flux-decay, i.e. an exponential one. 
The relay will release when Ọ = 0, 


D,/D, = eT: and log (®,/O,) = — t/T, 
or t = T, log (®,/®,) 
Now, apart from saturation of the iron in the relay, 
OD, = Kni, and 0, = Eni 
`. t = T, log (ilir) 
25 


374 TURNEY : THE PRINCIPLES OF 


If several slugs are fitted, T, is the sum of the time- 
constants of the individual slugs. The time-constants 
are precisely those used in relay-operating problems. 

In all problems of release involving slugs the position 
of the slug has some influence, for when the armature 
is close to the core the reluctance of the plating gap 
at the heel end of the core is not negligible, and some 
leakage flux therefore occurs near this point. Thus a 
coil at the armature end is more efficient than a slug 
at the heel end. 

Release currents are of course measured in the 
coil, and should therefore be multiplied by a factor, 
as it is the “slug release current” which should 
appear in the formule. This factor may be defined as 
the release current for a coil in the slug position 
divided by the release current for a coil in the coil 
position, and so may be measured experimentally. In 
the equations it is termed p. 


APPENDIX V. 


OPERATING TIME OF A RELAY CLOSED OVER A LEAKY 
JUNCTION CIRCUIT. 


Let n = number of turns on the relay, 
K = flux per ampere-turn, 
Rpm = resistance in series with which relay will 
operate. 


Then, neglecting eddy currents in the relay core, the 
differential equation for a relay on a leaky circuit must 
be the same as that for a relay on a circuit free from 
leakage. This statement requires no formal proof, such 
proof being on the lines shown in Appendix IV, 

It is then the initial conditions which are different, 
and we have 


i = AeHMT + 0 
when t=0, += VR +1) 
t = 0, i= VJR. 
== e—tiT 
hence , 4 A (z —)e } 


Solving for t we have 
T 
mad 
- F "S {1+ des G + FE J 
Thus leakage reduces the time of operation approxi- 
mately in the ratio 
“\R+1 
We may now consider the same problem with eddy 


currents in the relay core; in this case it is flux and 
not current that we are interested in. We have as the 


differential pi 
Kn? K \d® 
Eng = D + (on T OAF 
or D, = © + Tddjat 
where O, = steady final flux, 


T = total time-constant for the relay, 
@, = flux produced by steady leakage current. 
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The solution of this is 
O = A — Be? 
where A and B are constants of integration determined 
by initial conditions. 
When i=o, Ọ = Q,. Z 
-.A=0, 
When ¿=0, ® = È, 
.Q¿=0,—B and B=0,- 0, 
. O = O, — (0, — Ope-!1T 
If the operating flux = Op, then 
D,- 0 


. °°" 
Dd, a =) 

D, i D, 
mos (1+ 9) 

E VIR + Rm) — VR +2) 
= Plog {1 + (VIR) — VIE + En } 


= ries + (BIE) 


Thus the only difference in the time of operation is 
that the coil time-constant must now include the eddy. 
current term, as usual. The effect of a certain leak 
thus reduces the time of operation, in the same ratio, 
when eddy currents are present. Fig. 26 has been 
plotted from these equations. 


t= T log ( 


APPENDIX VI. 


RELEASE OF A RELAY ON A LEAKY LINE. 


The leak allows a retaining current to flow, as well 
as provides a path for the inductive discharge of the 
relay. 

There are then three things maintaining the flux :— 


(1) Eddy currents ; 

(2) Current through the leak, circulated by the 
battery ; 

(3) Current through the leak, circulated by the in- 
ductive voltage ; 


or mathematically, using the symbols hitherto employed, 


Kd@/dt KVn | Knd@jdt 
b= + 4+ 
. 18R, R+1 R+1 
aad K Pi Kn? 
108R, R+, 
Solving the differential equation we obtain 
| KVn 
sad —t/T 
Rol + Ae 
when ¢= 0, O = , (the rl value). 
A= Dd, — n = 5 == Dd, — Dd, 


.Q= Dd, + (D, = Dpe-17 


N 
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For release we have O = Q,. 
as d, = Dd, + (D, =: D)e—tiT 


Fig. 27 shows the form of the decay curve for this 
case. Solving for t we have 


» 


T being the time-constant. 


K + lo t] 
=| song, 108( de q — | og; ( E Ea 


The curve (a) in Fig. 27(a), plotted from this equa- 
tion, shows that leakage prolongs release in two ways. 

The term Kn?/[108(R + 2)] indicates that the flux 
decays much more slowly than usual on account of the 
“ non-inductive shunt ” effect of the leakage. 

The term (čt — 2,)/(2, — i) instead of 2/2, as in the 
case of a relay without a leak, shows the effect of the 
battery in retaining the relay; this becomes large as 
4; approaches ip. 

The above equations for the operation of a relay and 
its release, on a leaky line, may be extended to the 
case of a junction of considerable resistance by writing 
R + Rj for R, and Ry — Rj for Ry, where Rj = resist- 
ance of junction, provided that the leak is of such a 
high resistance in comparison with the relay and line 
resistances that the whole leak may be assumed to be 
concentrated at the dialling end of the line. 


APPENDIX VII. 


RELEASE OF A RELAY SHUNTED BY A CONDENSER 
(KELVIN’s EQUATION). 


First, assuming no eddy currents in the relay, let the 


inductance be L, i.e. Kn*/108, Then the differential 
equation of voltages is 


di ee Ffa 
Differentiating, we obtain 


_ g” RË hit 
0 = L- t RS uae de 


Let + = emt 


then a 


zN i- 51 


If 1/(LC) is greater than R?/(4L?) the term under the 
root is irrational; mathematically, this means that the 
current can only be expressed using sines and cosines ; 
electrically, it means that the circuit is oscillatory. 

Let m = p + q and p — q, q being irrational. 


from which m = — 


Then i= Tato +a + Belp—at} 


Now ¿+= 0 when t =œ, and i = V/R when t= 0, 
therefore A + B= 1. 


The condenser may be assumed to be a path of zero 
resistance at the moment of opening the dial springs, 
and hence difdt = 0 when ¢ = 0. | 


2g 
= (2) 
2q 
oo a (A ep-ot eee ein +a1) 
RX 2 2q 
V aP tI- PT ) 
R (P 2q 2q g 
As q is imaginary, let it equal jg’, where 7 = 4/(— 1). 
V p ; : E 
= —evil — (e-ja t — ejg't eat 4. eja't 
i= al Sele ) + Het + oe | 
= Tar — a sin qg’t + cos q) 
pla” 
Let —2— = sinA 
1+ p?lg? 


A = arc tan (p/q’) 


As p is negative, A is negative. 


oo NO + Pao cos (q’t + A) 


1 
—_g— Rt(2L) E t 

Va E cos [ y Lo” 22) e+ 

[)- 

This standard expression elucidates the decay of 
current in the case where a condenser is placed across 
the dialling springs, and it aes the following equations 
in typical cases :— 

With impulse relay of 400-ohm resistance, inductance 
of 12 henrys, and 2 pF condenser across subscriber’s line. 


_ ov 
'=R 


Subscriber's line Equation to decay 
resistance (t is in milli-seconds) 
“0 LN 00348—0-0168% 11-96¢°—43°) 
(x00) s Cog 
400 (55)! -0136e—0-088 cos (11-84¢°-94°) 
V 
pa) Obs 11-63¢°-14}° 
800 (3 50 3) -0815¢ cos ( po) 
1200 -> (Te a 058 e—0:066 cos (11-34¢°-19°) 
V 
— 0: 08332 10: 954°—24° 
1 600 es z000) -095 e | cos ( ) 
V 
= le~0 1t 10- 46t°-29}° 
2 000 (sz)! 1471e=0'1 cos (10- 46¢°-29}°) 
V 
— 1-338¢ - 086-4030 
2 800 ña 720)" -3206€ cos (9- 086-403”) 


The graphs corresponding to zero and 1 200-ohm loop 
are shown in Fig. 28. 
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APPENDIX VIII. 


INTRODUCED BY EDDY CURRENTS IN 
THE RELAY CORE. 
Eddy currents in the core have hitherto been neglected. 


These exercise a profound influence on the decay of the 
flux and must now be taken into account. As in 


MODIFICATION 


previous cases, the eddy currents are assumed to follow 7 


the same paths and have the same relative magnitudes 
in each path throughout the transition. This enables 
their effect to be described by assuming a closed 
secondary circuit to link the relay. This assumption 
is believed to give a fair degree of approximation. 

Let R, = resistance of eddy-current path. 

We are now interested in flux changes. 


, K dd 
A TT ET 
K a® 
DE, ar 
mo Kn 
n dd o If. 
V = ip a t t GA 
on dy , ED R ajdt y 
— 10° dt ' Kn ' 10Rm = * olan 108Rn” 
dl PD R dd R 
~ 108" de® * Kn dt ' 10BRm' = 
D 1 dd 
T GKn + 108R MC dt 
_ Kn? vo | dd KR PD 
~ 108 d "de © 108R, dee 
D K d 
+o t 108R,0 t 
_ &® dd K ® 
att E) + al? + eRe) to 


Comparing this differential equation for flux-decay 
when eddy currents are present with that for flux-decay 
without eddy currents we see that Z is replaced by 
(L + RT,) (say L’) and R by [R + (T,/0)] (say R^. 


The es for flux-decay is then 
= RINI’) Eo 

O =0,— 5572 J- _ GE cos Rit POr =n) era 
. 41’ 


This follows from the fact that the initial conditions 
are in no way altered, for the flux does not decay at 
the moment of switching off, and therefore the eddies 
are not generated immediately. 


R’? 


Current 
D 1 dd 
Ary + nd 
ae dt 


— Kn 
y dE R’? 
PEE e— R't[(2L) 
E AQ] “i cos| yl LC 7a) +A] 


y Tiya zo) 


o~ Ri(2) y R”? 
=R ME rT = = | 
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This shows the effect of eddy currents in causing a 
divergence between the decay of the current in the coil 
and the decay of the flux in the core. 

The graphs of flux and current in an impulse relay 
given by the above equations are shown in Fig. 29. 


APPENDIX IX. 


EFFECT OF A CONDENSER IN NEUTRALIZING THE EFFECT 
oF LINE LEAKAGE. 


We first of all neglect eddy currents. 
The equations are :— 


y = Ri + LS + li 


=Ri+IS +; todt 


i=% +4 
y Y Ri - Haifa 
1 = 
L di 

v= Ri + IŽ + a) (6 — ee zja 

“a a Es i L di 
0= RF + rato- atataa 
di? p L 4 R V 
Laat GF a) tot 7) =a 


The net effect is that which would be produced if, 
with no leak, R were replaced by R + Dj(Cl) and C by 
C 
(1 + Em 
The initial and final conditions are, however, a little 
different and we have 


y a ee ¿—R'/(2L) 


rnt Goro e 
o] 


We may say then that a leak has three effects :— 


(1) It tends to produce the same effect as a bigger 
resistance in the line. 

(2) It reduces the effective size of the condenser. 

(3) It alters the “ datum ” line of flux, producing a 
permanent flux tending to hold the relay. 


The importance of these considerations is that a 
condenser, by producing an oscillation, sends a reverse 
current round the relay, even when considerable line 
leakage is present. 

It is thus possible for a relay to release, when the 
dial springs open, if a condenser is fitted at the dial, 
even under conditions where the leakage is great enough 
to retain the relay were the condenser not fitted. 
Experiment confirms this. 

This statement has great significance in impulsing, 
for it indicates that with a condenser at the dial good 
impulsing over lines of very poor insulation may be 
obtained. 


WITH AUTOMATIC TELEPHONE CIRCUITS. 


377 


It is now necessary to consider the same problem 
with the assumption of eddy currents in the relay core. 
It will be understood that an assumption is made here, 
namely, that the eddy currents are imagined to flow in 
a thin shell over the surface of the core. The conduct- 
ance of this equivalent shell has been obtained by 
experiment, as mentioned previously. 

When there are eddy currents in the relay we have 


K d 
® = Km — 10°R, ° Ge 
where R, = resistance of net eddy-current paths, 
i 0 1 dd 
Kn 108Rm dt 
n dd 
V o E . ° 
Toi ge + e+ 
n db areas: $ (E 
108 a tto todt 
1= le + Y 
te = t— uy 
n d0 ee: | Sree 
Von ae + Ri + 5f — indt 
n d0 ., 177 ® R dd FYV 
tit aj + 10k, de TT 
n dd RỌ R dd 
+ 100 ae t ikn * mir, T)” 
n dad 1 dỌ 1 O 
ey a A 
108 a t Rg de t 108R¿n 3) 
+ D + 1 dd YV n dọ 
CKn * Cn10BR, dt Cl 1010 dt 
i RO R dd 
ClKn ' Clnl08R, dt 


= lie + ia) 


+ OE + ge + ao + mae) 


dt 108CnR, | 10810 ` CIn10BR, 
R V 
R O(a + urA 210 
We then have 
D = MD, + (0, — 9)————— = e RIL’) 


TZ 
[ze aa) +4] 


where O, = steady flux = KnV/R 
= flux due to steady leak current 


= KnV/(R + l) 
L’=L+ RT, 

"ES Tl + (R/[9] , L 
e am 7 

Pie iS ree 

~ 1+ (Ele) 


where T, is the time-constant of the eddy-current paths. 
The curve from this equation is given in Fig. 30. 


t 


The meaning of the above equations is that a leakage 
on the line has an effect on the flux in the relay core 
which would be produced by :— 


(1) Increased inductance of the relay, 
(2) Increased resistance of the line, and 
(3) Decreased capacity of the condenser. 


APPENDIX X. 


CALCULATION OF IMPULSING PROPERTIES. 


The make-contact 
relay is 


impulse ratio delivered by a 


0 + S(t, — to — ty) 


impulse ratio supplied to the relay by the 
dial or impulse machine, 

S = number of impulses per second, 

t, = time of release of relay, 

tọ = time of operation of relay, and 

ty = forward transit time of relay. 


where ĝ = 


Provided the above quantities are known, the per- 
formance of the relay can be predetermined. 

Take the.case of a relay of 400 ohms with 10 600 turns, 
for which K = 16 and which operates normally on the 
test voltage in series with 3 100 ohms. Then the time 
of operation of the relay on various lines will be given 
by the formule developed for operation of fast relays, 
and will work out as shown in Fig. 24. 

The release times must of course be calculated 
specially, for the release time of a relay after receiving 
a short impulse is different from its release time after 
the current has built up to its steady value. It is 
therefore necessary to consider any special case on its 
merits. 

Take the following example: Impulse speed 14 steps 
per second. “* Make ” ratio of dial 33 per cent. Assume 
the dialling circuit to be plain, i.e. no condenser across 
the impulse springs. 

Here the time of one complete make and break is 
1 000/14 = 71-5 milli-seconds. 

‘‘Make’’ impulse time = 71-5 x 0:33 = 23-8 milli- 
seconds. 

“ Break ” impulse time = 47:7 milli-seconds. 

It is then necessary to use the flux-rise equation to 
determine how far the flux will have built up at the end 
of an impulse, and put this value in the flux-decay 
formula to find out how long the relay will be in releasing. 
Considering a zero loop we have 

Time-constant = 57-85 milli-seconds. 

® = —t/57- 85 
®, (l—e ) 
But ¢ = 23-8, and therefore 
O/D, = 1 — e-28:8/57-85 — ] — e—-0:41 — 0-339 


The flux then only rises to 0-339 of its final value. 
The ratio of the normal steady flux to the release flux 
in an impulse relay is on zero loop approximately 
11-5: 1. The ratio of the flux in the core to the release 
flux when the dial springs break is then 11-5 x 0-339 
= 3-9, 
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The release time of the relay is therefore T log (3-9). 
For this type of relay, T is approximately 2-66 milli- 
seconds, being due to eddy currents only. 

Release time = 2-66 log (3-9) = 3-62 milli-seconds. 

This illustrates the method of finding the release 
time of a relay after a pulse of known duration has been 
received. 

The forward transit time of the relay may be assumed 
to be of the order of 2 milli-seconds. The “ make” 
impulse ratio is then :— 


14 


0-333 + 1000 


where ty, the time to operate, is approximately 64 milli- 
seconds, as calculated from the formule for operation. 

The “ make ” impulse is then 0-333 — 0-06 = 0:273 
= 27-3 per cent. Repeating this calculation for various 
loops, the type of curve shown in Fig. 32 is obtained. 

Where there is a leak across the line, the same methods 
have to be employed; the flux-rise curve for the relay 
determines the operating time and the amount of the 
flux at the end of a “ make ” impulse, and the flux-decay 
curve then determines the time of release. 

Where there is a condenser across the line during 
impulsing, the calculation of the time of release after a 
short impulse has been received is a little more difficult. 

The following table indicates the steps in plotting an 
impulse curve in which speed = 10 impulses per second 
at 50 volts, release current = 10 mA, dial 33 per cent 
make, no condenser. 


Loop cri pul aux at Time E ad end 
ohms per cent milliseconds 
0 43:9 4°52 
400 69-9 3°92 
800 79°3 3°19 
1 200 87:5 2-68 
1 600 91-3 2°2 
2 000 93-92 1-78 
2 400 95:75 1-43 
2 800 96:9 1-1 


The times of operation are given in Fig. 24. 


APPENDIX XI. 


CALCULATION OF THE PERFORMANCE OF AN IMPULSE 
RELAY WHEN A CONDENSER Is USED ACROSS THE 
DIAL. 


If a short “ make *” impulse is received, the current 
has not time to build up to its full value as in the case 
of a relay with no condenser, but here, at the end of 
the impulse, the condenser provides a path for the 
current to continue to rise. It is desired to obtain the 
curve of current rise and decay under these conditions. 

In order to simplify the expressions, eddy currents in 
the relay core will not be taken into account. 

The general differential equation to flux-decay is in 


no way altered by a change of initial conditions. The 
solution will therefore be altered only so far as the 
constants of integration which express those initial 
conditions are affected. 

We may therefore write 


V y 1 R? 
a Rie cos | ( io a) const. angle | 


At the moment of opening the dial springs, we know 
both ¿ and difdt from the equation to the current-rise 
curve, and therefore the constants A and the angle can 
be determined. The type of curve obtained is shown 
in Fig. 33. This curve has great significance, for it 
means that the relay has a longer release time than 
would be the case were the condenser not used. 

The great difficulty in impulsing with a short ‘‘ make ” 
period is that the flux in the relay has not time to 
build up to a sensible value, and the release of the relay 
is therefore rapid, causing the relay to deliver a still 
shorter impulse than it receives. 

The effect of a condenser on impulsing is therefore 
very beneficial in cases where the impulse length supplied 
to the relay is liable to be short. The full significance 
of this is dealt with in Appendix XII under ‘‘ Impulse 
repeating.” 

Fig. 33 shows the rise and fall of current and flux in 
a relay operating on zero loop and in one operating on 
a 400-ohm loop when a plain dial is used. The effect 
of a condenser at the dial on the flux and current is 
also shown, but in this case eddy currents in the relay 
core have been neglected for simplicity. 


APPENDIX XII. 
IMPULSE REPEATING. 


The problem consists in determining the release 
time of a relay when the impulse supplied varies in 
length and when the impulsing speed varies, but the 
junction is either fixed or variable, depending on whether 
the repeaters are incoming or outgoing. 

From the equation 


“ Make ” contact ratio = O + S(t, — to — tp) 


we see that, apart from the effect of a long pulse resulting 
in a rather longer time of release, the graph connecting 
the impulse ratio delivered by the contacts of a relay, 
with that supplied to the coil, is a straight line at 45° to 
the axes, with an intercept on the one axis which is 
directly proportional to the impulse speed. Any devia- 
tion from this straight line is, of course, the result of 
the variable time of release, as explained above. 

In general it can be stated immediately that a relay 
which repeats faithfully at one ratio tends to shorten 
further any short impulses it receives and to lengthen 
the long ones. 

The use of a condenser across the impulse springs 
makes the relay much more satisfactory on short 
impulses, as it tends to make the time of release much 
less dependent on the length of impulse supplied to 
the coil. 


ASA Ce a 


WITH AUTOMATIC TELEPHONE CIRCUITS. 


The following analysis indicates the rise and decay 
of current in a relay at the end of an impulse when a 
condenser is used across the dial in the telephone circuit. 
The fundamental differential equation for the circuit is 
satisfied whatever the initial conditions, i.e. whether 
or not the current has risen to its full value before the 
dial springs open. The only difference must be in the 
constants of integration. The solution is therefore 


VIR)(1 — e-RTniL 
(= OE at cos (q’t — 9) 


where 6 is an angle fixed by the initial conditions. 
When the current is cut off after an impulse of 
length Tm its value at the instant of cut-off is 


a — e—~RTalL) from Helmholtz's law, 
and its rate of rise, di/dt, is 
V 
— RT miL 
Fa 


We therefore put the above conditions in the decay 
curve 


di V Vl — e-RTmfL j 


= IO — eRTmiL)e2! sin (gt — 8) 


where ¢ = 0. 


A Po Rall — i4 (1 — e-RTmlL)(p + q' tan 8) 


RIL 
ae =P Hg tand 
RIL 
= (e~RTm/l — 1) p E ) 
tan Ò Te e ES — os Ps or. 


Compared with the case where Tm is infinite (i.e. full- 
build-up), we see that the numerical value of $ is in- 
creased and thus the time before the current reaches 
zero is lengthened, giving possibly a longer time of 
release than when the relay current had fully built up, 
and certainly a longer time than where no condenser 
is used. : 

If, at the beginning of each impulse, the effect of the 
previous one has not quite subsided, the operating time 
of the relay will be changed and the conditions altered. 
It will thus be seen that impulse repeating is a special 
study and rather outside the scope of the present paper. 


APPENDIX XIII. 


THEORY OF RELAYS HOLDING DURING TRAINS OF 
IMPULSES. 


There are two conditions :— 


(1) A relay must operate on the first impulse, in spite 
of the slug; and hold, because of it. 

(2) A relay already operated must not release on a 
train of impulses. 


379 


Condition (1) is the more severe, and necessitates 
more ‘‘ power,” i.e. a lower-resistance coil. 


Case (1). Operation on first impulse. | 
Let q = dial speed, 
0 = “ make ” ratio of dial or relay supplying the 
slow relay. 


If the flux at the end of the first impulse is just equal 
to the release flux, it will have an increasing margin of 
safety at every impulse. 

The general expression for flux at the end of time t 
after switching on, is 


Dd = 0,(1 — e74) (see Fig. 36) 


where l/a is the total time-constant for flux rise. 
Then the flux at the end of the first impulse is 


Ön = D,(1 — e~le) 
The flux at the end of the first break is then 
D, = ®,,e-# 
= 0,(1 — ela) (e— AU —8)/a) 


where 1/8 is the time-constant for flux decay. 

If the relay is to be free from chattering, this value 
must exceed @,. The coefficients a and B must be 
calculated in accordance with the information given in 
the previous appendices. 

It is clear that, as the flux is not zero at the beginning 
of the second impulse, the flux will rise to a higher 
value during that impulse than it did during the first. 
The saw-toothed curve will thus get higher as time 
goes on, and will eventually reach a steady state. 

At the beginning of the second impulse, however, an 
unusual state exists in the relay. There is a flux in 
the core and a current in the slug at the moment of 
switching on. The battery will circulate a current 
tending to increase the diminishing flux, and thus the 
slug current must reverse in direction. This reversal 
will not be instantaneous, on account of flux leakage 
(here neglected). 

In considering the conditions throughout the second 
impulse it is necessary to take the flux equation in its 
general form and put in the initial conditions again to 
obtain the constants giving the new flux-rise curve. 
This applies equally to case (2) which is now to be 
considered. 

It is found that the flux, in its changes, follows 
certain ‘“‘segments’’ of the complete flux/time curves 
which are obtained by switching current on and off the 
relay in the ordinary way, i.e. infinitely slow impulsing, 
provided flux leakage is neglected. 


Case (2). The flux having risen to its steady value before 
the train of impulses occurs. 


On, = Os(1 — e74) + Dye 
On = O,{1 — e-h — e—Bl1—0)/0)) 
(see Fig. 37) 


The above equations are those for which no flux 
leakage occurs between coil and slug. They are there- 
fore ideal expressions, i.e. expressions never quite 
realized in practice. They may be deduced by formal 


Here 
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proof, or may be written down quite readily by the 
help of the analogy given in Appendix XIV if the 
leakage is assumed to be nil. 

The meaning lying behind the above formule is that 
when flux rises and falls in a relay with a slug, which 
is being impulsed, the flux follows portions of the 
complete rise-and-fall curves and does not follow a 
different law merely on account of the difference in the 
initial conditions at each impulse. 

Under continuous impulsing, the flux will oscillate 
between a high and a low value, the latter being the 
criterion for holding of release relays, and is 


e—BQ—9)/a(1 — e-l) a — ab 
1 — e~All—%)/ag—00/a ~ 1 — ab 


of the steady flux with the circuit permanently closed. 


Here ĝ = “ make” impulse ratio supplied to the 
relay, and 
q = impulse speed, i.e. no. of pulses per 
second. 


Fig. 37 has been plotted from the above equations. 


APPENDIX XIV. 


HEAVISIDE TRANSMISSION EQUATIONS APPLIED TO THE 
PROPAGATION OF FLUX WAVES THROUGH SLUGS 
(see Fig. 38). 


The relay may be viewed as a transmission line with 
distributed inductance and leakance, with apparatus at 
each end. 

Throughout the whole of this section the magnetic 
symbols 1/(108R,), etc., are replaced by V, i, L, etc., 
in accordance with the complete analogy between the 
propagation of waves of flux and cable transmission 
theory. 

The received current (in this case, flux) in a telegraph 
line is given by the equation 


y 

f PE EE E 

"(Ze + Z,) cosh Pl + [(Z:Z,/Z)) + Zo] sinh Pl 
In this expression 


V, = applied voltage multiplied by number of turns 
on coil and divided by resistance of coil in 
ohms, 

Z, = reluctance of air-gap at heel end of core, together 
with the slugging effect of the coil, 

Z, = reluctance of gaps at armature end of core, 

Zo = characteristic impedance of slug, 

P = propagation constant of slug, and 

l = length of slug. 


Assume Z, = 0:05 reluctance, 
Z, = 0:006 + p x 0-00121, 
4/(L£G) = 0-08 for the slug, 


l = 14 in. for the slug. 


Here p is Heaviside’s operator. 

The problem of calculating the arrival current in 
cases such as this has been investigated by Heaviside 
and others, and the author is indebted to Heaviside’s 
“ Electromagnetic Theory ” and also to Dr. Malcolm’s 


“ Theory of the Submarine Cable ” for an understanding 
of the matter. 

A mathematical analysis using Heaviside’s calculus 
results in a series of exponential terms for the current 
rise at the far end of the cable—the result is in fact a 
kind of generalized Helmholtz equation. It will be 
remembered that when the relay was considered in one 
section, i.e. flux leakage neglected, a true Helmholtz 
equation of one term was the result, whereas when 
flux leakage concentrated in one place was assumed 
there were two terms in the result. Thus it does not 
seem surprising that, when distributed leakance is 
assumed, there should be an infinite series of exponential 
terms. | 

The expansion theorem which gives these exponential 
terms may be stated as follows :—* 

“ Let e = ZI be the operational solution of an electro- 
magnetic problem; say, for definiteness, that I is the 
current at a certain place due to an impressed force, e, 
at the same or some other place. Let the form of Z be 
such as to indicate the existence of normal solutions 
for J. Then, when e is steady, beginning at the moment 
¢ = 0, the current due to e is expressed by 


ae ert 
= Zo “Z ppaZlap 


“ This may be interpreted as follows :— 

In the first place, the Z in the operational solution 
is an operator, a function of p, the time differentiator. 
But in the above equation Z is entirely algebraical. 
Thus, Zp is the algebraical function obtained by putting 
p=0in Z. It is the effective steady resistance to e 
when, as supposed, e is a voltage. Otherwise it is more 
general. Then, in the summation, dZ/dp is the ordinary 
differential coefficient of Z with respect to p as a 
quantity. Lastly, the summation ranges over all the 
roots of the algebraical equation Z = 0, which is, in 
this respect, the determinantal equation, though Z 
itself is much more. These special values of p are to 
ebe used in dZ/dp as well as explicitly.” 


¡AA A 
” — Z, cosh Pl + Z, sinh Pl 
P = y (LGlp) 


| where G = leakance. 


Let LGip = — y?. 
ay 
= «un 
Then Zo j 


fly) = R, cos y + = sinh ¿y 


= k, cosy — Z siny 


W = — Resiny — Y _ Y 
Fly = R, sin y al Gl cos y 


GIR 
f(y) = 0 is equivalent to tan y = =e 


* O, Heavisipe: “ Electromagnetic Theory,” vol, 2, p. 127. 
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From this equation, which has an infinite number of 
roots, we find the first three, which are sufficient for 


our purpose. Then we form the p's from LGP?p = — y?. 
Thus :— 
Py = — 1/91; po = — 18:9; pg = — 1/1-05 
Then flux 


= ue (1 — 1-084e—1/91 + 0-1085e—1/3-9 — 0-027e—#H/1-05) 
r 


which gives the graph shown in Fig. 41. 


Fraction of final flux 


0 80 160 240 300 
Time, in milli-seconds 
Fic. 41.—Theoretical rise of flux in armature-end relays 
(obtained from Heaviside’s theorem). 


In order to check the matter a circuit was made up 
of the type shown in Fig. 38 and the oscillograph was 
used at the receiving end to determine the arrival curve. 
The oscillogram is shown in Fig. 42 (a). 

A point of interest is to see what happens to the 
oscillogram when the ratio of leakance to closing resist- 
ance is altered. 

Decreasing the resistance gives rise to the oscillogram 
shown in Fig. 42 (b) which is more like a Helmholtz 
rise curve, as would be expected. 

Increasing the leakance gives rise to the oscillogram 
shown in Fig. 42 (c) which exhibits a greater delay of 
the signal. 

This method of attacking relay problems is believed 
to be both sound and far-reaching. Fig. 43 shows 
experimental flux-rise curves for a heel end and an 
armature-end slug relay respectively. These were 
obtained by finding the time taken for the relay to 
operate when given various adjustments. 


In addition, this theory explains an experiment on a 
relay with an armature-end slug which appeared 
paradoxical. This experiment showed that the measured 
inductance of an armature-end slug relay at 50 cycles 
does not appear to vary when the armature is opened 
or closed. Let us interpret this in terms of the trans- 
mission theory. 

For a slug, the value of 1/(108R,) per inch is 1/429, 
ie. L =0:00233. The leakance G is approximately 
2-75 lines per ampere-turn per inch. 

Then at a frequency of 50 cycles the attenuation in a 
slug of infinite length would be 


Flux = (sending flux) x e—4X 15 
where B = 4/(4wGL) = 1-002. | 


| S (æ) 
L 
— (C) 
Fic. 42.—Rise of current in artificial circuits simulating 
rise of flux at the armature of a slugged relay. 
5 Corresponding to normal relay. 


b) Corresponding to relay with armature away from core. 
c) Corresponding to relay with excessive flux leakage. 


The characteristic impedance of a slug is 


twLl\ _ NES l 
v( G ) = G at an angle of 45 
wL 
ES = 0-515 


Taking the case of a telephone relay with 11 000 turns 
and 1 000 ohms resistance, the magnetic voltage is 11), 
where V is the voltage applied to the coil, and the slug 
value of the coil = 1-21/1 000 = 0-00121. 

The reluctance of the gap at the heel end of the core 
may be taken as 0-006; then with the armature of the 
relay opened and closed we may assume the cable 
opened or short-circuited at the far end. 

If the inductance of the coil be neglected, and also all 
the reluctances in the circuit, we have that the flux at 
the armature end of the slug would be zero with the 
armature away from the core and 2 xe —1:002x1:5= 0-446 
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of that at the heel end of the slug, when the armature 
is close to the core. The wave would be reflected back 
again, by which time its amplitude would be approxi- 
mately 10 per cent of that of the initial wave. 

This is of course an extreme value, for the reluctance 
of the gaps at the armature surfaces would be con- 
siderable with the armature closed, and leakage would 
provide a flux path when the armature was open. 
Further, the inductance of the coil and the reluctance 
of the gap at the heel end of the core would all tend to 
diminish the observed difference between the two cases. 

In further support of this theory of the transmission 
of flux waves through slugs it may be said that if a relay 


Fraction of final flux 


Stroke 4 mils 
1%in. slug 


0 100 
Time, in milli-seconds 
Fic. 43.—Experimental flux-rise curves for relays with slugs, 
corresponding to sending-current and arrival-current 
curves in telegraph cable theory. 


with an armature-end slug be energized over a circuit 
taken through a back contact, the relay will break the 
contact and then pull right up although the current in 
the coil must have ceased. It may be thought that 
mechanical inertia of the armature would explain this, 
but this is not so, for a relay with a heel-end slug will 
not do this—it only ** buzzes.” 

It is felt that this experiment also confirms the theory. 


APPENDIX XV. 


PROPERTIES OF THE RIMINGTON-MAXWELL INDUCTANCE 
BRIDGE. 


Referring to Fig. 39, let us assume the galvanometer 
to have high resistance. We have 


o yV 
27 RFQ 
(P +N — njh + nih — id = V 


(1 — e—(0+RMIL) 


P+N- ni, +5 idt = V 
_ PatNi-V 
. —— i 
n 
, dy (PNA Y 
n) a T nC no ° 


Solving this equation, we obtain 
cara V + ( Vn 
1 PN ° \(P+N)\(P+N—n) 
] — e(R+QN/L 
Qt ] 


Jen + mince +n) 


The difference of potential across the galvanometer is 
the difference between (Pi,) and (Rig + Ldi,fdt). 
Now 


PV PVn El 
—(P+Ni/[IRCIP+N —n)] 
a a) 
and 
dis RV QY —(R+QNI/L 
(Bi, + 153) = EFG € 70) 


Thus it is impossible that there should be an instan- 
taneous balance from moment to moment, for though 
the steady terms balance when the bridge has been 
adjusted under the steady condition, the time-constants 
of the transient terms are different. 

The only possibility of dynamic “ balance ” lies in 
having a galvanometer of long period, and integrating 
between œ and 0 for quantity of electricity. 

Then L = R(n*/N)C, where R = PQ/N. 

It can be shown that where the flux links a closed 
secondary circuit the bridge still measures the value 
Kn?/108 ; that is, the bridge behaves as if no secondary 
circuit were there. This property is valuable, as it 
gives the magnitude of K when the turns are known, 
whatever the nature of the eddy currents in the iron. 

In most a.c. measurements the eddy currents obscure 
the real issue and make it impossible to measure K 
directly. The proof is as follows :— 

Let the closed secondary path be of resistance R,. 

The rise of current in the R arm is 


Kn? 
SED t 
i= Y Nja — + O A Q+ K/105R, 
R+Q Kn* 
108(R+Q) FE 
The voltage across the R arm is then 
Kn? 
EFTE t 
Vix VQ. i= ee Kn3/[(108(R+Q)1+ K/108R, 
R+Q Kn? ¿A E 
108(R+ Q) i 


which yields a steady term VR/(R + Q) as before, and 


Solving, we have 1 = Zemin, | 
The voltage on the condenser is 


V — Ri = V[1 — e-tHKOR)] 


The voltage v at the end of charge is then 
v = V[1 — e—to/(CR)] 


where ty is the time of operation of the relay. 
Solving for tg we have ¿q = CR log [V/(V — »)]. 
Various circuit arrangements suggest themselves, 
enabling different phases of operation and release to 
be timed. 


APPENDIX XVII. 
ADDITIONAL PROBLEMS. 


Relays releasing in parallel —When two dissimilar 
relays are connected in parallel, at the moment of release 
a circulating current will, in general, flow, tending to 
retain one relay and accelerate the release of the other. 

Apart from eddy currents the latter relay should 
release in an infinitesimal time, and such eddy-current 
effects have therefore to be considered. 

The decay of the fluxes in the relay cores will not, 
in general, follow a simple exponential law, as may be 
appreciated from the following analysis :— 

Let 0, = flux in the first relay, initially D,,. 

Let D, = flux in the second relay, initially Dy. 

Let nm, and n, = number of turns on each relay, 
R, and R, the resistances of their windings, and r; and r, 
the resistances of their eddy-current paths. 

Let K and K, refer to the first and second relays 
respectively, and let + = circulating current. 
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- a new transient term the a of which between We have 
VQ K 
d 0i x =z as before. a ha 
o an is (R + (+ OP D, TN i + Kini 
K, dð, 
The presence of a sleeve or slug will therefore in no ®, = — — 4 .—2 — Kni 
way affect the reading of the bridge. This is in accord- 10% dt 
ance with experiment. di Ny ad, + No d®, 
108(R, + Ra) dt 108(R, + Ra) dt 
b, = — EL. _ Kimmy dd, 
APPENDIX XVI. 108r, dt * 108(R, + B,) dt 
PRACTICAL TIMING OF RELAYS — _ Km ca 
iai ° 10°(R, + R) de 
The following well-known analysis shows how the 
circuit in Fig. 40 may be used to determine the time of Dd, = — Ky dd, + Kanon; a, 
operation of a relay. 1087, de 108(R, + Ro) de 
- The differential equation for the current in the con- _ Kon? dO, 
denser circuit is 108(R, + Ra) dt 
Ri + fidt = V Kı d, Km ad, 
dd, t TE dt * 108(R,+R,) dt 
== 5 
or on +i=0 d Kinmoy[10%(R, + Ro)] 


K,/(108r,) is the eddy-current time-constant for the 
first and K.,J(10%r,) for the second relay. 


Kı K, 
Let Tom, = Te and Ior — Te, 
m_p 
My 
Kın? Kong 
de a l and [N 
108(R, + R) “1! 108(R, + R) * 
Then 
dd 
Dd, + q Ta + Tı + TegP) 


dD 


+ (LT ogP + TaT¡P + TTP — TT) 


This equation has a solution of the form 


where a and $ may be obtained from a quadratic 
equation in the usual way, and A and B are fixed by 
the initial conditions. 


Similarly D, = A,er2! + B,ebal 
Ay, A, P, and f will be real negative quantities. 


®, = Ön 
D, = On 


Initially 
We have therefore 


A + Teti l + Tab, 
oo af Kr ) + Na Kim ) 

. _ 4 [L+ Teao 1+ Tofo 
i = Ao Kon ) = Bel Koro ) 

¿, — "alzas + Bafo) _ rulos + BsBr) 
° 108(R, + R,) 108(R, + Ra) 
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The above five equations give the values of A,,Ab, 
B,, By and iş. 

It appears, therefore, that the flux in each core 
decays in accordance with a law resulting from the sum 
of two exponential terms, the circulating current being 
the sum of four exponential terms. l 

This method of writing down the differential equations 
for the flux and obtaining a solution, fixing the constants 
by a study of the initial conditions, is perfectly general 
and straightforward. There are, however, problems in 
which this cannot be done. 

The study of eddy currents in the cores of relays is 
a case in point. The assumption of a “ mean-path ” 
resistance for the eddy currents in any particular case 
is theoretically unjustifiable. 

The question of flux leakage and secondary effects 
resulting therefrom also requires special consideration. 
For example, as the flux wave progresses through a 
slug there will be currents circulating in a longi- 
tudinal direction. These will alter the space and 
time distribution of the flux and so modify the 
experiments. 

Armature eddy-currents—When the rate of flux-rise 
is great, considerable eddy currents are generated in 
the armature. These currents introduce a force of 
repulsion which may have an appreciable effect. For 
example, if the simple equations herein described are 
used to determine the time of operation of a 200-ohm 
relay on 22 volts, the results are in accordance with 
experiment. If, however, a test be made with 50 volts, 
the time of operation is practically unchanged, which is 
not in agreement with the equations. 

A piece of copper in place of an armature is pushed 
away from a relay on switching on, and attracted during 
switching off. Assuming that the flux-rise in the core 
follows a straight-line law, at first the eddy current in 
the armature will be constant for a few milli-seconds. 
As the coil current is rising, the repulsive force will 
rise according to a linear law. The force of attraction 
due to the flux obeys a square law, and thus before the 
parabolic curve of attraction has overcome the linear 
repulsion the armature must be actually repelled. As 


stated above, this effect is usually only serious when the 
rate of flux-rise is abnormal. 

Impulsing over long lines.—This question, which is a 
telegraphic one, has not been considered in the present 
paper. It represents a special class of telegraph problem 
in which the battery is connected to the line continuously, 
the distant end being opened and closed. The relay at 
the battery end constitutes the apparatus, and it would 
appear that Heaviside's operational solutions should be 
applied in this sphere, as the methods outlined in this 
paper, although very useful for short lines, fail altogether 
in the case of very long lines. 

The Heaviside expansion theorem can be applied to 
Strowger impulsing, as follows: Apart from heavy line 
leakage, the steady voltage at the dial when the springs 
are open must be simply that of the distant battery. 
When the springs close, this voltage is reduced instantly 
to zero. The current-changes in the line and distant 
relay may then be determined by examining the effect 
of the sudden application of a voltage at the dial equal 
to the distant battery voltage. When the springs are 
suddenly opened after having been closed for a long 
time, the current through them is suddenly reduced 
from a steady value to zero. By examining the effect 
of a steady current suddenly sent into the cable at the 
dial, one is able to determine the effect of opening the 
dial springs. These two problems are of fundamental 
importance, and from their solution the effect of rapid 
impulsing can be calculated. 

As described by Dr. Malcolm, the expansion theorem 
may have an oscillatory term. This is somewhat 
analogous to the case of the Helmholtz equation which 
becomes Kelvin’s equation by the introduction of 
capacity. 

From trial calculations on these lines the author has 
been led to believe that in telephone impulsing up to 
30 miles and 1200 ohms of cable there is not much 
error in assuming the capacity of the cable to be con- 
centrated at its centre point. This is suggested by the 
work of C. P. Steinmetz on power lines. 

As the author has only just begun to study this matter, 
‘however, it is felt that it should be left to a later date. 
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THE EFFECT OF CURVED BOUNDARIES ON THE DISTRIBUTION 
OF ELECTRICAL STRESS ROUND CONDUCTORS.* 


By J. D. Cockcrorr, B.A., M.Sc.Tech., Associate Member. 


(Paper first received 14th May, and in final form 29th September, 1927.) ' 


SUMMARY. 


The paper investigates by the method of conformal trans- 
formation the distribution of electrical stress round certain 
systems of conductors which are important in high-tension 
practice. In particular the effect of rounding the edges of 
the conductors in reducing the high stresses at the edges is 
found quantitatively. 

The methods used are applied to calculate the variation of 
breakdown voltage with spacing distance between the elec- 
trodes. The two-thirds power law is derived as a limiting 
case for some of the electrodes, and the effect of variation of 
electrode shape and of physical assumptions is shown. The 
theoretical results are compared with such experimental data 
as are available. 

Approximate formule are derived for the capacity of co- 
axial rectangular cylinders, which are an extension of the 
well-known correction for the corner of a Leyden jar, and their 
application to heat conduction problems is pointed out. The 
results are reduced to graphical form. 


(1) INTRODUCTION, 


This paper is an attempt at an exact mathematical 
investigation of the electrical stress distribution round 


Fic. 1. 


certain systems of conductors which are met with in 
practice, three typical systems being shown in section 
in Figs. 1, 2 and 3. The conductors are taken to be 
cylindrical and infinite in length, so that the problems 
are essentially two-dimensional. 

The system of Fig. 1 consists of two coaxial rectangular 
conductors, the edges of the inner conductor being in 
general rounded to some fixed radius, and a potential 
difference being maintained between the conductors. 
The solution is of interest in the determination of the 
electrostatic stress distribution between the conductor 


* The Paper Committee invite written communications (with a view to 
publication in tbe Journal if approved by the Committee) on papers published 
in the Journal without being read at a meeting. Communications should reach 
the Secretary of the Institution not later than one month after publication of 
the paper to which they relate. 


and slot of a high-tension generator, and in high-tension 
practice generally. 

The system of Fig. 2 consists of two electrodes with 
parallel plane faces such as are used for testing the 
electric strength of materials. The edges of such con- 
ductors are very often rounded. Since the plane XY 
is symmetrical with respect to both electrodes, the 
solution applies to the case of one electrode parallel to 


Fig. 2. 


an infinite plane. In addition, it has an application to 
problems connected with high-tension transformer 
practice. 

The third system consists of conductors of rectangular 
section isolated in space, the edges of the conductors 
being again rounded. 

In all three systems it is well known that when the 
curvature of the edges BC is reduced to zero the electro- 


A B o 
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static stress at the corner becomes infinite. Actually, of 
course, the mathematically sharp corner never exists, and 
in the case of sharp edges the only practical interest is 
in the extent of the region where high stresses exist. 
Very often the edges of the conductors are rounded to 
reduce these high stresses, but little information appears 
to be available on the relation between the radius of the 
curve used and the maximum electrical stress resulting. 
In this paper such relations are obtained. An attempt 
is also made to give a picture of the distribution of 
electrical stress in the region round the conductor, using 
different types and dimensions of curves for the edges. 
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Since dielectric breakdown is governed by the points of 
maximum stress rather than the mean stress, it is obvious 
that this information is of great importance in practice. 
The type of conformal transformation required to 
obtain curved boundaries for conductors isolated in 
space was given by Page,* but no numerical results were 
given. Sir G. Greenhill’s Report No. 19 and Appendix 
to Report 19 of the Advisory Committee for Aeronautics 
(1910, 1916) on ‘‘ The Theory of a Stream Line Past a 
Plane Barrier’’ gave numerous transformations which 
lead to the solution of the flow of an incompressible fluid 
past barriers whose boundaries possess curved sections. 
Many of these problems are mathematically identical 
with problems of the distribution of electrostatic stress 
when different parts of these boundaries are raised to 
different potentials. The solutions were, however, left 
in general in terms of elliptic functions and no attempt 
was made to obtain numerical results which would be 
useful to the engineer. Dreyfus | obtained numerical 


results for one system possessing curved boundaries, and 


this solution is included here for completeness. The 
method is therefore by no means original, but the author 
claims that little use has yet been made of the method 
in problems of high-tension technique and that this 
paper translates results only existing in the obscure 
language of elliptic functions or in formal mathematical 
expressions to a form utilizable by the engineer. 

Besides giving the solution of electrostatic stress 
problems the results also will obviously allow of applica- 
tion to problems of thermal conduction. An important 
problem in practice is the heat conductivity of the inter- 
space between the conductors of Fig. 1, the result having 
applications to the estimation of the temperature-rises 
of conductors in slots, to electrica] furnace work, and 
to other problems. The only previous treatments the 
author has discovered are a semi-empirical method due 
to Langmuir, Adams and Meikle,} which does not give 
very accurate results, and a formal mathematical treat- 
ment by H. F. Moulton $ from which numerical results 
had not been obtained. The methods of this paper are 
therefore applied to this particular problem. 


(2) THE STRESS DISTRIBUTION BETWEEN COAXIAL 
RECTANGULAR CONDUCTORS. 


Two methods of attacking the problem of the conduc- 
tors corresponding to Fig. 1 are available, the two 
methods being successive approximations to a complete 
solution. The first is to consider the sides CC’, FF’, 
FG, F’G’ as being infinitely long compared with the 


t=4+00 


Fic. 4. 


* Proceedings of the London Mathematical Society, 1912-18, vol. 11, p. 321. 
Archiv far Electrotechnik, 1924, vol, 13, p. 181, 
Transactions of the American Electrochemical Societ iy, 1918, vol. 24, AS 53. 
Proceedings of the London Mathematical Society, 1905, vol. "3, p. 104. 
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dimensions g and r, the section obtained being illustrated 
by Fig. 4. It is shown later that when these sides are 
greater than two or three times the spacing distances 
h and g, the stress distribution near the corner is for all 
practical purposes the same as for infinite sides. The 
advantage of this approximation is that a solution may 
be obtained in terms of elementary functions, thus 
making numerical work easy. 

The second approximation is to take the sides AB, 
A'B’, FG, F'G, as infinitely long compared with the 
other dimensions, the section then being as in Fig. 5 
The complete solution for this case involves elliptic 
functions and makes the process of obtaining numerical 
results laborious. They have, however, been obtained 
to cover most practical cases. 

The complete solution for the case where FG, F’G’, 
CC’ and FF’ are all of the same order or less than the 
spacing distances h and g can be obtained formally. 


Fic. 5. 


The solution, however, involves hypergeometric functions 
and four variable parameters, and the process of obtaining 
numerical results would be so tedious that it has not 
been attempted. 

(a) Four semi-infinite sides.—The solution for the case 
of infinite sides illustrated in Fig. 4 is by the well-known 
method of the Schwarz and Christoffel transformation. | 
It assumes that the equation for the potential in the 
interspace is | 

V?V = 0 

i.e. that there is no space charge in the medium. This 
assumption is probably legitimate for medium potential 
differences, but may be untrue for very high potential 
differences. The earliest extensive application of the 
Schwarzian method to electrical problems is to be found 
in J. J. Thomson's “ Recent Researches in Electricity 
and Magnetism,” chap. iii. Since Dr. Carter has 
recently given * a very complete account of the method, 
it is not necessary to explain the principles here. 

The transformation 

a :— 1} 
dt 


Aa 1) + ez ED; 


à : (t— a)y (t — : 
t=-00 fa-] Cal le l-b. tec arco 
A BC D E F G 
i Fic. 6. 


converts the half plane of ¢ (Fig. 6) into the plane of z 
bounded as in Fig. 4. As ¢ goes from — 1 to + 1 the 
* Journal I.E.E., 1920, vol. 64, p. 1135, 
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numerator passes from an imaginary to a complex 

quantity and finally becomes real. A curve is therefore 

traced in the z plane corresponding to the corner curve BC. 
The field determined by 


ee AA . (2) 


in which d is the flux function and y the potential 
function, represents a system in the plane of ¢ in which 
AD and EG are at potentials 7r and zero respectively. 
From (1) and (2) the electrical stress is 
dw| 1 vV (t — b) 
d| A b+1 
Iver n + G) @- 0 


Thus for — 1 <¿< + 1 


dw (>) 
dz| A 2 


and is therefore constant over the curve BC. The 
reason for choosing 4/{(b + 1)/(b — 1)} as the factor 
multiplying 4/(ż— 1) was to give this constant stress 
over the curve. Othe? multiplying factors would give 
different types of curves having a non-uniform stress 
over their length. 

It may easily be verified that the integral for z gives 


z= 2 (5E) arctan (73) u-+lo (1) 
-2,] b+1 a-l are tan „(2—5 = 
b—1 b—a 


ati 


+ EE) we 2 


ih 3) 
e itera} OO 


vy eat 
where u= (5). -= J6 and 2=0 


for t = —1. Ais taken to be unity, since we are not 
concerned with the absolute scale of the conductor. 
The distances between the sides are given by 


ASS 
ED a 


as may most easily be obtained from the relations 


Justo, CF aa) 


(3) 


dw 
— o = F 
dz |t=a 
dw = 
g dz je g 


since at a great distance along the infinite sides the 
stress distribution across the interspace is uniform and 
equal to zrfh and rfg respectively. 

As t increases through — | and + 1, u and Uy respec- 


í 
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tively pass from real to imaginary. In determining 
values of z it is necessary therefore to use the following 
relations 


log LEA = 2j arc tan z 
A Co, o. (8) 


The co-ordinates x and y of the point C (Fig. 4) give a 
measure of the curvature of the arc BC, and we may 
refer to them as the “ radii ” of the curve although the 
curve is not a circular arc. 

Putting t= 1, u = j4/{2/(b — D} a u, = 0, we find 


from (3) and (5) a 
= 2 
ld JS) (= a 


i EN 


$2 arc tan 2 r l 
-4 (6t) 108 zo 
+a GET = arctan, | (225) a 


=r H jr o. . . . . o 0) 


The relation between the parameters a and b fixes the 
ratio of h and g, as is evident from (4). The only case 
to be investigated numerically will be the case of equal 
spacing distances, ie. h=g. For this to hold we 
must have 


b + 1 bra 6+1 a+l 
a = 2b and thus = ee er eae r. 
We have immediately from (4) and (6) 
=r =r = 2arc tan a| (m) 5 


ES 
= 
pro (E). (8) 


If we define the “ mean stress ” to be V/g, since V = 7 


we have 
1 
1+ 4) (555) 


_vb+I +v- 
v2 


Mean stress = 


and hence 
Stress over curve 
Mean stress 


(9) 


The parameter b thus determines uniquely the ratios of 
the spacing distance to the radius, and the stress over 
the curved arc to the mean stress. From (8) and (9) 
Fig. 7 was plotted to show the variation of this stress 
ratio with the ratio r/g. The stress ratio is found to 
vary from 5 to 1-6 as rfg varies from 0-01 to 0-44. 
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To determine the actual shape of the curve BC ob- | be applied approximately to practical cases where 
tained for rounding the corner, values of t were taken | circular arcs may be used. 


from — 1 to + 1, and corresponding values of z were If the case of equal spacing distances had not been 


Stress over CB 


0-2 
Values of 7/9 
Fic. 7.—Stress over curved side as a function of the radius. 


calculated. Fig. 8 gives several of the curves for different | chosen, the curves would, however, have differed more 
values of r/g. It is evident that the curves vary in | from a circular arc, since the values of 7, and r, given 

by (6) would have been unequal. To obtain curves for 
this case more nearly approaching the circular arc we 
should have to use instead of the transformation (1) 
the transformation 


avet D tAV—D 
(t — a)) y (t — b) 


We should then obtain 


e ON 
=) are tan q| ( aul 5+ o —)} 


E 


m] 
Pa 
o 
ie 
paw 
ee” 


2 
Ta = 2 arc tan we 


Fic. 8.—Form of curve giving uniform stress over CB. 


form very little with r/g, and that they are sufficiently N e E- E 2) = 
close to a circular arc for the results for the stresses to — 1/) 


SN AN 
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A is an arbitrary constant which may now be chosen to 
make r =r, If, however, we wish to determine 


4:0 


3:0 


ha-g 
Zg = 0-026 


Stress at x 
7/8 
& 
© 


0-2 


4 0:6 
Values of UA 


389 


bounded as shown in Fig. 5. As ¢ goes from — 1 to + 1 
a curve is traced in the z plane corresponding to BC. 


a 0:026 


Fic, 9.—Variation of stress across insulation at corners. 


curves over which the stress distribution is uniform we 
must, as before, take A = y((b + 1)/(b — 1}. 

To obtain an idea as to the localization of the region 
of high stress near the curve, the stress variation across 
OF (Fig. 4) was investigated for a value of r/g of 0-026 
and equal spacing distances. It is necessary to deter- 
mine values of dw/dz for values of ¢ lying on the flux line 
ending at F. The values of ¢ required are therefore 
points lying on a semi-circle in the ¢ plane with centre 
at ¢ = a, and radius (6 — a), for the flux lines are semi- 
circles in the £ plane. 

The result of the investigation is shown by Fig. 9. 
As would be expected, the region of high stress is confined 
to a region very close to the conductor. 

(b) Rectangles with long sides semt-infintte—The next 
approximation to the complete solution of the problem 
is to take the sides BA, B'A’, FG, F’G’ (Fig. 5) as ex- 
tending to infinity. Taking DE, a flux line, as a line 
of symmetry, the transformation 


c+1 
VJ (t+ yr (Eye 1) } 
Vita) (tb) (t—0)) 
turns the half plane of ¢ (Fig. 10) into the plane of z 
VoL. 66. 


The field determined by 
—Hla4b) 


w=p+jp= Traen JN bar 


where $ is the flux function and y the potential function, 
represents a system in the plane of ¢ in which — œ D 
and E œ are conductors at potentials 7 and zero respec- 
tively, DE being a flux line. 


> (11) 


E=-00 bel fa+l Ena tab t=+00 
A B C D E G 
Fic. 10. 
The electrostatic stress is given by 
d > t— 
| Vi a - (12) 
A| yet +a {— 


Over the curve — 1 <t<l 


1 — 1 
= = N E 3 and is therefore constant, 
The mean stress, or stress at a great distance along the 


26 
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infinite sides, is obtained by putting t = © in (12), and, 
since it is equal to rfg, we must have 


1 1 
Mean stress = E 


The stresses at the points D and E are 


aser Ml oa 
E: 
and (13) 
1 /(c — b) aa 
Za pectively 
A S641) + (b = »} 


We have to determine the dimensions h, g, r and CD 
of Fig. 5 in terms of the parameters a, b,c, A. Since we 
are only concerned here with the ratios of.the dimen- 
sions, the parameters a, b and c serve to determine 
the problem and we may take A as unity. The stress 
over the curve depends only on the parameter c and we 
may therefore expect that the dimensions of the curve 
are practically fixed by c. Thus with c fixed we get a 
series of curves for which rjg is practically constant, the 
dimensions h and CD varying with a and b. 

The direct method of determining the ratios hfg and 
CDfg is to evaluate the integrals 


b 
ve+ y+ {e-n} 
V{(t — a) (t — b) (t —0)} 


WOE EE as ( — 1) } 


Cc —= 
Va (5 (o) 
The integrals may be either reduced to elliptic functions 


dt . (14) 


' CD = dt . (15) 


or evaluated numerically, but in either case the process- 


of trial and error involved in obtaining suitable values 
of a and b for fixed values of h and CD is very laborious. 
A much quicker approximate method is to choose a and 
b so that hfg is some fixed ratio, by using formulz (13) 
for the stresses at the centres of the short sides. 

If, for example, we require the cases for which h = g, 
then we choose a and b to make the mean of the stresses 
at D and E equal to the mean stress along the long sides. 


The parameters a and b so chosen are then checked by ` 


evaluating the integral (14) numerically. In most cases 
the result was a high degree of approximation to the 
desired ratio of hjg. To each value of a, therefore, an 
appropriate b is chosen to make h = g. Variation of 
a then gives a variation in the ratio CD/g. 

By this means the stresses over the curve for varying 


ratios r/g and fixed CD/g were investigated, the ratio : 
rjg being varied from 0-1 to 0-5. The results are prac- - 
tically independent of a variation in CD/g from 0:8 to 


3-5, and are almost identical with the results of section 


(a) for the case of two infinite dimensions. The points ' 
| g/w does not differ from unity by more than 2 per cent. 


are marked on the curve of Fig. 7. 


The shape of the curves was calculated, and proved to 
be almost identical with that of the curves obtained in 
Fig. 8, section (a), the dimensions BO and CO being ' 


\ 


practically equal. The dimension CD has little effect 


on the form. 

Stress at centre of short sides.—The variation of the 
stress at the centre of the short side of the inner rectangle 
with CD/g and rfjg was now investigated, since the ratio 
of the stress at D to the mean stress gives a picture as 
to how far the region of high stress extends from the 
corner. Since the effect of the radius r proves to be 
small, the case of zero radius was one of the two investi- 
gated. l 

The appropriate transformations for this case are 
(see Fig. 11):— -` 


UA dt 
(1 — kK)? (1 — k2sn?a .t?) 


(ra) 
1 ksna 


w= $ + jp = —1og 
” (act?) 


$ being the flux function and y the potential function, 
the parts of the real axis in the ¢ plane corresponding to 
the inner and outer conductors being at potentials zero 
and unity respectively. 


Z 


. (16) 


ye E Ê = o0 F 


aay a 


Fie. 11. 


k is the modulus of elliptic functions, sn a being one of 
the Jacobian elliptic functions introduced to facilitate 
the reduction of the integral to elliptic functions. It is 
shown in Appendix I that the substitution t = sn e 
enables the integral for z to be evaluated in terms 
of elliptic functions, which can then be evaluated 
numerically if necessary. It is shown further that for 
a = K — }jkK’, K being the complete elliptic integral to 
modulus k, and K’ the complementary integral, the 
dimensions of the conductors obtained are given by 


1+k 7 
cD = K{ 2k - iz} 


. . . (17) 


and that for k varying from sin 30° to sin 90° the ratio 


We have, then, simply to vary k in order to obtain 
conductors of equal spacing distance and varying ratio 
CD/g. | | aor l | 
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it is shown further that the ratio of the stress at D | corresponding results for a conductor having curved 
to the mean stress is given by 1/4/k, so that, given k, | edges and a ratio r/g of 0-06 are also given, the latter 
this stress ratio can be found as a function of CD/g by | stress ratio being calculated from (13). 


1-6 
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with 7%- 0-06 
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Fic. 12.—Stress at mid-point of short side. 
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Stress at x 
Wg 
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0-8 


0-4 0-6 
Values of ayh 
Fic. 18.—Variation of stress across DE. 


reference to a table of complete elliptic integrals such The variation of the stress across DE (Fig. 11) was 
as those of Jahnke and Emde [“ Funktionen Tafeln *””]. | now investigated for zero radius and 2CD/g = 0-60. 
The results so obtained are plotted in Fig. 12. The | The results are given in Fig. 13. The radius of the 
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edge curve will have practically no effect on this stress 
distribution. 

Variation of curve shape.—Other types of curves for 
the corners can obviously be obtained by using trans- 
formations of the type 


= f(t + 1) Ay(t— 1 
[a (t — b) (t — c)) 


This will clearly alter one dimension of the curve with 
respect to the other in the ratio À y((c — 1)/(c + 1)}. 
The stress distribution along the curves will no longer 
be uniform and is given by +/{h(c — t)} for A = unity, 
increasing therefore towards the longer side. 

Fig. 14 gives the variation of stress with radius at 
three points on the curves obtained by taking À = 1. 

If we had not made the dimensions h and g equal, the 
curves obtained by the transformation (10) would not 


0-9 


in place of (10) 


0:8 40 
0-7 
eS 

| 3 
0-5 ¿e 
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Values of BO 


Fic. 14.—Stress over curved side. Curves of non-uniform 
stress. 


have had equal dimensions, BO and CO (Fig. 5). In 
this case we should choose À to make BO = CO to obtain 
curves approximating most closely to those used in 
practice, rather than to obtain curves giving uniform 
stress. 

Variation of breakdown voltage with spacing distance.— 
The results of this section allow us to obtain the relation 
between breakdown voltage and spacing distance, 
assuming an interspace medium of fixed electric strength. 
Since the maximum electric stress occurs at the corners 
and is, as we have seen, affected very. little by the 
dimensions OD, we can use the results (8) and (9) of 
section (a). 

We have from (9), for small values of the radius or 
large values of b, 


Maximum stress 
0 Vb 
Vig v 


Thus if we take the maximum stress to be the breakdown 


: plotted as a function of g/go. 


strength of the material in the interspaces, we have, 
if V gp is the breakdown voltage, 


V ap Cc (18) 


A 0 o e o e 
But from (8) 


suo (52) Joe E 
l J65- G45) e a 


g En 

me S y b— i) 
and expanding the inverse tangent and logarithm for 
large b we obtain 


Thus, substituting for b in (18), we get 
m3 2 1 
V ed a(-\ = g3r3 
g “ 


We thus find that the breakdown voltage varies as the 
two-thirds power of the spacing distance for small radii, 
a law which is well known to hold in practice for many 
arrangements of conductors. For larger radii, the 
variation of breakdown voltage with spacing distance 
can be obtained from the results of Fig. 7, which give 


Maximum stress _ £) 
Vig 


a 
g X (maximum stress) 
Sigir) 


If, then, we assume that the breakdown voltage is reached 
when the maximum stress in the interspace is equal to 
a definite figure characteristic of the dielectric, we can, 
knowing f(g/r), determine V as a function of g, r being 
fixed. If V, be the breakdown voltage for g = go, the 
minimum spacing distance, then VgpfV, can be 
The results are shown in 
Fig. 15 for two values of g,/r, the results given by the 
two-thirds power law being inserted for comparison. 

Wittwer * investigated experimentally the breakdown 
of air with this type of electrode, using sharp edges 
only. His figures agree approximately with the two- 
thirds power law, and the points corresponding to his 
results are inserted in Fig. 15. 

Although the simple assumption that breakdown 
occurs when the maximum stress reaches a certain fixed 
value gives a correct law of variation of breakdown 
voltage with spacing distance for sharp edges, it is 
obvious that it cannot lead to correct absolute values of 
breakdown voltage, since with perfectly sharp edges the 
maximum stress is always infinite at the edge of the 
inner electrode and breakdown would take place for 
much lower values than actually occur in practice. Since 
the same difficulty occurs with the electrodes treated in 
the next section, discussion of this point is reserved 
until later. 


so that 
y = 


* Archiv fiir Electrotechnik, 1927, vol. 18, p. 87. 
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Points marked O refer E 
experimental figures of Wittwer 
for sharp corners 


5 
Values of 9/70 
Fic. 15.—Variation of breakdown voltage with spacing distance. 


(3) THE STRESS DISTRIBUTION NEAR THE CORNER OF 
A RECTANGULAR CONDUCTOR WITH ONE SIDE 
PARALLEL TO AN INFINITE PLANE. 


Figs. 16 (a) and 16 (b) give the section of the conductors 
investigated in this Section. Fig. 16 (a) is a first 
approximation to Fig. 16 (b) and has been treated by 
Dreyfus,* the solution being given here for the sake of 
completeness. It is obvious from symmetry conditions 
that we may replace the infinite plane by an image 
electrode, as shown by the dotted part of Fig. 16 (b). 
Fig. 16 (c) is a limiting case of Fig. 16 (b) as CD is reduced 
to zero. 


A 
(a) 
l- +1.|1B 
FEAL D 
72° t= I l- -a 
Bip 
on, 
' g 
A (6) (0) E 
=- -4 |B B 
FON c 
F Cl AOE 


Fic. 16. 


(a) Conductor with semi-infinite side—The trans- 
formation 
Vie+ 1) +à- Dy . 
A) —— a 
| +4 - (19) 
* Loc. cit. 


turns the half plane of ¢ into the plane of z bounded as 
in Fig. 16 (a). If the real axis in the ¢ plane then consists 


of two conductors ata potential difference V, the field 
in the ¢ plane is given by 


V 
w = —log (¢ + a) 


dw V| (aA) 
and — = >. i 

dz vf/(t+ 1) + ày(t — 1) (20) 
Integrating (19) and letting z = 0 for t = — 1, we have 
zo e _ t+1 
inh Aan 1) 24/ (a 1) arc tan ES 


+A{ 2/(t—1)—2/ (a+ 1) arc tan R (E) 


ma) 


+jA4 Y (a+1) log —24/2 > (21) 
e a+ =) 
Thus for ¢ = + 1 we have 
¿44 24/2—2y/(a—1) arc tan ME) 
2 
+4 
+ ¿AM 4/(a+1) log — EL Bs V2 
o +1) 
=r +j} - . (22) 


We also have g = Aríy (a — 1) + Ay(a + 1)), which 
determines A. 1, and r, are a measure of the mean 
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Fic. 18.—Stress over curved side. Curves of uniform stress. 
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radius of the curve obtained for the corner. The ratios 
gir, and g/r, are evidently fixed by the parameter a 


and, by choosing different values of a, different ratios: 


are obtained. The parameter À fixes the actual form of 
the curve. If we choose À equal to unity we have 


dw| _ 


dz 


=A gaVe = D+ AV + 1) 


and the stress i is thus constant over the curve. We shall, 
however, obtain unequal values for 7, and r, and our 
curve will deviate considerably from curves likely to be 
used in practice if A deviates appreciably from unity. 
If, on the other hand, we choose À to make r, = r, we 
shall obtain curves approaching more nearly to the 
circular arc, but the stress will no longer be uniform 
over the curve. It will, in fact, vary from 1/4/2 to 
1/(A4/2) as t goes from + 1 to — 1. 


Full line:-non-uniform stress BO/g = 0-217 
Dotted « :- uniform " BO/g = 0-176 


Fic. 19.—Shape of curves. 


Figs. 17 and 18 give the variation of the ratio of 
maximum stress to mean stress as a function of g/r, for 
the cases of uniform. stress and equal radii respectively. 
Fig. 19 gives the exact shape of the two types of curves 
for one value of a. 

(b) Finite sides.—The conductor system of Fig. 16 (b) 
will now be treated. 

The transformation 


2 = AMA + 1) + y(t — De. 
/{(t — a) (t — b)) 


turns the half plane of t into the conductor bounded by 
ABCDEF in Fig. 16 (b). 

If the real axis in the £ plane consists of two conductors 
at a potential difference V, the field in the £ plane is 
given by | 


. (23) 


GTI eC 
rr) Y ((t — a) (t — b)} 
dw | 


dw 
dz AV/(*+ 1 + V(t- 1) 


and (24) 


and 


It is shown in Appendix II that the integral (23) 
DE=2{ AV 0+ Da(z. e) + y 0—DE8(= 
Epa 
OC=2AV/(b + 1) (F (6, k) —E[(0, k,)} 
and first kinds and the modulus is given by k, k’ or the 
kı = Y (1 — rf kı = a] — k”) 
determine the stress distribution between the conductors 
Jahnke and Emde (“ Funktionen Tafeln,” p. 53) but, if 
A is chosen either to make OC = OB, so that the curves 
The results for the variation of maximum stress with 
therefore inserted as points on the curves of Figs. 17 
of the electrodes, to the mean stress V/g gives an indica- 
the ratio rfg. Its variation with OD/g was therefore 
transformation 
DE 245 ES z )} E 
Ch . (26) 
2 ( — 1 . 2 
yb AAN ——= ier Te 


may be reduced to elliptic integrals and that the con- 

| 7 7 
OD=2 | AV(b+ 1) GE t,) a (5, k,) } 

2(b+ 1) 
OB=24/(b—1 { y eA —Eld, k’ } 
complementary moduli k,, ki where 
b— 2) 
sind = (+) 
and the dimensions of the corresponding conductors. A 
available, Legendre’s tables will be found more convenient 
approximate closely to circular arcs, or taken equal to 
rjg prove to be practically identical with the results of 
and 18. 
tion as to how far the corner effect extends. It depends 
investigated for the case of zero radius and for two other 
aft 
z= | — at 
la — 1) (t — b); 
OD r(Z. Ja- Tr ft) _ K'-E 
b/ HG b | 

the modulus of the complete elliptic Sak being 


ductor dimensions are given by 
+V0—1){ FG, Ki) —2( 
where # and F are the elliptic integrals of the second 
( — s) 
E JE i + i) e b — i) 

By assigning a set of values to a and b we may thus 
suitable table of elliptic integrals is to be found in 
(‘‘ Fonctions Elliptiques,” vol. 2). As in section (a), 
unity to give curves over which the stress is uniform. 
section (a) for OD/g > 0-6 and rjg < 0:3. They are 

The ratio of the stress at D (Fig. 16b), the mid-point 
mainly on the ratio OD/g and is affected very little by 

values of rjg. The case of zero radius is attacked by the 
in place of (23), giving relative conductor dimensions 
and stress ratio 
k and kı = y(1 — k?) = y (1/0). 
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Variation of k therefore allows the stress ratio for the 
point D to be found as a function of DOfg. 

The results are given in Fig. 20 and show that this 
ratio increases from 1-01 to 1-16 as DOfg decreases 
from 1-2 to 0-46. The figures for this stress ratio are so 
little affected by the radius of curve used that the results 
for ratios of r/g up to 0-33 are simply marked as points 
on the curve of Fig. 20. It is thus evident that we may 
in practice find the stress near the corners by using the 
simple case of section (a), and the stress at the mid- 
points of the parallel faces by the results of (26), 
neglecting the curvature of the corners. 


Stress at D 


ENG re 
COON 
APR 
HS 


0-4 0:6 0:8 — ET 
Values of DOW 


Fic. 20.—Stress at mid-point of electrodes. 


To obtain a complete picture of the variation of the 
stress along DCB it is necessary to find the distance OX 
of a series of points for given values of t. This distance 
is given by 


OX = 2Ay/(b + 1) ad kı) — E(¢, k,)) 


+ 24/(b — 1) {F(d’, ky) — 


k, and Ie having the same values as in (26) and 


> (E (==) 
sing =(=) E sin $” ==) 


The stress is then found from (24). This has been 
carried out for three conductors—the first having a 
ratio OD/DE of 0-70 and a ratio rfjg of 0-147 and equal 
radii; the second having ratios OD/DE and rfg of 0-70 
and 0-127, the curves being chosen to give uniform 
stress; and the third having sharp corners and a ratio 
OD/DE of 0-70. 

The results are given in Fig. 21 and show clearly the 
effect of different edge conditions on the stress at all 
points along the electrodes. 

(c) Strip electrodes with rounded edges.—Fig. 16 (c) 
represents the section of electrodes obtained by making 
CD in Fig. 16 (b) tend to zero. 

The results of section (b) apply immediately if we take 
a = l. We have then from (25) 


DE = 20 + Nes. k) + 24/(b — 1) 


+1){ (5%) — 25,4) } 


Elg’, 1) 


OD = 2 Ày (b 
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ozve -»{ JH) 1} 


7 
Maximum stress 2AV/(b + 1) E. i) + 24/(6 — 1) 
Vg 7/2 


We have then simply “to vary b to find the variation 
of stress ratio with g/r. If Ais chosen to make OB = OD 
the results given in Table 1 are obtained. 


TABLE 1. 


g 


a 27:3 |12:0/6-59|5-03/2-55/ 0-96 


Maximum stress 


4-88|3-12|2-56|2-30|1-77|1-29 
Mean stress 


These points are plotted in the chain-dotted curve of 
Fig. 17. They lie above the points for the wider elec- 
trodes. 


(4) THE CALCULATION OF BREAKDOWN VOLTAGE. 


The results of the last section are of great interest in 
their application to the problem of the electrical break- 
down of liquids and gases, since the arrangement of 
electrodes is one very frequently used for measuring the 
electric strength of materials. They can, of course, 
only be applied to solids when the electrodes are com- 
pletely embedded in the dielectric, and even in this case 
they would only apply when thermal factors did not 
enter into consideration. 

The results of Section 3 (b) show that the stress near 
the corner, which is the region of high stress, 1s -prac- 
tically uninfluenced by the dimension OD, provided 
OD/g > 0-6 and rjg < 0:3. We may therefore use the 
results of Section 3 (a) in calculating the stresses which 
produce breakdown between electrodes of the type 
shown in Figs. 16 (a) and 16 (b). | 

If we write Fn for the maximum stress in the dielec- 
tric, we have from (20) and (22) 


IES a 
"> \rA4/2 


and choosing Á to make the dimensions r, and r, of the 


curve equal , 
rirFPiny/ 2 


“a 


If then we make the simple assumption that dielectric 
breakdown occurs when the maximum electric stress 
reaches a critical value F„ characteristic of the material, 
equation (27) would immediately give the relation 
between breakdown voltage and the conductor dimen-. 
sions determined by a and r. 

For large values of a or small ratios of r/g we find from 


(27) 


— 24/2 
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Stress along electrode face 


oe 0 0-2 04 0-6 0-8 Ti 
Values of 02/0D 


Fic. 21.—Distribution of stress along electrode face. 


____&/r=0-55 (electrodes (a) only) 


nn “Go /7=00 


Values of WG 


Dotted tines refer to 
electrodes (c) 


0 5 10 15 20 
Values of g/% - 


Fic. 22.—Variation of breakdown voltage with spacing distance. 
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(22) that g/r«ai, so that, from (27), V oc ar« gars, that is, 
the breakdown voltage varies as the two-thirds power of 
the spacing. For smaller values of a and therefore of 
gir, the variation of breakdown voltage with spacing 
distance can be found numerically from (27). Fig. 22 
gives the results for a variation of spacing distance in 
the ratio 1: 6 for three values of the initial ratio g,/r. 
It is evident that, for increasing radius, the curves lie 
more and more above the two-thirds power curve. 
To investigate the behaviour of narrower electrodes we 
take the limiting case treated in Section 3 (c) and apply 
the results of Table 1 to give the variation of breakdown 
voltage with spacing distance on the same assumptions. 
The numerical results are given in the chain-dotted 
curves of Fig. 22 for three values of g,/r, and it is seen 
that they lie below the corresponding curves for the 
broader electrodes. As g,/r approaches zero the break- 


© Baur's figures: air dielectric 
x Wittwers « 


RAS 
> 


Values of V 


4 6 
Values of g/% 
Fic. 23.— Experimental figures ; two-thirds power law. 


down voltage varies as the square root of the spacing 
distance. | 

It has been known for a considerable time that the 
two-thirds power law represents approximately the 
breakdown of dielectrics between many systems of 
electrodes. Baur * gave a series of figures for the 
breakdown of air, mica, fullerboard and other dielectrics 
which he claimed were fitted fairly closely by the two- 
thirds power law. His figures for air are inserted in 
Fig. 23 and it will be seen that his points lie above the 
curve which is given by the two-thirds power law. 
Thornton f also gave a series of figures for the breakdown 
of different solid dielectrics which gave curves lying 
above the two-thirds power curve, being fitted more 
accurately by a relation of the form g = AV + BV?, 

The electrodes used by Baur and Thornton were, 
however, as far as the author is aware, not exactly of the 
same form as those treated here, and in any case the 
limitations under which the results might be expected 
to apply to solid dielectrics have been pointed out. As 


_ a further example of the influence of electrode form on 


* Electrician, 1901, vol. 47, p. 758. 
t Philosophical Magazine, 1915, vol. 80, p. 125. 


the law of breakdown, it is easy to show that for elec- 
trodes of the type illustrated in Fig. 24, where the plates 
are taken to be infinitely thin, the law of breakdown to be 
expected is g = BV. For electrodes of finite thickness 
and different edge radii we should expect different laws 
of breakdown which approach the two-thirds law as 
the thickness of the electrodes is increased indefinitely, 
and we obtain sections similar to Fig. 16 (b). 


Fic. 24. 


Wittwer * has recently published results on the 
breakdown of air between electrodes of exactly this 
section, and his results are given in Fig. 23. They agree 
extremely closely with the two-thirds power law. The 
author is indebted to Mr. Goodlet of the Metropolitan- 
Vickers Electrical Co. for figures obtained in a recent 
investigation on the breakdown strength of oil which 
also verify the law experimentally. The electrodes used 
consisted of a 3 ft. 3 in. square plate and a 16 in. X 16 in. 
cylinder, and are shown diagrammatically in Fig. 25. 
The electrodes were immersed in oil, the spacing distance 
g being varied and the average breakdown voltage for 
a number of tests obtained in each position. 

Table 2 gives the observed breakdown voltages and 
those calculated from the formula V = 79: 4g3. 


TABLE 2. 


Spacing distance, 


inches .. . | 2) 4/6; 7) 8 | 9 | 10 
Average breakdown 

voltage, kV 126 | 204 | 261 | 283 | 317 | 335 | 358 
By formula 

V = 79-498 | 126 | 200 | 261 | 291 | 318 | 343 | 369 


It is evident that very close agreement is obtained. 
Preliminary tests using curved electrodes show that the 


To HT. 


To earth 
Fic. 25. 


curve of breakdown voltage lies above the two-thirds 
power curve, as is expected. 

Although the simple assumption that dielectric 
breakdown occurs when the maximum stress in the 
interspace reaches a definite figure characteristic of the 
material gives the correct law of variation of breakdown 
voltage with spacing distance, it cannot give correct 
results for the variation of breakdown voltage as the 


* Loc. cit. 
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radius of the electrode edge is decreased indefinitely, for 
we have seen that the breakdown voltage would have to 
vary as the one-third power of the radius and tend to 
zero with sharp edges. Although of course the mathe- 
matically sharp edge can never exist, we know that in 
practice the breakdown voltage does not decrease as 
much as the law obtained above would suggest. 
Physically this is what could be expected. It is not 
sufficient to have a very high dielectric stress at a point. 
When breakdown occurs by ionization, the energy 
communicated to the ions depends on the integral of 
the electric force along the path between collisions ; 


we may therefore expect that a second necessary | 
condition for breakdown is that the integral of the | 


electric stress from a point on the edge to some definite 
distance away should exceed a definite value. 


it to derive the two-thirds power law. 


More precisely, his assumptions were that the fall of | 


potential from the conductor edge to a point in the 
dielectric where the electrical stress had reached the 
critical value F, has to reach a definite value AY, 
characteristic of the dielectric, before breakdown could 
occur. No criterion appeared to be given for determm- 
ing the numerical value of AV. The effect of taking 
different values of A on the breakdown voltage will now 
be shown. 

To find the point in the dielectric near the corner 
where the electric stress reaches an assigned value F, 
we put ¢ = — 1 + jd in (20) and obtain 


p, = [V0 — 1) +AV@r 1] 
” giv (9) + Ay(— 2 + 98)] 


to define the co-ordinate ô. 
The fall of potential from the electrode edge is given by 


. (28) 


AV = | log on iti] 
| T a— ıl 
I denoting the imaginary part of the expression, so that 
AV = —arc tan — 
or ô = (a — 1) tan TOY g . (29) 


For fixed values of F,,, g, a and AV we may therefore 
determine V from (28) and (29). (28) becomes 


gF? 
[Vie— + Ava F ne: 
where 


f(S) = Ta + N (= + al E + 1|)} 
alg [a+ DF] 
For large values of a or small radii this becomes 
g Fil T À)? 5 

[Via — 1) + Ay(a + 


1)]2 
e Loc. cil. 


y2 = . (30) 


y? = 


Dreyfus * | 
put forward the second condition as the determining | 
factor in dielectric breakdown in all cases and applied | 


or, if AV/V is small, 
V3 = ng FAV 
so that we obtain the two-thirds power law again. 
For larger values of rfg or smaller a, equations (29) 


and (30) were solved numerically and the results for 
different values of AV are given in Table 3. | 


TABLE 3. 


Values of AV, in kilovolts. 


AV (kV) 
r g 
0 0-50 1-00 2-50 5-00 
0-326 | 1-0 18-2 } 20-1 | 212 | 23-1} 25-4 
0-326 | 2-52 | 36-2 | 40-8 | 42-7 | 46-3 | 50-7 
0-326 | 7:93 | 81 92 97 106 116 
0-326 |14 149 | 163 180 


We see that the breakdown voltage obtained is affected 
considerably by the value of AV chosen. We can 
either choose some value of AV from experiment or 
adopt some further criterion to fix its numerical value. 


| Such a criterion is afforded by the Townsend hypothesis * 


which is used to derive the laws governing corona 
formation between concentric cylinders. 

This hypothesis applies the experimental law of 
breakdown of gaseous dielectrics in uniform fields to 
determine the magnitude of AV. If Az is the distance 
from the electrode edge to the point where the stress 
attains the critical value F,,, then the relation between 
AV and Az in air is taken to be 


AV = 1-35 + F, Az . (31) 
F,, having the value 30 kV per cm for air under normal 


conditions. 


For our arrangement of electrodes Ax can be deter- 
mined in terms of ò from (19) so that this additional 


| equation, together with (29) and (30), serves to determine 
| Vand AV completely. 


The solution of these three equations is, however, 
very tedious and we may approximate, as in the Townsend 


| derivation of the law for cylinders, by writing 


AV = 


that is, we take the average of the gradients, Fm, at the 
electrode surface, and the critical gradient F„ at the 
edge of the “ionization zone,” to give Ax. Equation 
(31) then becomes 


Em + En. As 
2 


2AV 
AV = 1-35 + 333 
T+ PaPa 
or, substituting for F', from (27), 
V=1-35 
2AV 


j IF Veeti) eo 


V 
——5 ———_———2 4/2 
Fay? [viet 1) 98 Tai (a+ 1)} v | 
For fixed values of r and a, equations (30) and (32) 


* J. S. TOWNSEND: “Electricity in Gases,” p. 368. S. WHITEHEAD 
“ Dielectrie Phenomena in Gases,” p. 116. 
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now determine V and AV completely. Solving graphic- | whilst to determine AV for air we have 


ally we obtain the following values given in Table 4 for 
AV and FY for fixed radius and varying g. 


TABLE 4. 
For r = 0:326. 
A A A eee 
g, in cm 1 2-52 7-93 14-8 
V, in kV 27-1 53-7 122 188 
AV, in kV 6-86 | 6-85 6-82 6-64 


Fig. 22 gives the curves for the variation of breakdown 
voltage with spacing distance for the values of V given 
in Table 4. 

The laws of corona formation and spark-over for 
concentric cylinders in oil are known to be of the form* 
Fm = Fnl1 + Aly”) 
where Fm is the surface stress on the inner cylinder 
and r the radius of the inner cylinder. This law has 
the same form as for air but has much bigger values 
of A. It must therefore be derivable from the 
Townsend hypothesis and we can therefore obviously 
apply this hypothesis to our form of electrodes for oil 
dielectrics and write, using Peek's values for F, and 
A of 36 kV per cm and 1-2, AV = 26-1 + 36 Az, to 

replace equation (31). 

We should therefore expect equation (32) to apply 
to the breakdown of oil if the constant 1-35 were replaced 
by 26-1 and F,, taken to be 36 kV per cm, these constants 
being of course subject to variation with the physical 
condition of the oil. Equations (30) and (32) should 
therefore serve to determine completely the breakdown 
voltage of oil for this system of electrodes. The actual 
numerical results have not been worked out since no 
experimental data are available for comparison, and 
also because the main object of this section is to point 
out the applicability of this method in determining 
breakdown rather than to advance a complete theory 
of dielectric breakdown between these electrodes. At 
a later date it may be possible to co-ordinate the theory 
with experimental results. 

The same principles are obviously applicable to the 
breakdown of dielectrics between the type of conductors 
treated in Section 2. To determine the point of critical 
stress we have, in place of pe 


oe + ez =) 


where § = a tan a AVIV and 
_ P+? 
1) = + 
where 


sn AA Epia 
Q= PNE o | 


* F. W. Peek: “Dielectric Phenomena in High Voltage Engineering.” 


Ha). -  . (33) 


2AV 
14+[V(0—1)+ Y(0+11V/(Fn9 1/2) 


Equations (33) and (34) can be solved numerically and 
serve to determine V completely. The derivation of 
numerical results has again been deferred until such 
time as experimental data are available. 

In the work of this section it must be remembered 
that in the ionization zone which is set up in the region 


AV=1-35+ (34) 


where the stress is above the critical value, the space 


charge cannot be zero, and that our fundamental equa- 
tion V2V = 0 can only hold, at the most, approximately. 
Since, however, results agreeing with experiment are 
obtained for the wire and the cylinder, assuming this 
equation, we are probably justified in applying it in 
our case. 


(5) THE STRESS DISTRIBUTION ROUND ISOLATED 
CONDUCTORS OF RECTANGULAR SECTION. 


The section of the conductors investigated is shown 
in Fig. 26. The formal solution for the case of square 
conductors was given first by Page.* The corners of 


Fic. 26. 


the section are rounded and we have to find the effect 
of varying the ratios r/d and e/d on the relative stresses 
over CD and at B and E. 

The flux lines AB, EF leaving the centres of the sides 
are taken as lines of symmetry. The transformation 


+ 1) + Ay(t da o>! 


¿(VE Y FAVES , 
a/[(t + a)(t — b)] —l>a 
transforms the half plane of ¿into the plane of z bounded 


as shown in Fig. 26. 
The field determined by 


(35) 


: at 
w= b= => 


where ¢ is the potential function and gp the flux function, 
represents a system in the plane of ¢ in which BE is a 
conductor along which 4 = 0, the flux function changing 


by 7r from B to E. 
If then we take the line BA to be yy = 7r and the line 


EF to be y = 0, the integral for w gives 


¿+ j(a — b) 
ET 


* Loc, cit. 
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The electrostatic stress is given by 


1 
z IVEI) FAVE =D) 


and is constant and equal to 1/4/2 over the curve for 
X= 1. We find in Appendix 3 :— 


Jer = La(z k) — iP (Z, r) } 
qa») sap) 
a" {BG Hy) ) er r) } 
+ (a(S) rr) 
x’) — E(B, wy} 
- EE 


Te = MAG 


OD T ; 
24/(a +b) (a la) ae r) } 
= de 4) z kg ki) y 
l a — >) 
where k= al = re z) v= (5 

a = Ye — N, kı = Y (1 — 4 

(; — 7) 
iag = 5) 
A may, as in the previous sections, be chosen to make 


the dimensions OD, OC of the curve equal, or to give 
curves of uniform stress. 


The results of the numerical work are given in Figs.. 


27, 28 and 29. Fig. 27 gives the shape of the curves 
when A is chosen to make OD and OC equal. Fig. 28 
gives the ratio of the stresses at the mid-points of the 
sides as a function of BO/EO for three values of corner 
radius, À being unity. Fig. 29 gives the ratio of the 


4-0 


yx 
o . 


fAj El 

el = 

% 

£ 2 

77) 
2°0 
1-0 


1) — FAB, x y 


stress over the curved side to the stress at the mid-point 
of the long side as a function of corner radius for three 
ratios of OD/OB, À again being unity. 

We see that for conductors in which one dimension 
is 10 times the other, the stress at the centre of the 
short side may be more than three times the stress at 


For curves of uniform stress 
multiply dimension Y by A 


X 
Fic. 27.—Form of curves for isolated conductor. 


the centre of the long side. It is just as important, 
therefore, to know the stress distribution along the short 
side as round the curve. 


(6) THE CAPACITY OF SYSTEMS OF COAXIAL 
RECTANGULAR CONDUCTORS. 


A knowledge of the capacity of systems of conductors 
having a section as illustrated in Fig. 1 is often required. 
One of its uses is in the determination of the heat 
conductivity of the medium between two such con- 


6 8 
Values of EO/BO 


Fic. 28.— Ratio of stresses at mid-points of sides. 
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ductors, heat being supposed, for example, to be 
generated in the inner conductor. 
If C be the electrostatic capacity of the system, when 


the inner and outer conductors are at different potentials ' 


and the dielectric constant is unity, then it.is weil 
known that the heat conductivity of the medium between 
tHe conductors is 47Co, where ø is the specific thermal 
conductivity of the material filling the interspace, the 
conductors being supposed to be isothermal surfaces. 


4-0 


The method adopted is to calcnlate the increments 
in z and the flux function ¢ from formule (1) and (2) 
as t goes from — œ to + a (Fig. 4). We then get infinite 
terms in the real and imaginary parts of z, and corre- 
sponding infinite terms in 4. By opposing the infinite 
parts of ¢ and z we get a relation between the total 
charge carried by the conductor and the length of the 
conductor between any two points, which allows the 
correction to the capacity to be calculated. 


Curve A. EO/BO = 8 
u B X l u 


at B 


Stress over CD 


0:10 ` 015 
Values of OD/ (20B) 


Fic. 29.—Ratio of stress over curved side to stress at mid-point of short side. 


(a) Infinite sides—The only method at present 
available for dealing with the capacity of such systems 


is the formula given in Jean’s “ Electricity and Magnet- | 
ism ” (p. 277, 4th edn.), for the correction to the capacity 
of a Leyden jar due to the bend at the corner, the | 
problem being first discussed in J. J. Thomson's “ Recent . 
The method deals with a system of | 
conductors of the section shown in Fig. 30, the sides | 


Researches.” 


BC, ED, BA, EF extending to infinity. 

The capacity has to be calculated as though it con- 
sisted of two parallel plate condensers of plate breadths 
AB + x, and BC + x, and spacing distances g and h 
respectively, where x, and 2, are corrections for the 
disturbance of the lines of force due to the corner, 
given by 


1 h? + g? y 
ips -dg log =r + 2h aro tan] } m 
1 R? + g? AY l 
= —<h] = 
To -f og 27 + 2g arc tan Ai 


For h = g we may take the equivalent plate breadth 
to be 


AB + BC+ 2 
x = g[i — (2 log, 2)/7r] = 0-558g . . (37) 


(b) Infinite sides, rounded corners.—The effect on the 
capacity of the above system of rounding the corners 
of the inner conductor is now investigated, the curves 
of uniform stress determined in section 2 (a) being 
supposed used. 


where 


We find in Appendix 4 that for equal spacing dis- 
tances, h = g, the capacity should be calculated as for 
a parallel-plate condenser of breadth AO + OD + z 


E D 


Fic. 30. 


O being the point of intersection of the sides produced 
(Fig. 4), and 


| æ= 2r + {A G) = 1 bare tan, (53) 


(1 Ep 
vafi EE poes 
= NS log (b + 1) — 2 log (b — 1) (38) 


the ratio of the “ radius ” of the curve to the spacing 


THE DISTRIBUTION OF ELECTRICAL STRESS ROUND CONDUCTORS. 


403 


distance being defined by equations (8). When the 
radius tends to zero, b tends to infinity and (38) becomes 
x = 27 — 4log 2 = g [1 — (2 log, 2)/77] 


which is the result obtained in (37). 
The numerical values of x/g for different corner radii 
are given in Fig. 31. The effect of rounding the corners 


Values of 7/7 


of the notation the reader may be referred to Dr. Carter’s 
paper * or to Cayley’s treatise on “ Elliptic Functions.” 
The Jacobean elliptic functions -sn a, etc., can be 
evaluated by expressing in terms of (+) functions and the 
relative dimensions of the conductors thus determined. 
They evidently depend on the quantities a and k or $ 
and k. The problem of determining f and k to give 


Fic. 31.—Capacity correction for rounded corners. 


is, as would be expected, to reduce the capacity of the 
system by an amount corresponding approximately to 
the reduction in the length of conductor due to the 
curve. | 

(c) Two sides finite, square corners.—Since in practice 
we often have cases where one side of the conductor is 
short compared with the spacing distance, it is necessary 
to calculate the effect on 2 of reducing the length of 
the side CC’ (Fig. 11). The results will then give the 
limits within which the formulz (36) are valid. 

The problem is attacked by using the transformations 
(16). It is shown in Appendix 1, by a process similar 


to that of section 6 (b), that the capacity may be com- | 


puted as for a‘parallel-plate condenser of plate breadth 
2(AC + CD + 2) and spacing distance g, where x, g, 


d and h are expressed in terms of elliptic functions as © 


follows :— 
m, dn a 1 
2j snacna a 


d= K1- 


g = 


ke era Gia (a) } 
-dn a 


N-a snacna 2 oe 2k? O) 
aa (E E Br( 1 7 aoe Zla) y 


1 dn a 
+ —_ 


cn a dn a T 


where a= 
tions and k = complementary modulus. 


JOUE’ — aD | | 
2sna ES) - (39) 


= jB, k = modulus of the elliptic func- | 
For the rest : 


the required e is, in general, laborious. If, 
however, we take a = K — j}K’, i.e. B = 4K’, we find 
that for values of k a 0:5 to unity we get a series of 
conductors for which the ratio h/g varies only from 
1-03 to unity, whilst d/g varies from 0-3 to infinity. 
We can therefore choose this series of conductors to 
investigate the behaviour of the capacity correction 
with varying values of dfg. 


Values of 2 


05 2:0 


1-0 
Values of 2CD/y 
Fic. 32.—Values of capacity correttion. 


Substituting $ =4K' in (39) we obtain 


Joe i (dz) 


y = 
m. 1+k T 
q. TS Ki - ax} 
l+k | 
_gfir* 40 
h= K’{ 2L (40) 


® Loc. cit. 
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For different values of k; K, K’ and q may be obtained 
from tables of elliptic functions and the correction 
computed. 

The case of Section 6 (a), where d/g is infinite, is 
obtained by putting k = 1 in the above equation. We 
obtain, using the relations log (1 — k) = log 8 — 2K 
fork ~ 1, 


TT 2 2 | 
= -| 1 — — = — — log 2 
x JE = log 2 | JE a og 


which is the result obtained in (37). 

Fig. 32 gives values of x/g for values of d/g varying 
from 0-3 to infinity. It is seen that when djg is of 
the order of unity the correction is given by the methods 
of Section 6 (a) to within 1 part in 1 000. 


(7) OTHER PROBLEMS INVOLVING CURVED ELECTRODES. 


The methods used in this paper may obviously be 
applied to a variety of other forms of electrode. 

For the plate condenser of finite thickness and rounded 
corners shown in Fig. 33 we should apply a transforma- 
tion of the type 


e= [Wt NV EDV“ EAV 
t 


w = log t 


and choose a, b and c to give suitable ratios of g, r and t. 


ba 
A B 
£=-1 
t=} 


Fig. 34. 


As a final example, the conductors of Fig. 34, where 
A and B are at the same potential, can be treated by 
the transformations 


VE- DAVED; 
I aye 


ea 
In conclusion, since the greater part of this work was 
carried out at the request of the Metropolitan-Vickers 
Electrical Co. the author has to thank Mr. A. P. M. 
Fleming, C.B.E., for his assent to publication, and 
Messrs. B. L. Goodlet and B. G. Churcher for much 
helpful discussion. 
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APPENDIX 1. 
CAPACITY OF COAXIAL RECTANGLES, ONE DIMENSION 
INFINITE. 
The transformations 
(1 — ¿21 dt 
= ——_-—__——— .. . (4l 
r fer i (1 — sn? af?) (41) 


1 É : -1) 
X= $ + jb = -log —_ — ; 
(++) 


give the field between the conductors of Fig. 11. To 
evaluate the integral (41) we reduce to elliptic functions 
by the substitution t = sn u, and since di = cn u dn u 
we obtain 


y (A cn? udu = {f i 
= Ji — kêsnasn u 


dna k2 sn a cn a dn a sn? u 


(42) 


dnĉ2 asnu ` 
siaaa aa oe 
l — k*sn“asn*? u 


=— maca 1 — k?sn? a sn? y 
dn a 

mt TS a) 
dn a O(u — a) 


{ uZ(a) + Hog Sep. 48) 


k?snacna 


i a i i <r i, nt ee i 


t 
Miaa ~ae “ a O A A AE. ie = le nee pin 


Sees ae i rm A 
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Z(a) being given in terms of @ functions by Zia A The 
limits of the integral are given by 
PointD, t= 0 .u=0 
» Ct=1 u=K | 
» A, t= ʻ u = a + jK’, since 
Daa aT 

» Ft=; ~u = K+ 9K’ | 
» Ejt=0w <. u = JK 

We also note that since 7 — = > 1 we must have a 


complex and may put a = K — JB. 
To obtain the lengths of the sides CD and CA we 
therefore put u = a + jK’ = K + jK’ — jß in (43), 


giving the value of z for t = 
zero from (43). 


i = q + being zero for u 
We have therefore 


dna 
CD+jCA= K’ —7 
+jCA=(K+jK iB) { 1- Paaa: Zla) | 
] dna O(jK’—J6)s—0 
kK? sn a cn a log Q2K+jK' — 278) (44) 
Ò being a term tending to zero as ¢ tends to 
ksna, 


introduced since © (jK’ — jò) tends to zero with ò and the 
logarithmic term becomes infinite. 


Noting that 
dn a OK" — 58) 
snama © I l8 TRA 


are real terms we find 
dna 


ksnacn a (45) 


cD=d=K{1- 


za). 


To determine k we put u = jK’ in (43) and find 


dna 
k2 sn a cn ao) } 
dna OUE’ — a) 


~ sn a cn a “8 OK’ + a) 


=a 0 = ioe acna Zla) } 


dn a aae fm. } 
hamaca ja 


DE =ħ=jK'{1 = 


g is determined by substituting ¢ = 7 = 


of the integral for z at the point ¢ = 7 ; , Le. 


sna 
] ae : 
( — sn? =) 1 


sn? a 
T dna 


. (46) 


in the residue 
a 


- (47) 


The basis of the method is given in Appendix I of Dr. 
Carter's paper * and follows from complex variable 
theory. 

The dimensions of the conductors are thus determined 
by (44), (45), (46) and (47) in terms of the parameters a 
and k. 


To determine the capacity we have to calculate the 
charge carried by the inner conductors CD and CA as A 
moves to infinity. This is given by the increment in 
$ as u goes from 0 to'a + j(K’ — 6). 


This is given by 
1 
| a (K’ — § 
pies fo (ti eb k , Ô being small 
2/ (lc sn a) 
= lio { _ 1 k sn a 
=r lesa ksn(a—jos 2 
1 . cn a dna 
= log (— jð 2sna ) 
1 .cnadna 


Now the infinite term in (44) is log @(jK’ — jd) ; we must 
therefore express it in terms of the infinite term in (48), 
log ò. 


We have log @(jK’ — jò) = log N ( Jame log 5 


as 9 > infinity. Thus, taking the total length of inner 
conductor, we find 
Zla) } 


CD + CA = (K-K + BL gS — 


2kk'K 
T 


dn a 
snacna 


j dna P 
T 21 nasa log @{j(K’ — 2B)} 


] d 2kk'K 
-e mama 7 tle IN 
log (- ja a dn “)} 
2sna 
Thus, since 
jr dna 
~ %2cnasna 
gp = CD + CA+2 
where 
—j dn a 


=k cnasna 
, (=) 2sna 
[108 OGK'—- 258) — 10 (ES T ); cnadn aqt =a} | 


When the complex value of a = K — jf is substituted 
in (49), x will be found to be a ony quantity. 

Since the charge on the inner conductors is ¢/(47) 
and the potential difference between the conductors 


unity, the capacity is given by 
1 
—{CD + CA + x 
Ang } 
s Loc, cit. 
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The capacity has thus to be calculated as for a parallel 
plate condenser of plate breadths CD + CA + x= and 
spacing distance g, x being the correction due to the bend. 

As a special case we may put a = K — ¿jK', i.e. 


B = 4K’. Then 

ee eae 

Sn a, Ch a 
d 

cn a oi (1 k) 

sna 
7 [1 — k) 

Za) = Jog 1 


log OK" — 258) =108 (E) 


Then (45), (46), (47) and (49) reduce to . 
l+k TT 
lx) 


IT 

_ 7 . (50 

I= > (50) 
K 


[tk 
a ( 2k ) 

1 2./K 

2k log qt(1 — k) E E 
where q = e-"K"IKE 


== 


- 5) (Ge ~ aR) 


For this value of a, g is approximately equal to h over | ` 


a very large range of k. By varying k we may therefore 
investigate the variation of the capacity correction zx 
with the dimension d. 


APPENDIX 2. 
We have to evaluate the integral 
q [PEED EVEN + 1) +v(t — 
VIt — a) (t — b)] 


between the limits — 1 and + 1, + 1 and a, a and b. 
For the region a < t < b we substitute 


b — t = (b — a) sin? $ 


Vab>a>1 (61)* 


and obtain 
DE = Y%AY(b + > a: r= y sin? $) de 
val 1+? =* int $) 


-avo + 023 (553) | 
+ 2j/(b — DE| 3 y G=] 


E E k) denoting the complete elliptic integral of the 


second kind to modulus k. 
* See equation (28) on page 895, 


(52) 


| 
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For the region —1<t<a we substitute ¢+ 1 


== (a + 1) sin? ġ in the first integral in (51) and obtain 


YVe+na (241) sin? gad 
y [(6— a) (¢—b)) | v(0+1) Tar. 
-i MJ ses) 
iw 
| dd 
=2/(b+1)|77__aa1...\ 
ene) 


: jr 1 
—2/(b nf (1-54 sinte a 
savom (rEg JED] 
als VFA) I} 


Since OC is given by the real part of the integral (51) 
as t goes from + 1 to — 1, 


. (53) 


+1 
OC La . (54) 
$ 
= | 2A+/(b + jee a 
| E ES 
— 2A4/(b + JS l — ; sin? S 
ES JUE b+1 y 
ale. D) - (55) 
2 


where sin? ġ = A 


The substitution + — 1 = (a — 1) sin? reduces the 
second integral in (51) and 


f: vt- 1 
vV[(t — a) (t — b)] 
+1 
cl 
— sint $) 


[os 209 
= 24/(b — 1) {r rz, VG) 
LEG) 


. (56) 
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Thus from (53) and (56) 
OD = 2AV/(b + n{rl z, ME) | 
AS 
+ 21/(b — al n o J 


We have finally to evaluate 


. (67) 


+1 
y (t — Dat 


Mer Vit = 4) (a 


ee sin? 
The substitution t— 1 = (1 — a) —, 
cos? $ 


integral to 


2(1— a) (sin? ¢ E 
y (b — dls V(00-3 E b— a in? $) 


7 -2v0-0[ [vl (1 — >= Fein? 4)ag 


+ tan (1 a =S sin? q) | 
= 2v6- n{x] $. yl ez | 
ner D 5 


ae sin? 6’ = N (3) ; 


. (58) 


| APPENDIX 3. 
We have to evaluate the integral from equation (35) 


vit + 1) + ÀV(t— Dy 


“Vie + @) (OI 
We have 
=| 
(O vetn 
BO = Etre 
= +1 ea 
7s f: VIE + aj- yy e 
atl vit 1) å 
zaj: verge" MY 


$ reduces the 
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The substitutions 
t = (a — 1) sin? 8 — a and t= (a +1) sin? ß,— a 


reduce the integrals in (59) to 
a7 i 
BO = 2; v( oe ¡m2 ) 
jy/ (a+b) e 137 sin? Bap 


M | 
PE Vieth aer 


+A (a+b) IK NJ ¡E sins 2 B,JaB, 


waives o Ne 


=% (a+b) { BCE, e) ¡pz (Z, x) $ 
+29 (a+) 4 (5 A r’) )-x2r(g,10)) . (61) 
k =V(45) ; k, =y/(1 — 4 


v- 


+I, y l 
E) Van 


-m 
ee eT 


in? Bs) 


where 


The integral (60) has the same form as the second 


integral in (59), the limits being given by 


sin? B, = (a — 1)/(a + 1) when ¿ = — 1 
Bı = $r, when t = + 1 


We therefore find 
CO = 2Ay (a + b) E& — E(B, k’) 
= qe x’) —FIB, b+) y | (62) 
For the remaining dimensions we have 
(vero 
EO = UT 
-1 
b 
V(t — 1) 
INESIS o = (s) 
Viet) 
DO = ; 
tia ver 
The substitutions 


=b — (b + 1) sin? f’, t= b— (b— 1) sin? B 
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reduce the integrals in (63) to 


EO=2wY ( crol fl (- z sin? B’)a 

0 
a— ag 
ince >) 


i 


savera! [Vot sin? B)ag 
jr 
nf o ae 

a+b N sin? >} 


ir 


= 4/2(a-+b) EG h,)-8r(2. 1) } 
(apa) erp) 
The integral in (64) has the limits given by 
sin? B’ = (b — 1)/(b + 
and B=}7 whent=-— 1 
so that 


DO = 24/(a + a| La(z r) — er t,)) 


— (BIR, hy) — FB, do) | 
(b — 1/(b + 1). 


1) whent= +1 


where sin? B aa 


APPENDIX 4. 
CAPACITY CORRECTION WITH ROUNDED CORNERS. 


We have from (2) and (3) * 
z= — q (2t 2) are tan y (2 — Tu + log = 
a (5) (239 ar an \(°= 2) | 
+EH) eB? o + (65) 


ED EE 


(b — aju? + (1 + a) 


l— u 


t 


$ = log (a — 2) = log 


y ita] 
l— ui 


. (66) 


We have to find the total charge on the inner conductor 
as 2 takes infinite real and imaginary values, i.e. as £ 
goes to — wand + a. 


* See page 387, 


From (65), since u = u, = last = —o, 
z =- (Zt E arc tan VS =) + log 4—log(1—u?) 
ES x >) ==) | arc tan NE) 
see) gt 
— VEŠ) log (1— u?) +C 


and substituting from (66) for the infinite terms 
log (1 — u?) and log (1 — uf) 


Enc ie tare tangy (73) 
+ (Es ea ) aro ta WE 
a (55) > es 


+log (b+4+-1) + Eo (b-1)-C (67) 


Since as t goes from — 1 to a, wand u, become imaginary 
we are left with C as the only real term in z. Hence 
2, — C represents the length of the side OA in Fig. 4 
as A moves to infinity. 

As t approaches a, 


E). w= WG) 

ae i (242) 10 es 
Ae 
veges 

+ (E 7 arc tan NE) +0 
[N(CH 570) Jos 
Mita Mn i) aro tan (== 
cl rE) tog (147302) 

ALE Jes OSH) 


{ (=) ate 
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Now from (66) 
log (147 u2) = log (a—?t) +10g (1—u?) —log (1+a) 


log (1 + ad) = 
EN 


log (a—t) +10g (1— u)— log (a— 1) 
Hence 


ES E = Jrs 
cn Dacian (222) 
+ (FE) we Fier 
b—1 
ENE) Jrs Gan 
ES a) Den EN EJ) kato | 


The length of the side OD is given i Zą — C = —jOD. 
Now the charge on the whole inner conductor is given by 


IGEN 


1 1 OA + 2%, 
© «an 
OD + 2, 
+ 3) q 1 
VEE) (Ea) 


where 
z = q (E 2) are tan (23) 
+ NGH eFI (==) Jare tan y2 
la e seat 3) 108 4 + log (0 + 1) 


+ yG p) be — 
and 
a= are tan (5) +2, (> p+ *) are tan |(2—) 
ES ia) =a) oT 
63) in pae T 


-VE e MA =} ioga (68) 
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or using the relations. 
b+ 1 
ae pin : a 


T E Tay 


| | l AÑ ps 
Total ch = —4 == y cre (69) 
otal charge Í E 7 ) 


Formula (69) gives the charge on two sets of parallel 


| plates of breadths (OA+2,) and (OD + a) and 


spacing distances g and h respectively when the opposite 
plates are at a potential difference 7. In our case, 
therefore, we calculate the capacity as for two parallel- 
plate condensers of plate breadths OA + x, and OD + 2, 
and spacing distances g and h, x, and x, being the 
corrections for the corner. 

_ The most usual case is for g=h. 
relations (7) to simplify (69) and find 


z= (6) are tan (R) +2 arc tan (E) 
[+ (5) ] log 4 + log (b+ 1) 
+4) G) log (b—1) 
2,=2 arc tan y GH SEEN Es 5) arc tan N (=) 
ENE ne) neo 
— log (b—1) “fu log 4 


and writing 
b+ 1 _ 7 y b— ) 
arc tan y (5) =o arc tan (z 71 


the total correction is 


wasn af (22) 1 ue an |) 
a+ A log 4+ NES] log 2b 


ER as =) log (b+ 1)—2 log (b— !) 


We then use 
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SQUIRREL-CAGE INDUCTION MOTORS. 


By D. B. Hoseason, Associate Member. 


(Paper first received 31st May, and in final form 12th October, 1927; read before THE INSTITUTION 15th December and before the 
NORTH-EASTERN CENTRE 12th December, 1927, also before the NORTH-WESTERN CENTRE 0th January, 1928.) 


SUMMARY. 


In this paper the principal features of an electric motor 
are discussed and the characteristics of the squirrel-cage 
machine are considered in relation to them. The disadvan- 
tages of the squirrel-cage motor are then examined and their 
importance on certain types of drive is considered. These 
disadvantages are mainly connected with the poor starting 
performance of the motor, and various methods of over- 
coming the starting difficulties are dealt with. A centrifugal 
clutch is described which enables a motor with a star-delta 
startor to start heavy loads with comparatively small starting 
currents. The characteristics of high-resistance rotors for 
both continuously-rated and short-rated motors are discussed, 
and various other devices for the improvement of starting 
performance are reviewed. The advantages of the double- 
squitrel-cage rotor over many of the alternative proposals 
are then described. l 

A close examination of the starting currents drawn by 
squirrel-cage motors under various conditions of starting is 
made and the subject is considéred from the point of view 
of the supply engineer. Records of the current peaks on 
various feéders are given, the characteristics of every motor 
on each feeder being known.. Additional records show the 
effect of the diversity factdr for these current peaks on the 
current of the transformer supplying several feeders, and on 
a complete substation. Finally, the regulations of certain 
supply undertakings for the installation of squirrel-cage 
motors are examined and the following general regulation 
is evolved :— 

The starting current of any of the induction motors in 
an installation, when expressed in terms of full-load current, 
must not exceed 
total installed h.p. 


4 x motor h.p. 


$+ 


TABLE OF CONTENTS. 
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(2) The characteristics of an electric motor. 
(3) The squirrel-cage induction motor. 
(4) Starting devices for continuously rated motors. 
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. (b) High-resistance rotors. 
(c) The “ Wal” composite conductor, and 
others. 
(4) Double-squirrel-cage rotors. 
(5) Starting devices for short-rated motors. 
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(1) INTRODUCTION. 


The invention of the induction motor in 1888 by 
Nikola Tesla probably did more to spread the use of 


electricity than any other device produced in those 
early days of electrical engineering. Dolivo Dobro- 
wolski developed in 1890 what is believed to be the 
first squirrel-cage motor, and when this mafhine is 
examined the outward similarity between it and the 
present squirrel-cage motor is such that the question 
may well be asked as to what improvements have 
taken place during the last 30 years. 

Although unchanged in general appearance, very 
considerable advances have been made in the design 
and manufacture of these machines, particularly since 
the War, and their field of application has now been 
extended so far that the time seems opportune for 
some record of the position. 

The general construction of the induction motor has 
been improved in many details. The introduction of 
ball and roller bearings has enabled smaller air-gaps to 
be employed and machines with long cores and small 
diameters to be manufactured without difficulty. These 
have led to higher power factors and higher efficiencies, 
by reason of the smaller magnetizing current and the 
higher ratio of active to inactive copper. Electric arc 
welding and improved methods of brazing have resulted 
in the present-day indestructible rotor. With these 
and many other constructional improvements to aid 
him the designer has now produced machines with 
such a variety of characteristics that the field of 


- application of the squirrel-cage motor has been increased 


many times. The advance has been so rapid of recent 
years that many engineers not directly concerned with 
the manufacture have lost touch with these develop- 
ments. This has led to the unnecessary continuance 
of restrictions by supply engineers and the failure to 
buy the most suitable equipment on the part of con- 
sumers, largely because the facts have not been made 
clear to them. 


(2) THE CHARACTERISTICS OF AN ELECTRIC MOTOR. 


When comparing one type of motor with another, three 
principal features have to be considered, namely, eff- 
ciency, reliability and initial cost. Itis a simple matter to 
express the relative values of efficiency and initial cost, 
and the two should be considered jointly to a much 
greater degree than is the general practice at present. 
In demonstration of this a typical case is given of an 
installation employing a 50-h.p. 720-r.p.m. motor. 
Two operating conditions might exist: (1) day shift, 
or (2) day shift and night shift., The conditions would 
also be influenced to some extent by the value of 
capital to the consumer, e.g. whether (A) a small trader 
paying 10 per cent on his capital, or (B) a Corporation | 
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paying only 5 per cent. The cost of power is assumed 
to be 0-5d. per unit. 


TABLE 1. 


(4) (B) 


(1) Day shift 
Initial cost—motor and startor, £120 
Mean load = 37 h.p., say 
Annual cost of power 
_ 387x746 0-5 
0-89 240 
Depreciation at 20 years’ life (sink- 
ing fund at 3 per cent i ae 
interest) ‘ 
Interest on capital 


— x 2500 | £162 | £162 


£4-5 £4-5 
£12 £6 


Total annual cost £178-5 | £172:5 


An improvement of 1 per cent in efficiency would 
reduce the power bill by £1:8 per annum, hence the 
small trader would be justified in paying up to 11 per 
cent more in: first cost for 1 per cent higher efficiency, 
while the Corporation would be justified in paying up 
to 17 per cent more for 1 per cent higher efficiency. 


i 


TABLE 2. 


(2) Day shift and night shift 
Initial cost—motor and startor, £120 
Mean load = 37 h.p., say 

Annual cost of power 
37x746 05 
0-89 240 
Depreciation at 15 years’ life (sink- 
ing fund at 3 per cent compound 
interest) 
Interest on capital 


x 6000 | £324 £324 


£6°5 £6-5 ` 
£12 £6 


Total annual cost £342-5 | £336:5 


In this case an improvement of 1 per cent in 
efficiency would reduce the power bill by £3-6, hence 
1 per cent higher efficiency would be worth up to 20 
per cent higher initial cost to the small trader, and 
29 per cent to the Corporation. 

The case for the efficient motor is so emphatic that 
it is unfortunate that manufacturers do not take some 
steps to educate the great number of non-technical 
consumers now buying largely on first cost. Much 
criticism has been levelled against the consulting 


engineers in the past for restricting progress, but they 


do undoubtedly prevent consumers from buying blindly 
on price. 

It is much more difficult to deal with the question 
of reliability than with that of first cost and efficiency. 


By reliability is meant the probability of freedom from 
accidental breakdown as distinct from ordinary depre- 
ciation. The usual depreciation charge covers the 
wearing out and general collapse of a machine, together 
with an estimated amount to cover obsolescence due to 
competition from improved apparatus. In regard to 
breakdowns, however, it is difficult to obtain any 
useful statistics and the subject is complicated by the 
interdependence between the various processes in a 
factory. In one case it will be possible for a motor to 


‘break down without interfering in any way with the 


production of other machines, whilst in other instances 
a fault in one motor may cause a stoppage of almost 
the entire factory. It is only possible to indicate the 
limits between which the value of reliability lies. Some 


TABLE 3. 


(a) (b) 


Installation of 200 motors costing, 
say, £5000. With accidents at 
1 per cent, 2 motors break down 
per annum, and value = £50 

Cost of repair at 50 per cent of 
motor first cost 

Usual production of goods per 
annum by these 2 motors = 
£2 500 

Loss of output in 14 days 


1-5 
= 775 % 2500 =£14. 


Loss of profit at 10 per cent 
Indirect loss due to continuance of 
factory expense : 
Factory expense = 100 per cent 
(labour + material) .. se £7 


£25 £25 


£1-4 | £14 


£70 


£33°4 £109 


idea of the importance of this subject is conveyed by 
Table 3, in which alternative (4) assumes that only 
the production of the motor which fails is affected, 
whilst alternative (5) assumes that the stoppage extends 
to 10 per cent of the installation. A highly organized 
works with a full quota of spares can limit a breakdown 
time to 6 or 8 hours, but an average time seems to be 
something of the order of 36 hours, or 14 working days. 
The number of straight accidental breakdowns in an 
average factory appears to be between 0-5 per cent and 
1-0 per cent per annum of the total machines installed. 

These figures indicate that in the annual running 


| cost an insurance charge should be included of 0-67 per 


cent in the case of the motor not affecting other pro- 
cesses, and 2-2 per cent in the case of a motor which 
would shut down 10 per cent of the factory in the event 
of a breakdown. | 

Referring these insurance charges back to Table 1, 
column (A), it is found that the charges would amount 
to £0-80 and £2-7 per annum for the 50-h.p. motor 
there considered. If it were possible to reduce the 
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liability to breakdown to 0:5 per cent, these charges 
would become £0:40 and £1:°4, and the increased 
reliability would be worth about 2% per cent and 
84 per cent respectively greater initial cost in the two 
cases. In the case of a Corporation the value of the 
greater reliability would be about 4 per cent and 
13 per cent increased initial cost respectively. 

In certain industries motors are used which in the 
event of their breakdown would stop 75 per cent of 
the production. In the case of these machines the 
insurance charge would be very considerable and might 
even become a greater sum than the interest charged 
on the motor, thus justifying a complete spare machine 
mounted in position with a throw-over clutch with 
which to carry on in the event of a breakdown of the 
first motor. 

The consumer is faced with a very considerable 
difficulty in having to assess the degree of reliability 
of various manufacturers’ products, but it is not so 


(b) Those in which the load comes on as the motor 
starts, such as fans. 

(c) Short-time-rated applications requiring high break- 
away torque, e.g. cranes. 


(3) THE SQUIRREL-CAGE INDUCTION MOTOR. 


The induction motor is inherently a high-efficiency 
machine, since it has the useful characteristic of being 
self-regulating in adjusting its field ampere-turns to 
suit the armature ampere-turns. This gives it a com- 
paratively high efficiency over a wide range of loads. 
In this feature it has the advantage over d.c. shunt 
motors and synchronous machines whose field ampere- 
turns remain fixed at the value necessary to meet the 
maximum overload conditions. This necessarily means 
larger constant losses in the case of these machines 
than in that of the induction motor, and also lower 
efficiencies. Table 4 will emphasize this point and 
has been constructed on a basis of the motors com- 


TABLE 4. 


Rating Type 


10 h.p., 960 r.p.m. 

— d.c. shunt motor 

500 h.p., 480 r.p.m. 
500 r.p.m. 


difficult to choose between one type of motor and 
another, provided that the performance characteristics 
are suitable for the drive in each case. 

All motor applications can be divided roughly into 
two classes : 


(1) Those which require speed variation between 
wide limits, and other characteristics usually 
involving special d.c. machines. 

(2 Those requiring a constant speed (or a number 
of constant speeds) such as is met by the 
induction motor, either single-speed or pole- 
changing, and by the shunt-wound d.c. motor. 


There are many drives which necessarily fall into 
class (1) above, and these are outside the scope of this 
paper. There are also a number which from the point 
of ‘view of operation would be better in class (1) but 
which nevertheless can be put in class (2). These will 
be referred to in the paper because it is possible that 
a small loss in operating efficiency may be more than 
offset by improved reliability and actual power efficiency. 
By far the largest number of drives fall definitely into 
class (2), and the author will endeavour in the case of 
these to show that the squirrel-cage motor can give 
better service than any of the alternatives available. 

The drives in class (2) can again be segregated into : 


(a) Those in which the motor starts on partial load 
-and the balance is applied when up to speed, 
such as line shaíts. 


Polyphase squirrel-cage motor 


Polyphase squirrel-cage motor 
Salient-pole synchronous motor 


Efficiency 
No-load losses - 
Full load 3 load 3 load 
kW per cent per cent per cent 
0:45 88 88 86 
0-58 84 84 82-5 
14 93-5 93 91:5 
16 94 93 90:5 


pared having approximately the same weight of active 
material. 

The squirrel-cage motor has usually both a higher 
efficiency and a higher power factor than the cor- 
responding slip-ring motor, and is thus to be preferred 
to the latter. Attention was drawn to the relative 
importance of efficiency in the preceding section, and 
for general industrial work the squirrel-cage motor 
offers the consumer a more profitable investment than 
any of the alternatives available. 

On the score of reliability the squirrel-cage motor 
again has very distinct advantages. The Technical 
Report of the British Engine, Boiler and Electrical 
Insurance Co., Ltd., for 1922, gives some useful figures 
in connection with breakdowns of electrical machinery. 


TABLE 5. 

Location of breakdowns Per cent 

Armatures and rotors 38.3 
Magnet coils and stators .. 18-1 
Commutators, brushgear and slip-rings : 12-1 
Miscellaneous aoe a as oe 11-4 
Startors ie Sa on ee ca 20-1 
Total 100:0 
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- Taking the breakdowns of machines only, it is found 
that these are distributed 63 per cent on armatures, 
commutators, slip-rings and brushgear, with only 37 per 
cent elsewhere. Hence it would seem that the squirrel- 
cage motor has a “‘ probability of breakdown ” of about 
45 per cent of that of electrical machines in general. 
The squirrel-cage motor is the cheapest form of motor 
available; even when employed with an auto-trans- 
former startor it shows a substantial saving over a 
slip-ring motor’ and startor, and has the operating 
advantages in regard to efficiency and reliability already 
discussed. The comparative costs of 20-h.p. 1 000-r.p.m. 
motors of various types are shown in Table 6. 


TABLE 6. 
Per cent 
D.C. shunt motor with faceplate startor .. 100 
Slip-ring motor with faceplate startor .. 105 
Squirrel-cage motor with auto-startor .. 80 
Squirrel-cage motor with star-delta startor 65 
Squirrel-cage motor with direct startor .. 65 


The case for installing squirrel-cage motors is such 
that minor advantages of other types of motors are 
frequently outweighed. Its field of application is, 
however, limited to drives requiring a constant speed, 
_ or a group of two, three or four constant speeds such 
as is obtained from the pole-changing and two-winding 
squirrel-cage motors. A further limitation to the 
installation of squirrel-cage motors is their starting 
performance. This has undoubtedly prevented their 
use in many cases where they would otherwise have 
been ideally suited. In some cases the squirrel-cage 
motor has been turned down as having insufficient 
starting torque for the duty required, but more generally 
the objection has been that excessive current would 
be drawn from the line to get the load away. 

The torque developed by a squirrel-cage motor when 
thrown direct on the supply is from 100 per cent to 
250 per cent of full load, and there is in reality no 
difficulty in making a squirrel-cage motor start any 
load, provided that the starting period is not such as 
to cause the machine to overheat. In just the same 
manner as an auto-transformer is frequently employed 
to lower the voltage and reduce the torque at starting, 
it can also be employed to raise the voltage and increase 
the torque. The objections to the starting performance 
of the squirrel-cage motor then become entirely objec- 
tions to the current drawn from the line when starting 
against the torque required. 

One argument occasionally put forward against the 
squirrel-cage motor is that when it is pulled out of step 
by an excessive overload the current rises to the full 
short-circuit current of 5 or 6 times full load. The 
weakness of this objection, however, lies not in the 
facts, which are true, but in the behaviour of the slip- 
ring motor substituted. This machine when up to 
speed has its rotor short-circuited and, if pulled out of 
step, draws much the same current from the line as the 
squirrel-cage motor. 


The problem of the starting of squirrel-cage motors 
is undoubtedly the main difficulty in the way of 
installing these machines, and is best dealt with by 
considering the three distinct types of duty referred to 
as (a), (b) and (c) below. : | 

(a) Those drives in which the motor starts on partial 
load and in which full load is only applied after the 
motor has attained full speed.—The majority of line- 
shaft drives fall under this heading, together with 
individual machine tools and many general industrial 
applications. The starting torques required in these 
cases vary from 30 per cent to 60 per cent of full load, 
the torque required during acceleration generally being 
some 80 per cent of the static torque unless there is 
any appreciable windage or fanning action in the driven 
machinery. If the torque required is less than about 
40 per cent of full load a star-delta startor and standard 
squirrel-cage motor could be employed, but as only a 
small percentage of the drives require below 40 per cent 
of full-load torque, and as the torque necessary 1S 
difficult to predetermine, most installation engineers 
prefer to keep on the safe side and install auto-trans- 
former startors using the 75 per cent tapping. This 
75 per cent tapping gives 70 per cent of full-load torque 
with the average 50-cycle motor of less than 100 h.p. 

(b) Those drives in which the motor starts against full 
load or in which full load is automatically applied during 
the accelerating period, such as fans.—Where the motor 
has to start against full load, if an ordinary squirrel- 
cage machine is employed it is necessary to use a 
direct startor or some form of clutch. If the load 
rises with the speed, as in a fan, provided that the 
motor torque is always in excess of that required by 
the load, an auto-transformer on its 75 per cent tapping 
can be used. This auto-transformer would give 70 per 
cent of full-load torque at standstill with a standard 
50-cycle squirrel-cage motor, the motor torque gradually 
increasing to about 140 per cent of full load at 80 or 
90 per cent of synchronous speed. 

Since the same devices apply for improving the 
starting performance in this case and in that of the drives 
given in (a), the two are grouped together under ‘‘ Con- 
tinuously rated motors ” in the succeeding section. 

(c) Short-rated applications requiring high breakaway 
torque.—Motors for use on cranes, elevators and winches, 
fall into this class. Until comparatively recently it 
has only been considered practicable to use slip-ring 
motors for these drives, but it has now been shown 
that squirrel-cage motors can give satisfactory operation 
in a great many cases. With gantry cranes this results 
in an appreciable saving in cross-girder leads, which, 
together with cheaper control gear and motors, gives 
a much lower initial cost for the squirrel-cage than for 
the slip-ring equipment. 


(4) STARTING. DEVICES FOR CONTINUOUSLY RATED 
MOTORS. 


(a) Clutches.—Probably the earliest method used to 
overcome the starting difficulty of the squirrel-cage 
motor was to employ either a clutch or a loose pulley 
to reduce the torque required at starting and thus 
enable some form of startor to be used which lowered 
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the current. The principal objection to the loose - 


pulley with heavy drives is that if the machine is shut 
down without running into the free position it is an 
extremely difficult matter to start the machine again. 
There are, however, on the market plenty of hand- 
operated clutches which are free from this objection, 


Torque, in terms of full-load torque 


E Motor current A E 


Y 11.7 
pr 


The curves given in Fig. 1 show the current taken 
by a motor fitted with a non-spring-controlled clutch 
of the type under discussion. It is assumed that the 
motor is starting against full-load torque with a star- 
delta startor. 

In a recent development in centrifugal clutches both 


Current, in terms of full-load current 


Speed 
Fic. 1. 


and although their price brings the cost of the squirrel- 
cage equipment very close to that of the slip-ring, their 
use is often justified on the strength of the greater 
reliability and higher efficiency of the squirrel-cage 
motor. 

An alternative to the hand-operated clutch is the 
centrifugal clutch which is adjusted to pick up the load 
as the motor attains full speed. In one of the most 
common forms of centrifugal clutch the weights are 
allowed to fly out as soon as the motor moves from 
rest. Under these conditions they exert a gradually 
increasing drag on the motor as it speeds up, until, 
finally, the friction torque becomes sufficient to break 
the load away. In another arrangement the clutch 
weights are held in by springs until a certain definite 
speed is attained, when the centrifugal force just over- 
comes the springs and the weights again exert a drag 
until sufficient speed is reached to enable the clutch to 
pick up the load. In both these cases a certain amount 
of load is put on the motor during the accelerating 
stage, and in many cases the current peak at the instant 
of change-over from the starting position to the running 
is greater than it would have been had the motor been 
started without the clutch. The current peak occurs 
for a much shorter time, however, in the case of the 
motor with the clutch, and the fitting of the latter is 
consequently an advantage in this respect. It is 
entirely wrong, however, to suppose that a motor 


fitted with one of these clutches takes its maximum ' 


current peak at the instant of starting. 


the speed at which the weights operate and the pressure 
they exert can be adjusted. One arrangement consists 
of a plate clutch the plates of which are pressed together 
by weights normally held out of operation by springs 


a P 


(see Fig. 2). When the clutch is “* out ” the centrifugal 
force of these. weights is taken largely by the bearing 
pins (C) and only a small amount is balanced by the 
springs. When “in,” the system. of leverage brings 
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considerable pressure to bear on the plates and only a 
small proportion is wasted in compressing the springs. 
Consequently the speed at which the weights operate 
can be made much higher than in the case of the spring- 
controlled clutch of the type described earlier. In fact 
it is possible to accelerate to over 93 per cent of 
synchronous speed with this clutch before throwing 
any load on the motor. A further advantage of the 
clutch is that by arranging one of the three weights to 
operate at a lower speed than the other two the motor 
can be made to float at some predetermined speed in 
the “ start” position of the startor. The pressure on 


Torque, in terms of full-load torque 


X 
| a 
"ai 


-” 
rs ore 
a AS see 


than those given in the table, with somewhat larger 
currents, | 

The starting torque of an induction motor is depend- 
ent upon the value of the rotor resistance, and in the 
ordinary standard design of machine a balance is struck 
between high starting torque, necessitating high rotor 
resistance, and high efficiency, requiring low rotor 
resistance. 

By far the majority of the drives in existence do 
not need as much as full-load torque to start them, 
but they do require something over one-half of full- 
load torque, particularly in cold weather. Under these 


Current, in terms of full-load current 


Clutch torque 
ight slippi 


s Speed 
Fic. 3. 


the plates exerted by the one weight is not sufficient 
to make the clutch solid, but is enough to cause the 
clutch to exert a braking effort and to keep the motor 
floating at a speed just below full speed. When the 
change-over from the starting position to the running 
position is made, the increased torque available raises 
the floating speed. The two remaining weights are set 
to operate somewhere between these two floating 
speeds, and the change from starting to running position 
is sufficient to bring them into action and to result in 
the load being thrown on the motor. Fig. 3 shows the 
current taken by a motor fitted with this clutch when 
starting against full-load torque with a star-delta 
startor. 

(b) High-resistance rotors.—The starting torques and 
currents for the usual designs of ordinary standard 
squirrel-cage motor when thrown direct on the supply 
range from 100 per cent to 250 per cent of full-load 
torque, and from 34 to 74 times full-load current. 

Table 7 gives a general indication of the figures that 
might be expected with 50-cycle motors. Small motors 
of 1 h.p. and below often have quite considerable 
starting torques, i.e. of the order of 3 times full load ; 
25-cycle motors also develop torques rather greater 


circumstances the average induction motor giving 
120 per cent of full-load torque on full voltage is 
unsuitable with a star-delta startor, since only 40 per 
cent of full-load torque is obtained. That this is the 
case is borne out by the large number of auto-trans- 


TABLE 7 a 


2 poles 8 poles 16 poles 


Horse-power 


Torque Current | Torque | Current | Torque | Current 


Q 
N 
Ni 
-J 
nj 
pi 
Pp 
GO 
tos 
~~ 
py 


34 3 
25 20| 74 | 14 | 44 | 14 | «o 
180 | 14 | 74 . 5-0 


former startors which are installed and connected on 
their 75 per cent tappings. With this 75 per cent 
tapping, approximately 70 per cent of full-load torque 
is obtained from the motor, and from 24 to 3 times 
full-load current is drawn from the line. 

A great many of the squirrel-cage motors installed 
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at the present time fall into the class of drive described 
in the preceding paragraph, and if the auto-transformer 
Startor can be eliminated and the much more simple 
star-delta startor employed in these cases both a cheaper 
and a more reliable equipment is obtained. 

If star-delta starting is to be employed a motor 
developing some twice full-load torque on full voltage 
is necessary in order to give the required starting 
torque of 70 per cent of full-load torque. Furthermore, 
if the current-kick when changing over from star to 
delta is not to be excessive the motor must carry the 
load nearly up to synchronism in the starting position. 
The static friction of the load will undoubtedly be more 
than the kinetic, but to be on the safe side the torque 
developed by the motor should not fall off more than, 
say, 20 per cent during the accelerating portion of the 
speed/torque curve. This would be particularly the 
case if there were any appreciable fanning action in 
the apparatus being driven. The torque of a fan rises 
as the square of the speed, and the windage at % speed 
might absorb a considerable proportion of the difference 
between the static and kinetic frictions. 

For the case of the type (a) drive referred to on 
page 413, we are then able to fix the characteristics of 
the motor suitable for star-delta starting. It must 
have a starting torque in the “star” position of 
approximately 70 per cent of full-load torque, and its 
torque must not fall below 55 per cent during the 
accelerating portion of the speed/torque curve. With 
these characteristics it would accelerate the type of 
drive being considered to near synchronism, and, having 
attained full speed in the “star” position, would 
operate with approximately 3 times the slip obtained 
in delta, i.e. at about 165 per cent of full-load delta 
slip with the load actually at 55 per cent of full load. 
The current peak at change-over from star to delta 
would then be about 1-66 times full load, or about the 
same as the peak obtained at standstill. 

One method of obtaining the result is to increase 
the rotor resistance to approximately double its value 
in the standard design of machine. This would have 
the effect of reducing slightly the short-circuit current 
and increasing the starting torque to about 2-1 times 
full load when thrown direct on the supply. Employing 
a star-delta startor with such a machine would then 
give the desired 70 per cent of full-load torque. 

Taking a motor with 90 per cent efficiency and 
3 per cent slip on full load, and fitting a rotor of 
higher resistance approximately double the first, will 
increase the full-load slip to 6 per cent and reduce the 
efficiency to 87-5 per cent. Even assuming that the 
design of the rotor with the higher resistance is such 
that the temperature-rise of the stator is not increased, 
the reduction of the efficiency in the machine is a serious 
matter. A 20-h.p. motor would have its annual power 
bill increased by 24 per cent, probably about £1-25. 
The capitalized value of this would be about £12, and 
it would consequently be a debatable point as to whether 
the resultant simplification of the starting gear really 
justified such a sacrifice. 
on the control gear would certainly not amount to 
more than £5, but there would still remain an appre- 
ciable improvement in the reliability of the startor. 


The saving in capital cost | 


(c) The Wall conductor and other devices.—From time 
to time a number of devices have been introduced to 
give the effect of a high-resistance rotor at standstill 
and of a low-resistance rotor near synchronism, the object 
being to obtain the high starting-torque characteristic 
oí a high-resistance rotor without the loss in running 
efficiency referred to in the previous section. 

The four principal devices of this type are: the 
deep and narrow bar; the. iron conductor of Hobart ; * 
the copper-core steel-sheath conductor of Elihu Thom- 
son; and the Wall composite conductor. f 

The first of these relies for its operation on the 


distribution of the rotor-slot leakage flux. With a 


deep and narrow bar this slot leakage is considerable 
and, taking lamine in the depth direction, a section 
at the bottom of the slot is linked by much greater 
leakage flux than one at the top of the slot; hence 
the reactance of the lower portion of the bar is much 
greater than that of the upper. This chokes the current 
out of the lower sections of the bar at starting when 
the magnetomotive forces are considerable and the 
frequency high, but allows it to flow practically uniformly 
when the machine is up to speed and the rotor is operat- 
ing at slip frequency. By this means it is possible to 
obtain an increase in the effective rotor resistance of a 
motor at standstill and an improvement in the starting 
torque developed without increasing the rotor slip on 
full load or the full-load rotor copper loss. 

The deep and narrow slot of this type of rotor gives 
a greater slot leakage than the more usual construction, 
and, although it is possible to increase the number of 
rotor slots on account of their narrowness, if any con- 
siderable increase in starting torque is required the 
running power factor of the motor is reduced. Further 
disadvantages of this construction when carried out to 
the fullest extent are the difficulty of obtaining sufficient 
mechanical strength in the bars and the difficulty of 
jointing them to the rings. It is possible to obtain 
some slight increase, varying from 10 per cent to 25 per 
cent, in the starting torque without appreciable loss in 
full-load power factor by adopting this construction in 
a partial degree, and quite a number of manufacturers 
take advantage of such an arrangement. 

In the iron conductor of Hobart the skin effect 
produced by the naturally high reactance of the bar is 


utilized, so that only the outer layers of the bar carry 


current when the rotor is at standstill. When the rotor 
is near synchronism the slip frequency is comparatively 
small and the effective rotor resistance is practically 
the same as it would be with direct current. This device 


has much the same objectionable characteristics as the 


deep and narrow bar, and it invariably results in a serious 
reduction in power factor on full load. The performance 
of the rotor depends on the specific resistance of the 
iron in the bar, its permeability, and the shape of the 
cross-section of the conductor. With the various 
characteristics of the commercial product it is not 
possible to produce a conductor with only a limited 
amount of choking effect, and the result is usually a 
very large reduction in the starting current, practically 


* H. M. Hobart: “Electric Motors,” vol. 2, 3rd edn. 
t Electrician, 1923, vol. 91, p. 491. 
1 Journal 1.E.E., 1925, vol. 68. p. 207, 
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no increase in starting torque, and a serious drop in 
full-load power factor. 

Thomson’s steel-sheath cpeeneore conductor is an 
improvement on Hobart’s suggestion, in that while 
employing the same principle of operation more control 
is obtained over the degree of skin effect and the 
leakage reactance of the rotor on full load. It has, 
however, a very serious disadvantage in that the 
copper core and steel sheath must make good permanent 
electrical contact at each end of the bar, and to accom- 
plish this cheaply in commercial production is an 
extremely difficult matter. 

A still further advance in these variable-resistance 
conductors is that of Dr. Wall. This is a composite 
conductor consisting of an inner copper core surrounded 
by a steel sleeve with an outer copper sheath making 
good electrical contact with the copper core. Its 
method of operation is that at standstill and with 
line frequency being generated in the rotor the reactance 
of the inner copper core is so high that comparatively 
little current flows in it. The outer copper sheath, 
however, has a comparatively low reactance and draws 
appreciable current at a high power factor. At syn- 
chronism, with the frequency in the rotor of the order 
of 1 or 2 cycles per sec., the reactance of the inner core 
is negligible and this portion now carries a considerable 
amount of current. 

The principle of operation is much the same as in both 
Hobart’s and Thomson’s devices, the essential difference 
being that the designer has much more control over 
the quantities affecting the behaviour of the rotor and 
can more easily adjust them. 

It has not the same mechanical disadvantage as 
Thomson’s in the matter of jointing copper to steel, 
and, although naturally more costly than a standard 
rotor, has no insurmountable constructional difficulties. 

In the case of all these four methods of obtaining 
high rotor resistance and thus high torque at standstill 
with a low rotor resistance and high efficiency at full 
speed, the conditions correspond to a multiple-circuit 
rotor with mutual leakage flux to a greater or lesser 
degree linking the circuits. 

Throughout this paper the rotor is viewed as a 
circuit establishing its own fluxes. This point of view 
seems to the author the most readily to enable a mental 
picture to be carried of what is taking place inside the 
machine, but it is appreciated that all the leakage 
fluxes, both stator and rotor, can also be considered 
to be offshoots breaking away from the main flux set 
up by the stator winding. 

Taking the most successful of the devices, i.e. Dr. 
Wall's, there are two parallel circuits, one of high 
resistance and low reactance, and the other of low 
resistance and high reactance. The leakage flux in the 
steel tube sets up the self-induction of the copper core, 
while all leakage flux round the copper sheath is mutual 
to both the copper core and the copper sheath. The 
matter is complicated somewhat for the mutual leakage 
flux by the presence and shape of the steel tube, and 
on the whole this method of construction for the two 
parallel circuits does not lend itself to the solution of 
the problem anything like as well as the straight double- 
squirrel-cage rotor. Furthermore, the mutual leakage 


«resistance. 
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flux linking the two circuits is generally a disadvantage, 


and, whereas this can be reduced to a minimum with 
the two cages, the author cannot see any means of 
eliminating it from Dr. Wall’s construction. 

(d) Double-squirrel-cage votors—The double-squirrel- 
cage rotor is attributed by some to Boucherot and by 
others to Dolivo Dobrowolski. Whoever may be the 
inventor, it is a most ingenious device and, with proper 
adjustment, can be made to produce highly successful 
results. | 

In its most simple form it consists of two separate 
squirrel cages. The outer or starting cage is made of 
high-resistance material and is so arranged as to have 
the smallest possible reactance. The inner cage is of 
the ordinary low-resistance type, generally consisting 
of copper bars and rings and, since it is sunk deep in 
the iron, has a high reactance. The four qualities, 
reactance and resistance of inner and outer cages, can 
be varied in an infinite number of combinations, and 
many different shapes of speed/torque curve can be 
obtained. 

At starting, the frequency in the rotor of an induction 
motor is the line frequency, and the high reactance of 
the inner cage produces a choking effect and prevents 
current from flowing in this winding. The outer cage 
being of high resistance develops a high starting torque, 
with a current depending largely on ‘the value of its 
As the rotor accelerates and approaches 
synchronism the frequency of the e.m.f.’s generated in 
its conductors falls and the choking effect in the inner 
squirrel-cage is reduced, until finally, when near syn- 
chronism, the rotor operates with the characteristics 
of an ordinary low-resistance rotor. The general result 
is to produce a machine having a high starting torque 
combined with a high running efficiency. 

The objections to a motor fitted with a double- 
squirrel-cage rotor are its cost, which is from 5 to 
10 per cent higher than that of a single-squirrel-cage 
machine, and its power factor, which may be appre- 
ciably lower than that of the single-squirrel-cage motor. 
In the matter of its cost, however, the increase of 
5 per cent in the motor is offset by the cheaper starting 
gear when star-delta starting is employed in place of 
auto-transformer starting. When the use of the double- 
squirrel-cage rotor enables a squirrel-cage machine to 
be employed where otherwise a slip-ring motor would 
be necessary, a saving is made both in the cost of the 
motor and in the control gear, and may be a considerable 
amount. 

The lower power factor of the double-squirrel-cage 
motor when up to speed is due to the fact that the 
running winding or low-resistance cage has a high 
reactance. It will be shown later that various devices 
can be-employed which enable the double-squirrel-cage 
motor to be produced with very little sacrifice in power 
factor over the ordinary standard squirrel-cage motor. 

While dealing with this subject of power factor it 
should be noted that where the double-squirrel-cage 
motor replaces a slip-ring motor both its power factor 
and efficiency may be higher than those of the alter- 
native displaced. It has already been pointed out that 
in the ordinary single-squirrel-cage motor the designer 
has to strike a balance between high starting torque 


/ 
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necessitating high rotor resistance, and high efficiency 
requiring a low rotor resistance. In the double-squirrel- 
cage motor special provision is made for obtaining 
the starting torque, and consequently the running 


88% 
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Torque, in terms of full-load torque 


Fig. 4. 


winding can be made of lower resistance than would 
normally be desirable, hence the efficiency of the 
machine can be made higher than that of the single- 
squirrel-cage motor. 

A 25-h.p. 6-pole double-squirrel-cage motor designed 
to meet the conditions laid down for the class (a) drive 


described earlier would have the speed/torque charac- 
teristic shown in Fig. 4. The remainder of its per- 
formance is given in Table 8 and is ‘shown alongside 
that of the corresponding ordinary, standard, single- 
squirrel-cage motor and slip-ring motor. 

- This is an interesting comparison, as it shows that 
the commercial possibilities of the double-squirrel-cage 


Mutual 
leakage flux 
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rotor are considerable and the sacrifice in power factor 
is nothing like as serious as has been suggested. The 
type of double-squirrel-cage rotor (Fig. 5) with the 
slots arranged one above the other is similar to that 
originally used in the early machines built, and several 
improvements have since been introduced. 

In the case of the ‘‘ dumb-bell’”’ shape of slot a 


Fic. 6. 


certain amount of leakage flux from the inner squirrel 
cage also links the outer cage and constitutes a mutual 
flux (see Fig. 5). Hence the reactance e.m.f. generated 
in the outer cage is greater than it would be were the 


-inner cage not below it and also carrying a certain 


amount of current. This point, incidentally, has to be 
kept in mind when calculating the performance of the 
machine. 

An improvement on the type of slot just described 
is that shown in Fig. 6. In this case the outer squirrel 


TABLE 8. 
Performance Single squirrel-cage Slip-ring motor ria AN Eire ia ots 
Efficiency— 
Full load 90 per cent 88 per cent 90 per cent $0 per cent 
4 load 90 per cent 88 per cent 89:5 per cent 90-3 per cent 
$ load 89 per cent 86 per cent 87-5 per cent 89 per cent 
Power factor— | 
Full load 0-92 0-85 0-86 0-88 
$ load 0-90 0-79 0-83 0:875 
$ load ii 0:82 . 0:67 0-76 0-82 
.. Slip on full load 2:8 per cent 4:0 per cent 2-1 per cent 2-2 per cent 
Starting current— 
“Direct” .. se T 6:0 x full load — 5-6 x full load 5:5 x full load 
“ Star-delta ” i 2-0 x full load — 1-9 x full load 1-83 x full load 
Starting torque— 
“ Direct ” 1-3 x full load — 2-1 x full load «1 x full load 


“* Star-delta ” 0:43 x full load 


0:70 x full load 


2 
0-70 x full load 
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cage has the usual maximum number of slots allowable 
for mechanical reasons and the inner cage is concen- 
trated into a few bars, say one-third of the number 
in the outer. This has the double advantage that the 
mutual induction between the two cages is reduced 
appreciably and the high reactance of the inner cage 
is obtained without sinking the bars to so great a 
depth in the iron; the concentration of the rotor 


Fic. 7. | 


currents into fewer conductors gives in itself increased 
reactance. It does mean, however, very heavy inner 
conductors, and there are manufacturing difficulties 
which limit the extent to which this principle can be 
carried out. 

A still further form of slotting is shown in Fig. 7, 
in which case the mutual induction between the two 
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cages is reduced to a negligibly small amount and very 
satisfactory results can be obtained. The total number 
of slots in the outer cage has to be made somewhat 


smaller than in the other constructions, but the sacrifice . 
in reactance in this connection is more than offset . 


by the reduction in the mutual leakage flux. The 
speed/torque curve of a motor with this type of rotor 
is shown in Fig. 8, and its performance is compared 
with that of the corresponding single-squirrel-cage 
motor and the slip-ring motor in Table 8. 


(5) STARTING DEVICES FOR SHORT-RATED MOTORS. 


(a) High-vesistance votors.—The speed/torque curve of | 
an ordinary single-squirrel-cage motor is generally 
similar to that shown by curve A in Fig. 9. Increasing 
the rotor resistance raises the starting torque and 
reduces the starting current until a value of rotor 
resistance is obtained which gives maximum torque at 
standstill. Further increase of rotor resistance then 
reduces the starting torque as well as the starting 
current. | 

Some 30 years ago B. G. Lamme proposed that for 
short-rated applications where efficiency was of secondary 
importance the characteristic shown in curve B should 
be utilized. The same torque at standstill could have 
been obtained from curve C, but the slip on full load 
would be too great and the heating at full speed exces- 


7, +20, = 0:64+19] 
A. 7132, = 0°78 4+1-97 


B. 3+72, = 2°0 + 1:97 
C. 74 IL, = 75 41-97 


sive. Lamme’s scheme also provided for a certain 
amount of speed control by varying the voltage applied 
to the motor. The auto-transformers employed in this 
scheme, however, gave trouble along with the con- 
trollers, as it was necessary to change from one tapping 
to another without disconnecting the motor from the 
supply. This involved short-circuiting sections of the 
transformers, with consequent burning of the controllers 
and breakdowns of the transformers. The difficulties 
were not insuperable and several hundred of these 
squirrel-cage crane motors have operated satisfactorily, 
as far as the cranes were concerned, for 20 years. The 
additional cost of the control gear necessary, however, 
to make a satisfactory working proposition of Lamme’s 
scheme is such that slip-ring motors can be obtained 
as cheap. Lamme overcame the difficulty of the rotor 
heating when at full speed by employing a very heavy 
construction of machine and resistance rings with fan 
blades cast on them. | 
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Comparatively recently it has again been demon- 
strated that all necessary control can be obtained on 
the majority of cranes with a squirrel-cage motor having 
a high-resistance rotor. The motor is put direct on 
the supply and fine operation obtained by “ inching,”’ 
simply throwing the motor on and off the supply. This 
is distinct from “‘ creeping,” such as is obtained with 
** diverter control” on d.c. series motors, and should 
not be confused with it. The success that has been 
obtained with these motors is by now well known and 
there is a sufficiently large number of cranes fitted 
with them to demonstrate the soundness of the scheme. 
To overcome the difficulty of heating, a device is 
employed (see Fig. 10) in which the high resistance is 
located in one end-ring at the fan end of the motor. 
A system of baffles prevents any heat from this end-ring 
getting on to the stator coils, and a stream of air is 
projected over the end-ring and immediately out of the 
machine. It is thus possible to have this ring working 
at any temperature up to red heat without damage to 
the rest of the motor. 

A typical speedjtorque curve for such a motor is that 
shown by curve B in Fig. 9, the starting current taken 
being about 3 times full-load current. The efficiency 
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is some 5 per cent lower than that of the ordinary 
squirrel-cage motor, but, as power consumption is a 
comparatively small item in the running cost of a crane, 
this is not a serious matter. 

(b) Double-squirrel-cage rotors.—From the point of 
view of operation at low speeds curve C in Fig. 9 is 
superior to curve B, since it is somewhat similar to the 
characteristic of a d.c. series motor. Heavy loads 
would be handled at low speed, and light loads at high 
speeds. Furthermore, when inching and manipulating 
at low speeds the falling torque characteristic is much 
to be preferred to that in curve B, since in the latter 
case the entire portion of the curve below the maximum- 
torque position is unstable. When starting, as soon as 
the motor moves from rest an increase in torque results 
in increased acceleration and a general tendency to run 
away. With the characteristic shown in curve C, 
increase in speed results in a reduction in torque and 
reduced acceleration. Although as a matter of fact 
inching can be carried out satisfactorily with the 
characteristic curve B, that indicated by curve C gives 
even better results. i 


The objection to curve C is the excessive slip on full 
load and the consequent rotor-heating, with unusually 
low efficiency. By utilizing the principle of the double- 
squirrel-cage it. is possible to obtain a similar charac- 
teristic to curve C at low speeds and a comparatively 
small slip at full load, as shown in Fig. 11. This is 
obtained by combining a very high-resistance winding 
for the outer cage with the usual low-resistance winding, 
and so adjusting the reactance of the inner cage that 
the “knee ” of the curve occurs at some 10 or 20 per 
cent overload. A motor with a characteristic such as 
this will handle all loads up to full load at a high normal 
operating speed, and occasional overloads at reduced 7 
speeds according to their degree. It will also have a 
high efficiency, a power factor comparable with that 
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oí the slip-ring motor which it displaces, and a starting 
current from 2} to 3 times full-load current. 

Although a great many cranes can be operated 
satisfactorily by direct-started squirrel-cage motors, 
there will always be a limited number of cases in which 
it is necessary to have finer control than can be obtained 
with this arrangement. These special cases can, how- 
ever, be dealt with by the squirrel-cage motor employing 
stator-resistance control. A four-step controller and 
resistance used with one of the double-squirrel-cage 
crane motors already described would give the group 
of speed/torque curves shown in Fig. 12. . 

This method of control gives an operation practically 
indistinguishable from that of the slip-ring motor and 
enables the cheaper and more reliable squirrel-cage 
machine to be used. The control gear is almost identical 
with that employed by the slip-ring motor, and the 
usual crane protective gear can be fitted. The resist- 
ances can be inserted between the supply and the 
motor, or, alternatively, the motor be wound for star con- 


- nection and the resistances connected in the star point. 


In the first arrangement a special controller is required 
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which will cut out blocks of resistance in each phase inde- 
pendently, but only three leads are run to the motor 
and hence the amount of trolley gear and cross-girder 
leads is reduced. With the second arrangement the 
trolley gear is the same as for a slip-ring motor, but 
the controller is of the usual standard pattern in which 
the drum constitutes the star point of the resistances. 
Where brake solenoids are shunted across motor ter- 
minals the resistance must be inserted in the star point 
of the motor to avoid any interference with the operation 
of the solenoid. l 

The elimination of the slip-rings and brushgear from 
crane-service motors removes what is without doubt 


Torque, in terms of full-load torque 
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the weakest part of these machines, and the resistance- 
controlled double-squirrel-cage crane motor should 
ultimately displace the slip-ring machine entirely. 


(6) STARTING CURRENTS. 


The method of starting usually adopted for any 
particular motor is that which gives the cheapest and 
most reliable control gear and a starting current within 
the limits set up by the supply undertaking. Even 
though it were possible to get a 5-h.p. drive away with 
star-delta starting, if the supply undertaking would 
permit direct starting this would be employed in order 
to simplify the startor. If the supply undertaking 
were prepared to allow a 10-h.p. motor to be direct- 
started and the load required, say, $ full-load torque, 
a standard squirrel-cage motor would be installed with 
a direct startor. On the other hand, if the current 
were limited to not more than twice full-load current 
a double-squirrel-cage machine would be employed, 
with a star-delta startor. The direct starting of motors 
larger than 10 h.p. requires more careful consideration 
than with smaller machines, particularly in the case of 
belt drives. The margins of safety are not usually as 
high as in the case of the smaller motors, and the initial 
shock on the transmission may be sufficient to set the 
belts slipping. In the case of direct-coupled machines, 
it is necessary to see that the mechanical parts have 
sufficient strength to carry the maximum torque 
developed by the motor during the accelerating period. 


VoL. 66. 


The double-squirrel-cage motor for continuous service 
has the advantage that when starting against any 
particular load it takes approximately 60 per cent of 
the current drawn by a standard single-squirrel-cage 
motor, hence it enables a consumer to employ squirrel- 
cage motors of approximately 70 per cent greater 
horse-power, and to take advantage of the greater 
reliability and higher efficiency of the squirrel-cage 
machine over a wider range. 

It is often presumed that cranes fitted with slip-ring 
motors take comparatively small current-peaks from 
the line, depending on the starting torques required, 
as in the case of ordinary industrial drives. The facts, 
however, are quite different, and observations have 
shown that current-peaks up to full short-circuit current 
are continually being drawn by slip-ring motors on 
cranes. The standard of labour employed for crane- 
driving is not high and, although warned repeatedly, 
when working against time—as is generally the case— 
the men swing the controller handles right over to the 
full-on position without pausing on intermediate steps. 
The motors thus draw practically full short-circuit 
current, amounting to 5 or 6 times full-load current. 

The squirrel-cage crane motor, then, in reality is no 
more severe on the supply mains than the slip-ring 
machine. In fact, since the squirrel-cage motor draws 
only 3 times full-load current, it has the advantage of 
the slip-ring machine, with the exception that this 
peak-current is drawn every time the motor starts. 
The slip-ring motor does not necessarily draw full 
short-circuit current every time it starts. 

Much has been said about the low power factor of 
the squirrel-cage motor at starting, and it is interesting 
to make a closer examination of the actual importance 
of this point. In the first instance consider a current 
of 100 amperes at a power factor of 0:25 being thrown 
on a feeder already carrying 100 amperes at a power 
factor of 0-8. The difference in the power factors 
actually reduces the current rush from the arithmetical 
sum of 200 amperes to 188 amperes. In order to 
examine the voltage-drop due to this current-peak, it 
is most convenient to work out an actual case. This 
might be a 3-core paper-insulated cable of 0-075 sq. m. 
cross-section. 

Let us consider a 400-volt supply, 440 volts at the 
substation, and a feeder half a mile long. 


Total resistance = 0-284 ohm. 
Total reactance = 0-061 ohm 


Steady voltage-drop before the current peak is 
thrown on 


4/3 x 100 x (0-8 x 0-284 + 0-6 x 0-061) 
4/3 X 100.x 0-264 
= 46 volts. 


The service voltage will then be 394 volts approxi- 
mately. 


ll I 


Assume now that a current-peak of 100 amperes at 
0-25 power factor is thrown on. 


Voltage-drop 
= 4/3 X 188 x (0-56 x 0-284 + 0-83 x 0-061) 
= 68 volts. 


28 
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- Hence the service voltage will drop to 372 volts 
approximately. 

Now examine what the drop would have been if the 
current peak of 100 amperes had been at a power 
factor of 0-8. 


Voltage-drop 
= 4/3 X 200 x (0:8 x 0-284 + 0-6 x 0-061) 
= 4/3 x 200 x 0-264 
= 92 volts. 


The service voltage is then 348 volts approximately. 
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1875 kVA transformer 450V summation 


A very important matter to the supply engineer is 
the probability of motors on any one feeder being 
started up simultaneously. The starting currents of 
individual motors, although large in proportion to the 
motor full-load current, may be comparatively small 
in relation to the full-load current of the feeder. 
Furthermore, the consumer with a large number of 
motors installed only affects the supply engineer in 
the relation his current peaks bear to the full-load 
current of his complete installation. Hence, if there 
is little probability of motors being started simul- 
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Hence the actual drop in the feeder is greater with 
the current at the higher power factor than at the 
lower. The regulation of the alternators in the generat- 
ing station would, of course, be worse with a lower 
power factor than with a higher, but with the size of 
modern alternators and the diversity factors obtained 
with the loads on station busbars the starting currents 
of even comparatively large squirrel-cage motors would 
be negligible. 


taneously, the individual starting currents can be 
allowed to be much larger than would be the case if a 
number of machines were started together. A very 
full investigation has been made ‘of this matter on 
feeders serving various classes of machines, and some 
of the results are shown in Fig. 13 (a) and (b). In the 
case of these feeders the horse-power of every motor 
was known, as was also its starting characteristic. The 
particulars relative to the various feeders are shown 
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in Table 9. Other charts, Fig. 13 (c) and (4), show 
the effect of these starting-peaks on the transformer in 
the substation supplying several such feeders, and again 
on the high-tension line supplying the substation. 


Feeder No. 1 supplies 1 heavy machine shop, 3 light 

: machine shops, a cabinet shop and a box factory. 

Feeder No. 2 supplies iron foundry, pattern shop and 
light machine shop. 


The workshops on the feeders recorded commenced 
work at 7.30 a.m. and the records have been taken 
from about 7.20 a.m. until 7.40 a.m. in order to cover 
the whole of the starting-up period. A further record 
has been taken in each case at about 10.30 a.m., in 
order to ascertain the normal full-load characteristics. 
It is interesting to observe that with as many as 
65 motors on feeder No. 1, starting in the short space 
of approximately 10 minutes, in very few instances 
have the starting periods overlapped. Even in those 


desirous of seeing a consumer get the utmost service 
from electricity, it is necessary that in his position he 


should take care that no single consumer jeopardizes ` 


the service to the majority. With its comparatively 
poor starting efficiency the squirrel-cage motor is 
rightly a machine to be employed with discretion, and 
limitations must necessarily be set up. These limita- 
tions should, however, be based on sound engineering 
principles and should automatically take account of 
changing conditions and developments. 

In this country there has been in the past a tendency 
to adopt a rigidly conservative attitude out of propor- 
tion to the requirements of the case. This is giving 
way in a number of districts to a more progressive 
policy, but there is still great scope for a change in 
certain areas. This is indicated by the analysis of the 
tegulations of a number of supply undertakings, given 
in Table 10. 

The point which the supply engineer wishes to cover 


TABLE 9. 
FEEDER No, 1 FEEDER No, 2 
Squirrel cage Squirrel cage . 
Slip-ring Slip-ring 
crane motors crane motors 
Direct Star-delta Auto Direct Star-delta Auto 

Less than 5 h.p. .. 15 — — 4 6 — — 4 
5 h.p. .. << 5 — — 10 5 — — 7 
10 h.p = 8 1 3) — 11 3 6 
15 h.p a 1 5 — 2 7 2 = 
20 h.p 1 8 3 8 — 6 2 7 
25 h.p — 4: 3 —. — 1 — — 
40 h.p = 2 — 4 — — 2 9 
50 h.p — — — — — — 4 
75 h.p — — — — — — 2 es 


few instances when this has been the case, as at X, 
the current-peak has still not exceeded the full-load 
current for the installation. 

On feeder No. 1 two 20-ton crane3 began operations 
at about 10.31 a.m. and the effect on the feeder current 
was very striking. The 200-ampere current-kicks show 
that the controllers for the 40-h.p. slip-ring motors 
were repeatedly being thrown right over to the full-on 
position. The same conditions are shown in Fig. 13 (b) 
where four 50-ton cranes are in operation. Incidentally, 
the currents drawn by the 50-h.p. slip-ring crane motors 
on this feeder exceed those drawn by the 75-h.p. 
squirrel-cage motors on the same feeder. The records 
for the 1 875-kVA transformer and the complete sub- 
station emphasize the way in which individual current- 
kicks are smoothed out by their diversity. 


(7) A SUGGESTED GENERAL REGULATION. 


The supply engineer has a special interest in the 
installation of squirrel-cage motors, for, although he is 


is that there shall not be drawn from the mains excessive 
current-peaks which will be sufficient to reduce below 
a certain value the terminal voltage of other con- 
sumers. The whole problem centres around the starting 
current and has nothing whatever to do with running 
performance. It has already been pointed out that 
under pull-out conditions the behaviour of the slip-ring 
motor is almost identical with that of the squirrel-cage 
motor. 

Since it is the starting current that is objectionable, 
this, and not the horse-power, as is so often the case, 
should form the basis of the regulation applying to 
the installation of squirrel-cage motors. A _ 60-h.p. 
motor of 2 900 r.p.m. will have a full-voltage starting 
current of 74 times normal full-load current, whereas 
a 50-h.p. 485-r.p.m. motor draws only about 44 times 
full-load current when thrown direct on the supply. 
Furthermore, since it is generally a complete installation 
of several motors that is being considered, the maximum 
current-peak drawn from the supply must be referred 
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to the full-load current of the complete installation. 
Not all the motors will be started up simultaneously, 
but consideration must be given to the fact that a number 
may be so started. Not only is it necessary to consider 
the current drawn by any one motor relative to the 
full current of its installation, but some allowance 


TABLE 10. 


Under- Regulation clause dealing with squirrel-cago 
taking motors 


“ Three-phase motors over 25 h.p., 
and all motors required to start 
against any load, must have wound 
rotors. Motors with short-circuited 
rotors must not exceed 1} times 
full-load current when starting.” 

“ Motors above 25 h.p. must be 
provided with slip-rings and wound 
rotors.” 

** Squirrel cage without starting 
switch up to 2 h.p. 

“ Squirrel cage with star-delta 
starting switch up to 10 h.p. 

“ Squirrel cage with auto-trans- 
former starting switch up to 20 h.p. 

“ Slip-ring type for all motors 

, | above this power. 

“ Each of the above sizes may be 
trebled where the supply is taken 
from a substation on consumer's 
own premises.” 

** Two-phase motors above 10 h.p. 
must be of the wound-rotor type.” 

** All motors above 5 h.p. starting 
against load must be provided with 
slip-rings and wound rotor and 
starting resistances so designed that 
the starting current cannot exceed 
full-load current.” 


starting against full load, and all 
motors above 30 h.p. must be 


fitted with slip-rings and suitably- 


graded starting resistance to give 
1} times full-load current with full- 
load torque.” 


\ 
should also be made for the total current on the 
feeder. 

Although advantage is occasionally taken of 4-wire 
three-phase distribution to supply motor load in addition 
to lighting from the same feeder, it is not generally 
considered good practice to use this procedure for 
other than isolated motors. These special cases cannot 
be covered by a general regulation and must neces- 
sarily be considered with regard to the conditions 


‘“ Three-phase motors above 3 h.p. — 


existing in each case. In dealing with these special . 
cases, it must also be remembered that rate of change 
of voltage is important on lighting circuits. A 5 per 
cent instantaneous voltage-drop is much more objec- 
tionable to the consumer than a 10 per cent reduction 
in voltage spread over a period of 15 minutes. The 
matter of voltage-drop due to the starting currents of 
squirrel-cage motors is confined principally to the 
power feeders, and in these cases sudden changes are 
no more serious than gradual ones. 

The low-tension feeder is almost always that portion 
of the system responsible for the variation in voltage 
at a consumer’s terminals. It is not necessarily the 
section on which the largest voltage-drops occur, but 
the much higher load factors on the high-tension and 
extra-high-tension mains give a more uniform voltage 
at the receiving ends. 

When voltage-changes of the order of 10 per cent 
at a consumer’s terminals are traced back to the 
distribution points from which both the power and 
lighting circuits radiate, their effect on the voltage of 
the lighting circuits is negligible. 

Since the supply engineer is concerned with the 
current-peak drawn from his mains, it will be sufficient 
if this maximum current-peak is limited. One supply 
system may be in a position to carry heavier peaks 
than another, but a reasonable plan would seem to 
be to limit these instantaneous overloads to the same 
value as the normal maximum demand of the consumer. 
If the cable sizes are approximately correct, then the 
service voltage will still be within the recognized 
limits. It is extremely unlikely that a factory would 
require to start a motor of any size during the maximum- 
demand period, as at such a time every machine 
normally in use is actually running. On the other hand 
a condition might easily arise where it was required 
to start a motor with the factory on normal mean load. 
A reasonably sound basis for the regulation governing 
the installation of squirrel-cage motors would then 
seem to be to limit the starting peaks on the supply 
to the same figure as the normal maximum demand 
as taken, say, over 20 minutes, and to assume the 
necessity for starting any of the motors during a period 
of normal mean load. 

In order to obtain a numerical basis for the regu- 
lation it is most convenient to consider a specific 
case. 

The mean load of any particular installation generally 
corresponds to something between 50 and 75 per cent 
of the installed horse-power, whilst the maximum 
demand usually lies between 100 and 125 per cent of 
the installed horse-power. Take the largest motor 
starting up while the rest of the factory is running on 
its usual mean load. Consider the case in which the 
largest motor constitutes 25 per cent of the total 
installed horse-power. Take the higher of the mean 
loads, that is 75 per cent, and the lower of the maximum 
demand figures, that is 100 per cent. The load on the 
supply just prior to the starting up of the largest motor 
will be 56 per cent of the maximum demand, hence 
the available starting current for the largest motor is 
44 per cent of the maximum demand, that is 1-75 times 
full-load current. Working out other sizes of motors 
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- in a similar manner we obtain the graph shown in 
Fig. 14. The equation for this graph is 


I, = 0-26y + 0-75 


where J, = starting current of the motor, 
and y = ratio of the total installed horse-power to 
that of the motor. 


This expression and graph, of course, give the per- 
missible starting current for any of the motors in an 
installation both large and small, currents being 
expressed in terms of full-load current. Thus a 100-h.p. 
motor in a 250-h.p. installation could draw 1-4 times 
full-load current, while a 10-h.p. motor in the same 


installation could take 7 times full-load current at 


starting. 


Permissible starting current, 
interms of full-load current 


10 20 30 
Total installation horse-power / Motor horse-power 
Fic, 14. 


The various factors tending to make a regulation 
based on Fig. 14 unsafe are :— 


(1) That it does not allow for two or more machines 
starting simultaneously. 

(2) That it does not allow for a restart of the largest 
machine at a time of maximum demand. 


On the other hand, there are a number of factors 
which tend to make the regulation a conservative one :— 


(1) It takes no account of other consumers on the 
same mains. 

(2) It is based on a high ratio of mean load to 
maximum demand. 

(3) It takes no account of the power factor at starting. 


The records given in the preceding section show that, 
in actual practice, motors on any one feeder are very 


infrequently started up simultaneously. In any case 
the fact that the expression takes no account of other 
consumers on the same feeder leaves ample margin for 
any such contingency arising, or for any one consumer 
finding it necessary to restart a large motor under 
conditions of maximum demand. 

The suggested regulation for governing the installation 
of squirrel-cage motors then is :— - 


** The starting current of any of the induction 
motors in an installation, when expressed in terms 
of full-load current, must not exceed 


Total installed h.p. ,, 


¿+ 4 x motor h.p. 

In special cases the constants of this expression cam 
be modified to suit different values of mean load and 
maximum demand. 

The following examples show the effect of imposing 
this regulation in three different cases. 


Permissible 
Motor size starting Probable method of starting 
current 
(1) A 100-%.fp. installation. 
h.p. Full load x 
50 1-25 Slip-ring 
25 1-75 Star-delta, squirrel cage 
10 3-25 Star-delta, squirrel cage 
5 5:75 Direct, squirrel cage 
(2) A 500-h.p. installation. 
150 1-6 | Slip-ring 
75 2°4 Star-delta, squirrel cage 
25 5:75 Direct, star-delta or auto-trans- 
former, squirrel cage 
10 — Direct 
5 — Direct 
(3) A 2000-h.p. installation. 
500 "1-75 Auto-transformer, squirrel cage 
or slip-ring 
250 2-75 Star-delta, squirrel cage or slip- 
ring 
75 7:4 Direct, star-delta or auto-trans- 
former, squirrel cage 
25 — — 
10 — a 
5 = = 


DISCUSSION BEFORE THE INSTITUTION, 15TH DECEMBER, 1927. 


Mr. F. Creedy : I am glad that the author mentions 
the importance of high efficiency. A suggestion which 
has ‘occurred to me is that some such body as the 
B.E.A.M.A. might periodically publish tables of the 
efficiency to be expected from various sizes of electric 
motors and what increase in price it would be worth 
while to pay for each extra per cent of efficiency. We 


are all agreed that the user of apparatus having a 
low power factor should pay in some way for the wattless 
current consumed; and therefore the power factor 
should be taken into consideration. Such a pronounce- 
ment would greatly aid the user in estimating the 
relative value of the apparatus offered by different 
manufacturers. The value of a higher efficiency is 
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greater if the machine is to be run continuously on full 
load than if the machine is to be run on half load, and 
some method of taking this. into account is desirable. 
Turning to the subject of reliability, it seems to me that 
the cascade motor has a future, even in its single-speed 
form, as well as the squirrel-cage motor. It has the 
same characteristics as the slip-ring motor and yet has 
a completely short-circuited rotor. Such machines are 
limited to the larger sizes by the fact that they cannot 
run above about 750 r.p.m., but recent improvements 
have rendered it possible to make a type of rotor which 
has only one bar per slot, as in the squirrel-cage rotor, 
and the end connections of which are not very much 
more complicated. What has retarded the use of these 
machines in the past has, I think, been that they were 
patented, that they were unknown or very little known, 
and that the average designer or the average user was 
rather frightened of them and regarded them as freaks. 
An additional disadvantage was the limitation of speed. 
On page 413 the author refers to the use of squirrel- 
cage motors for fan operation. I have not found them 
very satisfactory for this purpose, as usually the torque 
required by the fan becomes greater than that which 
the motor can give at a speed considerably below syn- 
chronism, and the motor does not rise above that speed. 
That is the reason why slip-ring motors or cascade motors 
are so largely used for fan operation. It is no doubt 
quite possible that the double-squirrel-cage motor over- 
comes that difficulty. To me the most interesting part 
of the paper is that devoted to the discussion of the 
double-squirrel-cage motor which is usually associated 
with the name of Boucherot. It is an interesting case 
of how an inventor can be before his time. Boucherot 
developed this type of machine in the ’nineties, as far 
as I can make out, but it went completely off the market, 
and only a very few years ago when I was thinking of 
making some experiments on this type of motor I was 
warned by a very well-known engineer to have nothing 
to do with it. Now, of course, Boucherot motors are 
being made by firms all over the world. Some of the 
largest motors ever built—those installed in the United 
States battleships—have been of the Boucherot type, 
or something very similar. The way in which the author 
has so designed the slots as to give the right relative 
self-induction to the two windings is very interesting 
and, no doubt, contributes very largely to the success 
of the designs. Does not the high-resistance winding, 
being continuously in circuit, have a tendency to over- 
heat ? I have known cases in which these high-resistance 
sections of the winding have burnt out. The author 
has pointed out that when the squirrel-cage motor is 
provided in this manner with a powerful starting torque 


the only objection is the high starting current, ' 


and this can be avoided by means of an auto-trans- 
former startor. Unless the startor is carefully used, 
as he also points out, the kick of current on changing 
over to the running position is frequently quite as great 
as the starting current, although, of course, it does not 
continue to flow for such a long period. Towards the 
end of the paper the author refers to multi-speed squirrel- 
cage motors. I have done a good deal of work on 
motors of this type, and I quite agree with the author 
that for a large number of applications the multi-speed 


motor will do what is required quite as well as a motor 
having continuously variable speed like the d.c. motor, 
but there is a very strong prejudice against multi- 
speed motors. There are a great many engineers who 
insist that their work can be accomplished only by 
having a motor with continuously variable speed, when, 
as a matter of fact, there would be no disadvantage in 
using a multi-speed motor; and that prejudice is very 
difficult indeed to overcome. The one real advantage 
of the continuously-variable-speed motor is the absence 
of shock in changing speed in a good many cases. The 
squirrel-cage multi-speed motor is handicapped in this 
respect, because in changing over from one speed to 
the other it is hardly practicable to introduce an auto- 
transformer step, because of the complex control to 
which it gives rise, and therefore high current-kicks 
and very rapid rates of acceleration are difficult to 
avoid if the speed-change is considerable. For this 
reason I think that the multi-speed slip-ring type of 
motor, which can be built with, say, not more than 
6 slip-rings and be capable of starting or changing over 
on aS many as 4 speeds, is preferable to the squirrel- 
cage multi-speed motor except, of course, in small sizes. 

Dr. R. G. Jakeman : I think that the equation on 
page 425 is extremely useful. There is no doubt that 
up to the present the regulations have not been at all 
logical. The actual constant in the formula will have 
to be agreed upon by the supply engineers. One of the 
great disadvantages of direct starting with large 
motors is the shock on the gears and couplings, but 
this can be prevented to a large extent by putting in a 
resistance startor in the stator with one step. By 
switching on through this resistance, the motor does not 
start, but the gears all get themselves enmeshed and 
all the back-lash is taken up, so that when the resistance 
is short-circuited the motor is ready to take its load. 
I do not quite understand one point about the curves 
in Figs. 1 and 3. The curve labelled “ clutch torque 
solid ’’ cuts the motor torque in delta at a certain 
point, which I should have thought was the full-load 
point, as the motor is assumed to be starting against 
full-load torque. I am not quite clear as to the reason 
why the clutch torque and the motor torque intersect | 
at 1-8 times full-load torque. In Fig. 3, with this new 
type of clutch it is possible to accelerate to over 93 per 
cent of the synchronous speed before throwing any 
load on the motor. The author says that this gives 
14 times full-load torque. If that is so, the slip at 
full load must be nearly 5 per cent, which seems a rather 
high figure. If the slip is 2-8 per cent, which is the 
figure given in Table 8, then the kick of current will be 
24 times full-load current. The difficulty with this 
clutch is that it has to be adjusted very sensitively, 
because it must not operate before the change-over 
occurs, and it must get up to a very small slip before 
changing over to mesh in order to prevent this kick 
occurring. It is, in consequence, a very difficult piece 
of apparatus to operate and adjust. With regard to 
the double-squirrel-cage motor which is the subject 
of the central portion of the paper, I do not agree that 
the torque curve in Fig. 8 is the best all-round curve: 
By making a curve for an ordinary motor more similar 
to the curve in Fig. 11, the knee will occur somewhere 
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about 25 per cent overload, and then above 25 per cent 
overload the motor will not fall out of step at all; it 
will simply have a series characteristic. Directly the 
motor gets over the hump in Fig. 8 it rapidly falls to 
something like half speed. By making the inner cage 
have a greater reactance the starting current can be 
reduced, and it is quite reasonable. to get a starting 
current of about 44 times full load with, of course, a 
slight reduction in power factor. I think that a curve 
similar to that in Fig. 11 would be more useful for 
general work. I do not consider that the author has 
made out quite so good a case for the double-squirrel- 
cage motor as he might have done. He has compared 
it to a large extent with the ordinary squirrel-cage motor, 
but this is not a fair comparison. It ought to be com- 
pared with the slip-ring motor, because if the ordinary 
squirrel-cage -motor will do the work there is obviously 
no reason to use the double squirrel-cage. In connection 
with the voltage-drops on page 421, it does not seem 
correct that a motor with a low power factor should 
cause a lower drop than a motor with a high power 
factor. It is really not much good comparing the drop 
caused by 100 amperes at a power factor of 0:25 with 
the drop caused by 100 amperes at 0:8 power factor, 
because 100 amperes at the low power factor will not 
do the same amount of work as it will at 0-8. To 
compare them properly the same useful current must 
be taken, and therefore in order to compare 100 amperes 
at 0-8 power factor one must take 320 amperes at 0-25. 
This gives a total current of 404 amperes, making a 
voltage-drop of 118, against a voltage-drop of 92 with 
a higher power factor, which I think seems more reason- 
able. In this connection it is interesting to recall a 
paper which was read a few years ago before the 
American Institute of Electrical Engineers. The author 
advocated stator resistance startors instead of auto- 
transformer startors. He calculated that the drop 


caused by the resistance startor was approximately 


the same as that caused by an auto-transformer startor, 
provided the auto-transformer did not have any satura- 
tion. The current, of course, is much higher, but, the 
power factor being better, the disturbance is not so 
great. In his calculation, however, he neglected the 
resistance of the feeders in the transmission line, as 
being negligible compared with the reactance. Of 
course, in the present example the reactance is very 
small compared with the resistance. On the bigger 
systems this ratio may alter, and resistance startors 
may then be found to be of great advantage. 

Mr. W. E. Rogers : In his introductory remarks the 
author refers to the advantages gained by the intro- 
duction of ball and roller bearings as regards decreasing 
the air-gap, and various other advantages which are 
very apparent to the man on the test-bed ; but to the 
maintenance man ball bearings are an abomination, 
because there seems to be no satisfactory way of fixing 
the inner ball race to the motor shaft. The author 
says “ Electric arc welding and improved methods of 
brazing have resulted in the present-day indestructible 
rotor.” But what is the virtue of an indestructible 
rotor when it has to work in conjunction with a de- 
structible stator? We still depend on double-cotton- 
covered wire, plus leatheroid and empire cloth. Possibly 
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stator weakness may be partially eliminated when 

the recent French process of bakelite impregnation is 
further developed, as it is claimed that a motor sub- 
merged in water has been run at a temperature of 300° F. 
for a lengthy period. I have handled dozens of motors 
where the so-called “indestructible ” rotor is fitted 
and the rotor bars have shaken loose in the rotor core 
until the bars have fouled the stator. In one of the 
original designs of the squirrel-cage rotor the rotor 
bars were ‘sweated solid into a heavy copper or brass 
short-circuiting ring, and from the maintenance man’s 
point of view that was an admirable job. It stood up 
to good overload on the motor, provided that a sufficient 
length of rotor bar penetrated the short-circuiting ring, 
and if there was a failure due to overload it was a simple 
and easy business to rebuild the rotor and sweat it up 
again. That cannot be done as easily and promptly 
with a brazed or arc-welded rotor. Under the heading 
“* The Characteristics of an Electric Motor ” the author 
refers to efficiency, reliability and initial cost, in that 
order. As a maintenance engineer I contend that the 
order is wrong. Reliability is of paramount importance. 
Cost comes next, because everyone to-day will buy 
the cheapest motor he can. We come next to the 
question of starting current. I contend that the expres- 
sion ‘‘ starting current” has been misunderstood by 
manufacturers from the commencement. What is 
really meant is “initial current.” The maximum 
torque obtainable with a motor with a star-delta startor 
is limited to roughly 40 per cent of full-load torque. 
We are therefore forced to use the ordinary auto- 
transformer startor if we desire more torque, as is 
generally the case. The makers of high-efficiency 
motors have put an auto-transformer startor on the 
market which will allow the motor to run efficiently in 
the running position, but the man in charge finds that 
if he puts the startor in the running position and closes 
his control switch the motor will start, and all the 
advantage of the auto-transformer and low starting 
current is lost. I should like to describe a new device 
which has recently been put on the market. It consists 
of a variable choke or auto-transformer in each phase, 
and the cores are readily removable. I made some 
tests yesterday and the results obtained may be of 
interest to members. The first machine on which the 
startor was tried was a 15-h.p., 2-phase, 200-volt, 
50-cycle squirrel-cage motor, the rated full-load current 
being 35:5 amperes. With direct starting the initial 
current exceeded 200 amperes. With the particular 
device which was designed for 10 to 20 h.p. at 200 volts, 
50 cycles, 2-phase, 3-wire, on the 5th tapping on the 
induction coils—that is, maximum inductance—the 
initial current was 25 amperes. On the 4th tapping 
it was 30 amperes, on the 3rd 50, and on the 2nd tapping 
it was also 50. The next machine on which the device 
was tested was a 224-h.p., 4-pole, 2-phase motor of the 
same type, the rated full-load current being 51-5 amperes 
per phase. On the maximum inductance tapping the 
motor started to turn at 50 amperes. On the 4th 
tapping the motor started to turn at 60 amperes, on 
the 3rd at 70 amperes and on the last of all, the 2nd, 
at 80 amperes. I next tried it on a small 5}-h.p., 4-pole 
machine and on all the tappings the initial current 
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was less than 25 amperes, If that performance is 
going to be repeated it will solve a great many of the 
supply engineer’s problems. The initial current is 
small, and the current builds up perfectly smoothly 
. until the motor develops the requisite torque to move 
its load, the starting showing perfect gradation under 
all conditions. 

Mr.D.J. Bolton: The last speaker gave us to under- 
stand that efficiency only interested the manufacturer, 
but I do not agree with him. Reliability, of course, 
interests the manufacturer, because if a motor goes 
wrong it is sent back; but efficiency is a minor point 
for him, because if the efficiency is not as good as it 
should be, the user does not send the motor back. 
He grumbles about the bill, but he grumbles to the 
supply undertaking, not to the manufacturer. Surely 
efficiency does matter to the motor user much more 
than to the manufacturer, whereas reliability is primarily 
the manufacturer's concern. If the motor is not 
reliable he will hear about it; if it is not efficient very 


possibly he will not. I wish that the author had 
developed a little further the figures given in the first 
section of the paper, because it seems to me that what 
a motor costs is as important as what it does. Taking 
the case he gives of a 50-h.p. motor running at a normal 
load of 37 h.p., the figures show [case 1 (B)] that about 
6 per cent of the cost goes to pay for the motor and 
startor and the other 94 per cent for energy. It would 
certainly appear that if there were some way of altering 
those figures a little more in the motor’s favour the 
saving in energy cost might be very considerable. 
The author does not show in Table 1 the energy wasted ; 
he gives only the total energy. Of course, most of 
the total energy is usefully converted into mechanical 
work and therefore cannot be saved. Working out 
this figure, it will be found that about 10 per cent of 
the cost went in wasted energy, about 6 per cent in the 
motor and the other 84 per cent in energy converted. 
In Fig. A the circle represents the total annual cost, 
the shaded segment represents the cost of the motor 
and startor, reckoned annually, and the segment XOY 
represents energy wasted. The remainder is the energy 
used. The question is whether it is possible to shift 
the line OX round in a clockwise direction, i.e. to 
diminish the energy wasted by adding to the cost of 


the motor and startor, and, if so, whether it will be 
worth while. Taking those particular figures and the 
8-hour service, there is no doubt that it is possible to 
effect economy in that way. The author reckons that 
1 per cent extra efficiency would be worth buying if it 
could be obtained for anything less than 17 per cent 
extra on the capital cost. In the case of the full day- 
and-night service, of course, the figure is very much 
higher. There is, however, another way of looking 
at the matter which brings out the point more strikingly. 
The author gives 4d. per unit as the price of energy. 
Very often, however, energy is not bought at so much a 
unit but on a two-part basis. Taking those particular 
hours of service and a two-part tariff such as would 
give an overall price of 4d. per unit for these hours of 
service, this could be expressed as £4 per annum per kW 
plus ¿d. per unit. On that figure the saving effected 
by the use of a more efficient motor would of course 
be very much higher, because, as regards the maximum- 
demand portion of the tariff, a more efficient motor 
even on short-hour service saves just as much as if it 
were being used day and night. In the case given in 
the paper it would mean that a 1 per cent saving in 
efficiency would be worth while if it could be purchased 
for anything up to one-third the cost of the motor and 
startor. As the startor in all probability would not 
cost any more, that means a still bigger proportion on 
the motor itself; and I think it will be agreed that 
such a saving could easily be purchased at this price. 
The question then is: How can such a better efficiency 
be obtained, and (with energy averaging 4d. and an 
8-hour service) can be it obtained for 17 per cent extra 
price in the case of the flat-rate tariff or 334 per cent 
with the two-part tariff ? I should like to hear what the 
author thinks the prospects are of manufacturers 
generally raising the efficiency still further. The 
chief difficulty, of course, is that mentioned by the last 
speaker, namely that most people buy on price; but it 
is for the consulting engineer to educate them on that 
point. Another difficulty is that the extra efficiency 
will only be worth that amount to the person who pays 
that average price for energy and who uses the motor 
8 hours a day or more. He may use it for less than 
that, or he may get his energy much cheaper. The 
manufacturer naturally wants to standardize and have 
as few types as possible, and therefore it would seem 
as though the prospects of improving the efficiency all 
round are not good, because we have probably reached 
the point where the motor is as efficient as is economical 
for the worst situations, and therefore if it were made 
any better there would be some people who would not 
gain by paying a little more for the improvement. 
That is to say, the motor manufacturer has probably 
caught up the lowest level of the case for better efficiency, 
and other people therefore have to take the motor which 
represents the lowest common multiple of the general 
demand. In the absence of any all-round improve- 
ment there are really three ways of getting that better 
efficiency. The motor manufacturer can himself be 
persuaded to offer an alternative high-efficiency motor 
at an extra price, and the purchaser can choose the one 
type or the other according to his circumstances. This 
does not appear likely, for the reason I have stated, 
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namely that the manufacturer wants to make one type 
and manufacture as many of them as possible. Secondly, 
the purchaser can write to a number of makers and 
finally get two quotations, one with this 1 per cent 
extra efficiency, and see how the prices compare. This 
method introduces difficulties in the direction of relia- 
bility. The second maker may not rank as well in 
the purchaser’s mind as the first, and that 1 per cent 
of extra efficiency may turn out to be due chiefly to a 
certain amount of optimism. In fact, if the two 
machines are put together on the test-bed their perform- 
ances may be almost identical, so that the consumer 
who pays a little more in the hope of getting extra 
efficiency may find that he has bought nothing at all 
for his money. The third alternative, which is not 
mentioned in the paper, is of course to use a larger 
motor, bought from the same makers as before. It is 
then possible to choose from amongst two or three 
different sizes, and individual users can ghoose according 
to their individual circumstances; those with long 
hours of service and high cost of energy can choose one 
size and the others a smaller size. It would appear 
then, that this third alternative is in many cases the 
best, being limited only by the amount of the friction 
losses. The other losses—assuming that the motor is 
suitably under-run as regards pressure as well as current 
—will be proportionally reduced, thus keeping the power 
factor and efficiency practically constant at the lower 
output. Taking again the case 1 (B), and comparing 
a number of different makes, I find that it is possible 
to get a 1 per cent higher efficiency (the figure suggested 
in the paper) on the average by using a 60-h.p. motor 
in that situation instead of a 50-h.p. motor. The 
extra price of the larger motor averages £12, and no 
appreciable amount of extra gear is required. This 
amount is exactly 10 per cent of the initial cost, so that 
in this particular case the 1 per cent improvement 
mentioned can be purchased for approximately 10 per 
cent of the cost of the motor and startor, and is worth 
either on the one showing 17 per cent or, if the tariff is 
in two parts, 334 per cent. On the question of starting 
there would appear to be a case for an auto-startor 
with several tappings employed in succession. I 
think that the extra complication of the switchgear 
would be no greater than that of the startor described 
by the last speaker. There are usually tappings made 
at 40, 60 and 75 per cent, and all of these could be 
brought out to points on the control gear instead of only 
one. Then if the motor required more torque than 
could be obtained with the 40 per cent tap it would 
merely mean that it would not start up until the 60 per 
cent contact was made. 

Dr. F. J. Teago: At the foot of page 420 the author 
says: “This method of control gives an operation 
practically indistinguishable from that of the slip-ring 
motor.” A slip-ring motor with rotor rheostatic 
control enables a given constant torque to be obtained 
at a “ definite ” number of speeds, depending upon the 
number of stops fitted to the rheostat, and the motor 
to which Fig. 12 applies hardly does that. It enables 
one to get at any one speed a “ definite ” number of 
torques, but it does not enable one to get one torque 
at a “ definite ” number of speeds. Personally I should 


call rotor rheostatic control “speed ” control and 
stator rheostatic control “ torque ” control. 

Mr. H. K. Whitehorn : The author has not brought 
out the influence of star-delta starting upon the design 
of the motor, except as regards the torque. If the 
motor is designed for star-delta starting the total 
number of conductors in the windings has to be approxi- 
mately 70 per cent more in the case of the delta winding 
than if the machine is designed for star connection at 
the normal line voltage. That has a marked influence 
on the design of the motor, particularly in these days 
when the maker has to work to the B.E.S.A. specifi- 
cation, so that he has to rely on an average number of 
machines coming just below the limit of temperature- 
rise, and consequently the size of a motor offered for 
star-delta starting could not be so small as the size 
offered for auto-transformer starting. I think that has 
a strong bearing on the case, particularly when the 
initial cost of the motor and startor is considered. 
Moreover, the initial cost ought not to be separated 
from the maintenance cost, which will, over a number 
of years and a number of motors, come out higher with 
the star-delta motor, because it is designed with a 
larger total number of conductors. There are two 
points, therefore, to set off against the additional cost 
of the auto-transformer startor. In Table 6 a figure 
of 80 per cent is given as the comparative cost of a 
squirrel-cage motor with auto-transformer startor, 
and 65 per cent with star-delta startor. There we 
must look for improvement from the auto-transformer 
manufacturers, and not make the squirrel-cage motor 
subservient to its auxiliary apparatus. From the design 
point of view the ideal electrical machine—and I believe 
the simplest commercial machine in the world—is the 
3-phase squirrel-cage motor with 1 conductor per 
stator slot and 1 bar per rotor slot; it is impossible 
to imagine a simpler machine. Due to power, voltage 
and speed conditions, it is seldom possible to use such 
an ideal stator winding, but the minimum number of 
conductors per slot should be chosen. On the subject 
of the indestructible stator, unfortunately the speaker 
who referred to it coupled it with questions of d.c.c. 
wire, whereas it could be better linked with questions 
of micanite and its associated compounds, which may 
lead to indestructible stators. There is no reason why 
the indestructible motor should be impossible. I 
should like to ask the author for information with regard 
to the insulation of the inner rings on the double- 
squirrel-cage motor; is it possible to use bare bars, 
as is frequently done in the case of the ordinary squirrel- 
cage motor? What is his experience with regard to 
the number of slots? The old standard has been to 
use a prime number for the number of slots in a squirrel 
cage, but directly a form of construction such as that 
shown in Fig. 7 is used it means that an even (total) 
number must be used. Will that tend towards pro- 
ducing positions of cogging when heavy torque require- 
ments have to be met ? 

Mr. Justus Eck: The squirrel-cage motor is un- 
doubtedly something that everybody wants. The 
starting gear is very cheap indeed and perfectly reliable. 
We have not heard what the supply undertakings, 
who have been attacked by the author, have to say on 
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the question of why they have such very stringent 
regulations which make the installation of these motors 
rather difficult. The single-phase motor is coming 
very much to the front, and the high-torque squirrel- 
cage motor is of the greatest importance, as we all know 
what an unsatisfactory piece of apparatus the squirrel- 
cage single-phase induction motor is. I should like 
to have a little clearer explanation of the very interesting 
clutch shown in Fig. 2. We have heard a good deal 
about efficiency in the discussion, but the old bugbear 
of power factor has not been mentioned very much. 
I do hope the power-factor question will be kept alive, 
as it reflects on the efficiency. Although we want 
reliability we must have efficiency also to prove that 
the electric motor is the right power source for manu- 
facturers. . 

Mr. W. Wilson: The author mentions direct 
starting in different parts of the paper, and particularly 
on page 413, and he seems to be in favour of simple 
switch starting in every case where the supply under- 
taking permits it. This view has been borne out by 
some of the previous speakers in the discussion, and 
. I should like to add my support to theirs. In this 
connection I should like to state that in my opinion, 
based upon my own experience and upon inquiries I 
have made of motor manufacturers, it is in order to 
start any induction motor of any size by means of a 
simple switch. This view would appear to be sound 
when it is considered that the maximum torque that 
can be applied is only 24 times the normal value, which 
would seem to be insufficient to cause any damage to 
the motor itself or even to the connected load, and I 
should like to have the author’s pronouncement on this 
statement. Secondly, the author mentions star-delta 
starting, but I do not think he has given us any indi- 
cation as to the applicability of this method of starting 


for motors of various horse-power. . Now the peculiarity 


of star-delta starting is that in its application it is 
impossible to avoid opening the circuit and reclosing 
it when passing from the star to the delta position. 
There is thus a possibility that if the transition period 
is permitted to extend over any great period the rotor 
will be able to slow down and permit the rotating field 
to fall out of step with the reapplied voltage, leading 
to a very big current peak upon reconnnection. One 
observes therefore a considerable unwillingness on the 
part of manufacturers to provide star-delta startors 
for motors exceeding a certain size, the limit varying 
in practice from about 15 to 30 h.p. It seems clear 
that the magnitude of the current peak during transition 
depends directly upon the length of time occupied by 
the latter, and it should thus be possible to use this 
method of starting for quite large motors, provided 
that means are taken to render the transition stage as 
instantaneous as possible, for example by means of 
contactors or by means of some snap form of switching 
for hand-operation. I should be glad to have the author's 
views upon this point also, and as to the limiting size 
beyond which he considers star-delta starting to be 
inapplicable. . 
Mr. J. H. Meacock : The three points which I wish 
to raise have particular reference to the manufacture 
of electric lifts. In the first place, these double-squirrel- 
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cage motors apparently have to be built with an even 
number of slots. If that is so I should like to know 
‘whether this makes any difference to the noise of opera- 
tion of the motor when starting up and also when actually 
running. In the second place, Mr. Creedy mentioned 
that there are very serious problems connected with the 
retardation of a pole-changing motor. In lift work this 
has to be accomplished smoothly. Has the author ever 
considered whether there are advantages to be gained 
from a double-wound rotor as compared with a single 
high-resistance wound rotor during the retardation 
period ? Thirdly, the author puts forward a suggestion 
for limiting the starting current. Now, lifts always 
have to start up against the load, and very frequently 
there is only one lift and hence a single motor in an 
installation. I know the matter can probably be looked 
at from the broad point of view, but, taking the case 
of a lift in an office block, the author's limit is full-load 
current for starting, and that is not sufficient for the 
purpose. 

Mr. W. P. Richardson (communicated): The author 
has made out a very good case for the wider use of 
squirrel-cage motors, which, with their simple and robust 
construction, higher efficiency and lower cost, tend 
to the encouragement of the use of electric power. 
While their use, in any form, on small feeders may be 
undesirable, there are many installations where there 
is very little reason for prohibiting their use. During 
several years’ experience as a designer I have found it 
very unusual to receive a complaint regarding excessive 
starting current, provided the motor develops the neces- 
sary torque. This, in my opinion, shows that the effects 
of a momentarily high current are not nearly so objection- 
able in practice as is often supposed, and it is difficult 
to understand why so many comparatively small slip- 
ring motors are still being installed. 1 agree with the 
author that the double-squirrel-cage construction is the 
best arrangement for high-starting-torque motors up to 
roughly 100 h.p. In larger motors, however, the deep 
bar construction has the advantage that the higher 
values of current per bar enable a deep bar of good 
mechanical section to be used, and, since this also 
implies a wider slot, the slot leakage is less, and hence 
the reduction of running power factor less. In my view 
the difficulty in jointing the deep bars to the rings is 
less than in the case of the round bar of very heavy 
section which will be necessary for the inner winding. 
As stated in the paper, the characteristics of a double- 
squirrel-cage motor may be varied considerably, and 
the performance figures of a 20-h.p. 6-pole motor of 
different proportions from those given in the paper may 
be of interest. The slot arrangement was similar to that 
shown in Fig. 6 but with a slot ratio of 2 : 1. The start- 
ing current conforms to a specified limit of 1-5 x full- 
load current when starting star-connected. The efficiencies 
and power factors at full load, three-quarters load and 
half load were respectively 88 and 83 per cent, 87 and 
81 per cent, and 85 and 76 per cent. The slip was 2-9 
per cent, while the starting current was 1-4 x full-load 
current and the starting torque was 0-73 x full-load 
torque. These figures, taken from tests, show a 26 per 
cent reduction in starting current at a cost of 2 per cent 
in efficiency and 3 per cent in power factor, as com- 
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pared with the figures for dumb-bell slots quoted by 
the author. It is not generally appreciated that a higher 
starting torque than about 70 per cent of full-load 
torque with a current of less than about 1-7 x full-load 
current for star-delta starting necessitates reduction in 
running performance. I have frequently noticed that 
the theoretical ratio of 3 : 1 for the values of starting 
torques and currents for direct as compared with star- 
delta starting does not hold in practice, presumably due 
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to the reduction of reactance by the saturation of the 
leakage paths when large currents flow. Since the author 
uses a ratio 3 : 1 in his table it would appear that his 
figures are calculated values, and it would be interesting 
to know whether he has noticed this discrepancy between 
practice and theory. 


[The author's reply to this discussion will be found on 
page 439.] | 
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Mr. A. T. Robertson : Whilst I agree with the author 
that the squirrel-cage induction motor is the cheapest 
and most reliable and efficient type of motor, and that 
its use is unnecessarily: restricted by unwarrantable 
regulations, I think he has overstated the case against 
the wound rotor motor and also the case for the need of 
- various forms of special starting devices. The extra 
cost of wound-rotor motors in large sizes is not great, 
their reliability when the slip-ring and brush-gear 
construction is properly carried out is probably at least 
as great as that of the squirrel-cage type when fitted 
with a slipping clutch, and the reduction in power 
factor need not be as large as indicated by the author 
in Table 8, and is in fact just about the amount tabulated 
for the double-squirrel-cage motor with staggered slots. 
The wound-rotor motor has admittedly better starting 
characteristics than any form of squirrel-cage motor 
and should be used for crane and similar duties where 
repeated starting against load is the normal duty. 
The author’s objection that crane drivers swing the 
controller handles right over can be overcome-by using 
controllers arranged to make this impossible. The 
author bases his belief for the need of various forms 
of special starting devices for partial-load starting duties 
on figures for torques required [given in Section 3 (a)] 
and for torques obtainable from ordinary squirrel-cage 
motors (given in. Table 7). The former are over- 
estimated and the latter urder-estimated to such an 
extent that, contrary to his suggestion, an ordinary 
squirrel-cage motor with star-delta startor is satis- 


factory for the vast majority of drives starting against’ 


partial load. Line shafts requiring 50 per cent full-load 
torque for starting are exceptional and should have 
attention, because only some 60 per cent of the power 
developed by the motor is being used on the driven 
machines, assuming a ratio of running to static friction 
of 0-8. I fail to see why the author has not included 
fan drives in this section. A fan requires probably less 
torque to start than anything else, and with a star- 
delta startor in the star position any motor with the 
required overload capacity will accelerate it to about 
3 times the normal slip of synchronism. Changing 
over to delta, the motor takes about 3 times full-load 
current and gives about 3 times full-load torque, 
bringing the fan rapidly up to speed. If then there is 
any difficulty about starting a fan with a squirrel-cage 
motor, it is at the change-over period at approximately 
full speed and not at the start. A double-squirrel-cage 
motor is more liable to give trouble by not bringing 
the fan up to this speed than an ordinary squirrel-cage 


motor, because it is likely to have a lower overload 
capacity due to the higher impedance of the rotor. 
If proper use is made of the recent improvements in 
design and construction referred to by the author, it 
is possible to make ordinary squirrel-cage induction 
motors with efficiencies and short-circuit currents 
corresponding to those indicated in the paper, but 
with starting torques corresponding to the figures given 
for the double-squirrel-cage motors. Table A gives the 
starting torques obtained on test from such a line of 


. motors, from which it will be seen that for any size 


of motors up to about 100 h.p. with any normal number 
of poles, an ordinary squirrel-cage motor with star-delta 
startor will give from 4 full-load to over full-load torque 
at start. To obtain these characteristics the stator 
losses must be reduced by the same amount as the rotor 
losses have been increased. This can be done without 
appreciable increase in the cost of construction by 
using longer cores of smaller diameter with relatively 
deeper stator slots. At the same time, advantage 
should be taken of the partial effects of narrow rectan- 
gular rotor bars referred to in Section 4 (c) of the paper. 
The effect of such design is to obtain the same starting 
torques and current as the author tabulates for the 
double-squirrel-cage motor, without the reduction in 
power factor at normal loads and with a slight improve- 
ment in the efficiency at loads below full load. There 
is a limit to the possibilities of the above sort of design, 
but up to the conditións required for the usual partial 
starting-load duties it is unnecessary to incur the expense 
and low-power-factor disability of the double-squirrel- 
cage rotor. Where, however, a single-squirrel-cage 
motor constructed as suggested will not give sufficient 
starting torque with a star-delta startor, and the con- 
ditions of the supply do not permit the motor being 
switched direct on to the full voltage, then, and then 
only, do 1 think a double-squirrel-cage motor should be 
used. The justifiable percentage increase in first cost 
of high-efficiency motors given in Section 2 would be 
higher if the prices of the motor and startor were given 
separately, the startor price being independent of the 
motor efficiency. The comparison between the two 
10-h.p. motors given in Table 4 to illustrate the com- — 
paratively high efficiency of an induction motor over 
the wide range of loads is unfortunate because the 
efficiency of the induction motor falls off more with 
load than does that of the d.c. motor. The use of a 
clutch arranged to operate as shown in Fig. 3 reduces 
the maximum overload capacity of the unit from 2-4 
to 1°8 times full load. The form of slotting for a 
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double-squirrel-cage rotor shown in Fig. 7 does not 
permit an odd number of slots to be used. I should 
like to know whether this restriction has made motors 
with an odd number of pole-pairs show a tendency to 
cog or crawl. At present a large number of supply 
undertakings have regulations which needlessly restrict 
the starting current of induction motors, no doubt 
largely owing to the regulations not having been revised 
with the growth of the undertakings. Some of the 
regulations are obviously inconsistent in themselves, 
but apart from this there is the broad question of 
whether a single regulation can be justified when the 
conditions for every feeder and distributor are different. 
The regulation can be drawn up for the worst and applied 
generally—this is safe and simple, but it does restrict 
the use of the cheapest and most reliable form of motor 
and so the use of electrical power. If, therefore, a 
regulation of this sort must be used for what might be 
termed legal reasons, it should be made clear that 
concessions will be made on feeders where it is unneces- 
sarily severe. The expression suggested by the author 
is a decided advance on those given in Table 10, but it 
admittedly neglects factors that may be more important 
than those which it takes into account. Incidentally, 
if an installation consists of one motor the starting 
current must not exceed full-load current, and this is 
quite independent of the size of motor; also, being 
based on full-load current, it favours low-efficiency 
and low-power-factor motors. I had occasion to com- 
pare two designs recently where 3% times full-load 
current on one was more than 4-times full-load current 
on the other, owing to lower power factor and efficiency. 
I would suggest then, that the expression be modified 
as follows : 
“* Starting current not to exceed 


3 x motor h.p. + total h.p. 
x 


amperes, or Y amperes, whichever is the larger.” 
For a 440-volt supply X would be about 3 to fit the 
author’s expression, and Y might be 100 amperes, so 
that star-delta starting would be permissible on any 
motor up to about 25 h.p. 


TABLE A. 


Starting Torques of Standard Squirrel-Cage Induction 
Motors, in terms of Full-load Torque. 


2-pole | 4-pole | 6-pole | 8-pole | 12-pole] 16-pole 


5 b.h.p. 3-3 | 2-5.| 2-2] 1-8| 1-5 | 1-25 
25 b.h.p 3-2 | 2-4] 2-1 | 1-7] 1-3] 1-25 
150 b.h.p 22-5|2-2|1-5|1-3| 1-1 | 1-0 


Mr. H. B. Poynder : I share the author's view 
that the squirrel-cage induction motor could be used in 
a great many situations where motors of other types 
have been used in the past. There are, however, a few 
points which 1 think call for comment. The author 
treats the squirrel-cage motor with star-delta startor 
and direct starting as equal in first cost. Is this quite 
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right ? Apart from the fact that 6 leads are required 
which may have to run a considerable distance, the 
stator of the star-delta motor requires 6 terminals and 
more turns of smaller section. It must, therefore, be 
inherently rather more expensive to construct. It may 
be, however, that the majority of manufacturers take 
the rough with the smooth and charge the same for 
both types. When we come to operating costs, how- 
ever, is it quite fair to consider the two as being of the 
same efficiency ? The delta-wound motor has usually 
a poorer space factor due to the larger number of turns, 
added to which there is, I believe, a risk of third- 
harmonic circulating currents, although I do not know 
to what extent these are likely to be met with in practice. 
Certainly the star-wound motor is generally regarded 
as being electrically and mechanically a rather better 
and more reliable job. Perhaps the author can quote 
typical efficiency figures for the two types. I hope the 
disadvantages of the delta-wound machine have been 
exaggerated, because star-delta starting admirably 
suits the characteristics of the automatic clutch, this 
combination being in some cases the best arrangement 
to adopt. I think the use of centrifugal clutches could 
be considerably extended and I am particularly im- 
pressed with the type illustrated, which should be very 
positive and capable of adjustment to suit the various 
conditions met with. Whilst, however, the device 
seems ideal for belt drives, it is not easily applied to 
direct-coupled and geared drives, without alterations 
in the mechanical design and usually increased overall 
dimensions. The summary of the various devices used 
to give increased torque at starting is very interesting 
and I think that the double-squirrel-cage design will 
also come into increasing use. I believe, however, that 
in the majority of cases the ordinary motor, direct- 
started, meets all reasonable requirements and that 
both the star-delta motor with a clutch and the double- 
squirrel-cage types should be reserved for special cases. 
It would somewhat improve the characteristics of the 
ordinary squirrel-cage motor if the rotor short-circuiting 
rings were of steel of equivalent section to the usual 
copper. Is it certain that the difficulty of electric 
welding of copper to steel has not been exaggerated ? 
It is when the author deals with starting currents that 
I particularly join issue with him and I think that the 
paper is misleading. At the foot of page 421 the 
implication is that the shock on a machine which is 
directly coupled to an ordinary squirrel-cage motor is 
greater with direct starting than with auto-starting 
or star-delta starting. The author may be correct in 
stating that the tendency to belt slip is greater, but I 
am sure that in practice he is wrong in the direct- 
coupled case. He is evidently not referring to cases 
where a centrifugal clutch is used. Taking the ordinary 
motor which the author shows as having a maximum 
torque at 80 per cent of full speed, it will generally 
be found with star-delta or auto-transformer starting 
that the floating speed in the starting position is only 
slightly in excess of 80 per cent of full speed. It is 
seldom as great as 90 per cent. This is certainly the 
case with fan and pump drives and must be the same 
with many other types of machinery. In such cases 
the accelerating torque gradually falls as the motor 
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approaches the floating speed, and it is rather difficult 
to tell by ear when it is reached. Added to this we have 
the natural impatience and carelessness of operators, 
and the only safe course is to assume that a large number 
of starts will take place when the switch is moved over 
at 80 per cent of full speed, i.e. at the moment of maxi- 
mum torque, and the mechanical strength must be 
sufficient for this condition. The sudden increase in 
torque when switching over at 80 per cent speed is, 
in the typical case, actually greater than the initial 
torque with direct starting, and the shock on the driven 
machine is, therefore, greater. I am ignoring any 
possibility of movement of the stator windings due to 
the large current with direct starting, since our leading 
makers realize the possibility of occasional direct starts, 


and I think none of them would admit any risk of coil 


movement. In power stations, both in the United 
States and in this country, it is now becoming standard 
practice to switch on large squirrel-cage motors of normal 
design direct, even up to 300 and 400 h.p., and cases 
have arisen where fan makers have objected to this on 
the ground that it throws an undue strain upon the 
fan wheel. It is very difficult to convince them that 
the maximum possible torque is identical and that the 
shock is actually less than when a star-delta switch or an 
auto-startor is used, when they can read such statements 
as that at the foot of page 421, which are also to be found 
in other technical and trade publications. I admit 
that with certain drives with a good deal of backlash 
there may be an advantage in having a small initial 
torque to take it up gently and having the bigger shock 
later on, when all parts are in close engagement, but I 
think this would only be found where the backlash is 
excessive and the motor rotor is able to store appre- 
ciable kinetic energy before it is taken up. An article 
which appeared in the Electrical World a year or two 
ago analysed the conditions of starting with auto- 
transformers at some length and claimed that in a 
typical case the great increase in the time of starting 
due to the use of this device resulted in a greater total 
amount of heat being generated in the motor than would 
be the case with direct starting, in spite of the reduction 
in the peak currents. Assuming that the writer of the 
article is correct (I have not checked his calculations), 
both heating and mechanical shock are therefore reduced 
by direct starting, and the only advantage of the auto- 
startor which remains is the reduction in the current 
peak. The author has pointed out that the drop in 
the consumer’s power wiring is a matter of no importance 
and that it is the drop on the supply undertaking’s 
mains external to his premises which really matters. 
In considering this, however, he has ignored the effect 
of different starting periods. In the case of a large power 
company with a considerable number of motors con- 
nected, the overlapping of the starting of different 
motors is a factor which must be taken into account, 
and it seems to me that there is no advantage in 
decreasing the individual rush of current to, say, half 
if the probability of overlapping is more than doubled. 
Even apart from overlapping, however, the total candle- 
seconds reduction on tungsten lamps due to any one 
start is generally greater when the auto-transformer is 
used. It therefore appears that the use of an auto- 


startor instead of direct starting is of no advantage 
either to the user or to the supply undertaking in the 
average case with ordinary motors without centrifugal 
clutches. There are no doubt cases where an auto- 
startor is useful, as for instance where inching is required 
against a low torque and where excessive backlash 
exists, but I believe that at least three-quarters of 
the auto-startors which have been sold are absolutely 
unnecessary and that their use cannot really be justified. 
Consulting engineers, supply undertakings and manu- 
facturers have been equally to blame in this matter, 
and the sooner it is realized that the auto-startor should 
be relegated to oblivion, except in a few quite special 
cases, the better it will be for the industry. It will be 
appreciated that much the same arguments apply to 
star-delta starting, except that it does not involve such 
a waste of money. I am, therefore, of the opinion 
that the author’s formula is illogical and undesirable— 
illogical because it does not take into account the 
actual length of time of the start, which is one of the 
most important factors, whether from the point of 
view of overlapping or of the actual loss of light, and 
undesirable because it would lead, as his examples show, 
to the installation of auto-startors and star-delta startors, 
which will be of no real use to anyone concerned. 
Except in cases where special requirements of the driven 
machinery make slip-rings or auto-transformer starting 
desirable, I consider that nearly all the motors in his 
examples could be direct started, the balance having 


_star-delta starting with a centrifugal clutch which 


prevents the load being applied until the switch is in 
the running position. I appreciate that there is at 
present one difficulty in connection with direct starting 
and that is that none of our large firms seems to have 


developed a line of simple and cheap quick-make oil 


switches for direct starting. If the operator hesitates 
in closing the switch, severe burning is liable to take 
place owing to the large rush of current. There are 
many simple oil switches standardized with quick 
breaks, such as the upper portion of the ordinary auto- 
startor. It is only necessary to modify these slightly 
to give them also a quick “ make” and thus render 
them suitable for direct starting. 1 believe that Messrs. 
Reyrolles have such a switch, but only, 1 think, of one 
size. There should be a complete line of these to suit 
all powers. I feel that strong pressure should be brought 
to bear upon the larger supply undertakings with regard 
to the starting of motors, as their present regulations 
have only an imaginary value in most cases and throw 
an unnecessary tax upon the industry. 

Mr. A. B. Maclean : In dealing with the induction 
motor with the double-squirrel-cage rotor the author 
makes no mention of the effect which the special rotor 
winding may have on the maximum torque. If we 
start with given core dimensions there is not much 
latitude in the design of stator winding as this is largely 
governed by the flux density permissible and we may, 
therefore, assume that whether a single-squirrel-cage 
or double-squirrel-cage rotor is employed the stator 
winding will be the same. The factor which will affect 
the value of the maximum torque will then be the rotor 
reactance. In the case of the single-squirrel-cage rotor 
a torque curve similar to curve “ A ” (Fig. 9) will be 
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obtained, but in the case of the double-squirrel-cage 
rotor a curve will be obtained which is a combination 
of two, one being similar to curve “ A,” but with its 
ordinates reduced by a quantity which increases with 
slip, this reduction being caused by the high reactance 
of the running winding, and the other being similar 
to curve “ C ” in the same figure. The actual maximum 
torque obtainable is likely, under the conditions given, 
to be considerably less than with the single-squirrel-cage 
rotor. In Section 6 of the paper, where the author 
deals with the question of voltage-drop due to starting 
currents, his results may be rather misleading as he 
has taken no account of the effect of the reactance of 
transformers which, in the majority of cases, would be 
interposed between the power station and the motors 
to be started. In the case which the author works 
out let us assume more usual conditions, say a load 
supplied through a feeder 100 yards long fed from a 
transformer of, say, 200 kVA capacity. 


Transformer resistance 


1 per cent (equivalent to 
-0-0097 ohm per phase). 
5 per cent (equivalent to 
0-0485 ohm per phase). 


Transformer reactance 


Feeder resistance = 0-0323 ohm. 
Feeder reactance = 0:00693 ohm. 
Total resistance = 0-0420 ohm. 
Total reactance = 0-0554 ohm. 


Steady voltage-drop before the current peak is thrown 
on is 


Voltage-drop= /3X 100 (0-8 x 0-0424-0-6x0-0554) 
=11-6 volts. 


Assuming now that a current peak of 100 amperes at 
0-25 power factor is thrown on, we have 


` Voltage-drop=1/3 x 188 x (0-56 x 0: 042+ 0: 83 x 0: 0554) 
= 22-6 volts. 


If the current peak of 100 amperes is at a power 
factor of 0-8, then 


- Voltage-drop= 4/3 x 200 x (0-8 x 0-042+0-6x0-0554) 
= 23-2 volts. 


Thus there is practically no difference in the voltage- 
drop in the two cases. Further, if the feeder is shorter, 
say only 50 yards, the voltage-drop in the two cases 
becomes 18-8 and 17-9, i.e. it is less where the additional 
load is at the higher power factor. An advantage may 
be claimed for the induction motor with the double- 
squirrel-cage rotor in respect of the improved voltage 
regulation. Thus if the motor with the single-squirrel- 
_ cage rotor takes a starting current of 100 amperes at a 
power factor of 0:25 the probability is that the motor 
with the double-squirrel-cage rotor would give the same 
starting torque with a current of about 50 amperes at 
a power factor of about 0-5. In the case worked out 
above, the motor with the single-squirrel-cage rotor 
would reduce the voltage when starting by 22-6 volts, 
whereas the motor with the double-squirrel-cage rotor 
would reduce it by only about 14 volts. 


Mr. H. V. Field : In the first paragraph of Section 3 
the author states that “the induction motor is self- 
regulating in adjusting its field ampere-turns to suit 
the armature ampere-turns. This gives it a compara- 
tively high efficiency over a wide range of loads. In 
this feature it has the advantage over d.c. shunt motors 
and synchronous machines whose field ampere-turns re- 
main fixed... .’”? This would hardly appear to be correct, 
as the induction motor requires a practically constant 
field to generate the necessary back e.m.f., and takes a 
nearly constant exciting current for this purpose. Is 
not the difference really due to the employment of 
lower densities in the magnetic circuit, giving lower iron 
losses ; to the absence of brush friction loss, and to a 
slightly less windage loss? At the bottom of col. 1, 


page 414, the author states “ It is entirely wrong to : 


suppose that a motor fitted with one of these clutches 
takes its maximum current peak at the instant of 
starting.” To this, I suggest, should be added “ except 


for direct starting.” In regard to the centrifugal 


clutches in which one weight may be set to act before 
the other two, is any appreciable out-of-balance pro- 
duced during this condition with high-speed motors ? 
Table 6 would be increased in value if motors having 
internal resistances cut out by centrifugal switches 
were included. The author’s views on this type would 
also be appreciated. Are the composite conductors of 
the Wall type made on the same principle as that for 
copper-clad steel conductors for overhead lines, or are 
they built up from copper rod and tubing? Also have 
these motors been adopted to any extent? Can the 
author give any information or references for calculating 
the performance of double-squirrel-cage rotors ; also, to 
what extent does neglect of the mutual flux involve 
error when treating each cage separately and combining 
the results ? 

Mr. R. J. H. Beaty: I agree with the author’s 
contention that in many districts in this country wound- 
rotor motors are specified for drives which could be more 
efficiently dealt with by the squirrel-cage type. There 
is no appreciable advantage in using the squirrel-cage 
type for sizes larger than 150 h.p. except in the case of 
a high-speed motor where a rotor without insulation 
may be expected to retain its mechanical balance better 
than a rotor containing insulated conductors. A 500- 
h.p. motor running at a normal speed should not be of 
the squirrel-cage type as suggested in the 2.000-h.p. 
installation on page 425. As the wound rotor does 
not depend upon its internal resistance for starting 
torque, and as rotor copper is a comparatively small 
item in the total materials, it is good practice to be 
generous with the rotor copper and thus obtain high 
efficiency and small slip. The question of switching 
direct on to the supply versus star-delta starting has 
been raised during the discussion. Manufacturers 
would prefer that all 400-volt motors of less than 5 h.p. 
should be switched on direct so that the stators could 
be wound for permanent star connection, thus avoiding 
the use of finer wire than is desirable. Above 5 h.p. 
the delta connection becomes increasingly desirable 
until a size is reached where it is impossible to get the 
correct number of conductors without changing the 
number of slots. I think that, for the sizes of induction 
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motors that are most used in industrial work, a somewhat 
higher pressure not exceeding 870 volts is desirable. 
This would not necessitate any change in the insulation, 
and the frame size up to which a standard number of 
slots could be used would be increased. There would 
also be a substantial reduction in the proportion of 
copper in the cables to that in the motors. On page 416 
the author works out the annual increase of the power 
bill of a 20-h.p. motor with a rotor having double the 
normal resistance. These figures are based on a motor 
running continuously at full load. The rotor loss varies 
nearly as the square of the load, and therefore the 
difference between the efficiencies of the two motors 
becomes less at lower loads. It follows that a motor 
of this type working on a variable load will show a 
much smaller waste of energy. Where the chief duty 
of the motor is to accelerate the load, it seems to me to 
be wrong to use the squirrel-cage type except for small 
sizes up to about 5 h.p. Such a motor works with a 
weakened field and part of the work which should be 
done by the iron is transferred to the copper. This 
is somewhat analogous to using a heavily compounded 
d.c. motor with the series winding opposing the shunt. 
The results obtained with the double-squirrel-cage 
motor are very encouraging. 

Mr. T. Carter : The author says, in the last para- 
graph of the Introduction, that electric arc welding 
and improved methods of brazing have resulted in the 
present-day indestructible rotor. That is to say, the 
rotor winding has now become vastly stronger than 
the stator winding ; and if any conditions arise in which 
overheating of the windings takes place it will be the 
stator winding—and not the rotor winding—that will 
suffer, probably by burning out. Earlier practice left 
the rotor more likely to suffer than the stator; and 
since, if any rewinding or renewal is to be done, it is 
cheaper to repair the simple rotor winding than the 
more elaborate stator winding, 1 sometimes wonder 
whether the indestructible rotor is actually an advantage 
when the stator is not also indestructible. The kind 
oí condition that will do what 1 have suggested arises 
when one of the phases of a 3-phase supply is open- 
circuited, and the motor goes on running with only 
two lines connected to the stator. Formerly, the 
rotor joints used to give out if the faulty condition 
endured long enough; but now they are too strong, 
and the stator winding fails. My second point relates 
to Section 4 (d) of the paper, which describes double- 
squirrel-cage motors. The author states that one 
objection to a (which grammatically means “ any”) 
motor fitted with a double-squirrel-cage rotor is its cost, 
which is from 5 to 10 per cent higher than that of a 
(that is, again, “any ”) single-squirrel-cage machine. 
This, however, is far too Sweeping a comparison: all 
it can mean is that of two motors with the same general 
shape of stator and rotor cores, and with similarly 
wound stators, if one is fitted with a double-squirrel- 
cage rotor and the other with a single, the former will 
cost more than the latter. In other words, the author's 
statement applies only to motors of identical or generally 
similar design, except for their rotors. In the same way, 
presumably, the performance figures given in Table 8 
apply to a series of motors designed, except for their 


rotors, on similar lines. But it is quite possible to 
obtain single-squirrel-cage motors with characteristics 
very like those of the double-squirrel-cage machines 
described in Table 8; and the interesting thing would 
be to have comparative figures of prices of double- 
squirrel-cage motors and single-squirrel-cage motors 
with approximately equal efficiencies, power factors, 
slips, starting currents, and starting torques. 1t will 
probably be difficult for the author to give such com- 
parative data as 1 have suggested ; but, without them, 
statements about relative costs, and particulars like 
those in Table 8, have really a rather illusory value. 
My third point can be dealt with in the form of a com- 
ment on Table 10. The author has done well to draw 
attention to the very anomalous regulations laid down 
by some undertakings. 1 hope that the coming of a 
central authority will eventually mean that a simple 
set of sound regulations, helpful rather than hampering, 
will be evolved for the whole country to work to: 
then we shall know what demands the industry really 
needs to meet. The regulations of undertaking C in 
Table 10 are typical of several, I believe, and they 
show how the fallacious view seems to be held that an 
auto-transformer startor limits starting currents more 
than a star-delta startor does. It seems to be entirely 
forgotten by the framers of regulations like these that 
a star-delta startor is equivalent to an auto-transformer 
startor with only a 58 per cent tapping, whereas an 
auto-transformer startor is provided with a multiplicity 
of tappings, usually up to 80 per cent, and sometimes 
even, as the author points out, over 100 per cent. 
There is neither rhyme nor reason in stipulations that 
ignore the facts of the case; and yet manufacturers 
themselves are not always precise enough in their 
statements. How it is now I do not know; but not 
very many years ago the catalogue of one large manu- 
facturing firm stated in print that, in effect, full-load 
starting torque could be obtained from any squirrel-cage 
motor by starting it with one of that firm’s auto-trans- 
former startors. How a motor not possessed of full-load 
torque at starting, even if switched direct on to the line, 
could have the boon of additional torque conferred on 
it by the use of even the most perfectly designed auto- 
transformer startor was not explained in the catalogue ; 
and I am left wondering still. My fourth and last 
point is about the author’s suggested regulation 
governing the starting current of squirrel-cage motors, 
given in Section 7 of the paper. It is very com- 
mendable to propose some such regulation, and I hope 
that more will be heard of it in practice. Obviously 
so simple a regulation may lead to apparent incon- 
sistencies under some conditions, and I suggest to the 
author that he should deal in his reply with what may 
seem to be defects in his empirical formula. For 
example, in a single-motor installation the starting 
current of the single motor must not exceed the full- 
load current; but if there are, say, 5 identical motors 
in an installation, the starting current of any one of 
them, or of all of them started together, may be twice 
the full-load current. If, therefore, one installation 
uses a single 50-h.p. motor, and another five 10-h.p. 
motors, all started practically simultaneously from some 
central point (a usual enough arrangement when each 
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motor is driving line-shafting for a group of machines), 
the single-motor installation is bound not to use more 
than half the current at starting that the 5-motor 
installation may use, and will use if the starting is done 
in the way 1 have suggested. 1 think that the author 


would help his case if he were to make some reference . 


to apparent anomalies such as this. 


[The author's reply to this discussion will be found on 
page 439.] 


NORTH-WESTERN CENTRE, AT MANCHESTER, 10TH JANUARY, 1928, 


Mr. J. S. Peck : The squirrel-cage motor was intro- 
duced some: 30 years ago, and many of these motors 
which were put into operation then are running as well 
to-day as when they were installed. The author tells 
us that many improvements have been made in the 
design oí induction motors during that period. This is 
quite true, and perhaps the most important of all these 
improvements is the welded or brazed joint between the 
rotor bars and the end rings. All those changes and 
improvements in design have, however, been in details, 
and if one compares the squirrel-cage motor of 30 years 
ago with the single-squirrel-cage motor of to-day he 
will find that in all essential elements it is the same 
machine. The latest development in the squirrel-cage 
motor is, as the author has pointed out, the double 
squirrel-cage. This is not really a new invention, as it 
was proposed many years ago, and a considerable number 
of these motors have been built at different times, but 
the proposal to adopt it for general use is quite a recent 
development and it will be interesting to see whether it 
becomes a generally accepted standard of construction. 
The objection to the squirrel-cage motor has always 
been that in order to obtain a reasonable starting torque 
it takes a very heavy current from the line. On this 
account it got a bad name in certain quarters, so that its 
many virtues were overshadowed by its one fault. On 
account of this high current at starting very stringent 
rules have been laid down by many of the supply under- 
takings in this country, and the employment of this 
highly desirable type of machine has been limited to 
small sizes, which has greatly restricted its use. The 
double-squirrel-cage construction gives a lower starting 
current or a higher torque than the single-squirrel-cage 
motor with the same starting current. Therefore I think 
it is time that a concerted effort was made, along the lines 
pointed out by the author, to revise those rules and thus 
give the squirrel-cage motor a fair chance. The double- 
squirrel-cage motor offers a legitimate excuse, if it is 
wanted, for revising these rules. The advantages of the 
squirrel-cage motor are so apparent that it is desirable, 
from all points of view, that these rules should be revised 
and the apparatus given a fairer chance than it has had 
in the past. The rule laid down by the author is, in my 
Opinion, much on the safe side; in fact I do not think any 
definite rule can be laid down as to the maximum size 
of motor which may be used, because of the number 
of different conditions which affect the case. In many 
instances a motor could be installed, with perfect safety, 
of a much larger size than it would be safe to permit by 
a general rule. In other words, each case must be 
considered on its merits. 

Mr. L. H. A. Carr: I am almost in entire agreement 
with the author, and so my remarks are necessarily 
confined to points of minor importance. It would 


appear that the general statements made by the author 
with regard to squirrel-cage motors really only refer to 
relatively small machines, say below 50 h.p., and that 
these statements require modification in the case of large 
motors. For instance, he says that the straight squirrel- 
cage motor has a higher efficiency and higher power 
factor than the corresponding slip-ring motor. This 
statement is frequently met with, but nevertheless it is 
a fallacy. In order to obtain a reasonable starting 
torque with a reasonable starting current, even down to 
fairly small sizes, it is found necessary to make the 
efficiency of the squirrel-cage machine at least as low 
as that of the slip-ring machine, and certainly lower than 
this figure in the larger sizes. Taking the author's own 
figures, the starting torque of a squirrel-cage motor 
thrown straight on the line varies from 100 to 250 per 
cent of full-load torque. The smaller figure of 100 per 
cent may be taken as corresponding to the larger motors. 
A reasonable assumption is that the current taken when 
the motor is thrown straight on the line is 6 times 
full-load current. Due to the effect of the magnetizing 
current, the rotor current varies slightly more than 
this, say in the ratio of 1 to 6}. Then the full-load slip 
is 100 per cent divided by the square of 64, or 2-37 per 
cent. A slip-ring motor of, say, 300 h.p. will have a slip 
of only about 14 per cent, and will therefore—other 
things being equal—have an efficiency nearly 1 per cent 
higher. In small machines the tooth-pulsation loss is 
frequently rather higher in slip-ring machines, thus 
discounting to some extent the difference in rotor losses, 
but in larger machines this difference in core loss (due to 
tooth pulsation) between squirrel-cage and slip-ring 
machines practically disappears. If the squirrel-cage 
starting torque is taken to be higher or the current 
consumption less, the difference in efficiency in favour 
of the slip-ring type is still more marked. On page 413 
the author states that the squirrel-cage motor and auto- 
startor are cheaper than the slip-ring motor and rotor 
startor. This again is only true in the smaller sizes, the 
large liquid startor being much cheaper than the corre- 
sponding auto-startor. In the various types of rotor 
described by the author no mention is made of the 
L shape of conductor. I agree with the author that the 
composite-conductor type of construction is not as 
satisfactory as the use of two separate circuits, for the 
following reason. In the case of the composite conductor 
the maximum possible variation in the relationship of 
inductance to resistance as the slip varies is not large 
enough to obtain the best results, but with the double 
Circuit this limit does not exist. In Table 8 has the same 
size of stator been taken throughout? From the figures. 
given it can be inferred that the winding varies from case 
to case, but are the bore of the stator and core length 
kept constant? Further, has the core loss been taken 
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- on the same basis throughout, either proportional to the 
square of the flux or other definite law? Have double- 
squirrel-cage motors ever been known to “ crawl,” and 
if so was this due to the seventh harmonic or to a slot 
harmonic? With reference to the values of v, x, etc., 
given in Figs. 4, 8, etc., I should be glad to know what 
the “ equivalent circuits ’’ are, and whether they are all 
identical. For example, in Fig. 4 one would expect the 
circuit (rg + ja.) to be connected across Tə but in Fig. 8 
it is possible that (rg + jaz.) is connected across (ra + jaa). 
Is this so, and if so how is the zigzag leakage split up? 
It should, I think, be emphasized that the double- 
squirrel-cage rotor, and every type of squirrel-cage rotor 
irrespective of the shape of its torque curve, follows 
two of the well-known standard squirrel-cage rotor laws. 
These are:—(1) Slip = (rotor copper loss)/(output plus 
rotor copper loss), and (2) with a straight-line speed/time 
curve, and at zero load, the loss dissipated in the rotor 
during the acceleration period is exactly equal to the 
stored energy in the moving masses when up to speed. 
The effect of this second law has been brought out by the 
author on page 413 when he makes the condition “ pro- 
vided that the starting period is not such as to cause the 
machine to overheat.” This is of considerable import- 
ance, particularly in the larger sizes where the heat 
Capacity of the rotor is proportionately much less than 
in the smaller machines, and this condition must always 
rule out the use of squirrel-cage motors for certain types 
of drives where the inertia of the masses to be accelerated 
is considerable. Other drives where the squirrel-cage 
rotor is barred are drives where a creeping speed or a 
very gradual start is required, in either of which cases 
the slip-ring motor with liquid startor remains pre- 
eminent. The squirrel-cage motor in the past has had 
a wide range of application from which it has in many 
= cases been shut out by ill-advised regulations. The 
double-squirrel-cage rotor still further widens that field. 
There is all the more reason, therefore, that unduly 
harsh regulations should be revised, and I heartily sup- 
port the author in his attempts to hasten this revision. 
Mr. N.C. Langrish : The author has shown how the 
recent developments ‘of squirrel-cage motors have very 
considerably widened the possibilities of their applica- 
tion, but when he suggests that this type of machine 
may eventually supersede the slip-ring pattern for use 
on cranes he makes a suggestion which deserves further 
consideration. Taking the single-speed machines first, 
it appears that these may be controlled (1) by means of 
` a suitable reversing switch that will throw the motor 
directly across the line, and (2) by means of a reversing 
controller and resistance, the latter being connected in 
the stator circuit for starting and regulating purposes. 
Where a plain reversing switch is used, the motor will 
exert its full starting torque every time it is started up, 
and, as no method is provided for obtaining a reduced 
speed, inching will become necessary more frequently 
than where a slip-ring type of machine is used. The 
effect of this repeated shock on the ropes, gearing and 
whole of the mechanism of the crane will surely result 
in added maintenance costs of these parts. The revers- 
ing switch itself will also have to meet very severe 
service conditions. It will be called upon to make a very 
heavy starting current, i.e. over 3 times full-load current, 


VoL. 66. 


every time it is closed, and if used for reverse-current 
braking nearly double this current will flow. It will 
also, owing to the frequent necessity of inching, have to 
break currents of the same order, and these currents, 


having a low power factor, will be very destructive of the 


arcing contacts. It would therefore appear that the 
additional reliability obtained by the use of the squirrel- 
cage motor will be more than counterbalanced by the 
added maimtenance cost of the reversing switch and crane 
mechanism. The use of resistance in the stator circuit 
will reduce the mechanical shock on starting, but how 
much speed regulation can be obtained? On page 421 
are given some speed/torque curves, but these are alto- 
gether too flat to give any promise of useful stable speed 
regulation. Taking step No. 1, the motor starts from 
rest with the torque increasing until a speed of approxi- 
mately 40 per cent is obtained. It then begins to fall 
but is not steep enough to give any possibility of stability 
until the motor is nearly up to its full speed. In actual 
practice the required torque will fall away once the 
motor has overcome the static friction and started to 
revolve, so this step will be of little use even if the best 
loading conditions obtain. For step No. 2 the curve is 
a little steeper, but if we take into account the fall in 
torque experienced once the static friction is overcome 
it will be evident that not much useful speed regulation 
can be obtained here. On the other steps it appears that 
unless the crane is overloaded and unless the torque 
required is greater than full-load torque, the motor will 
run up to practically full speed. The speed control that 
can be obtained does not compare with that obtainable 
from a slip-ring motor and, further, while the regulating 
resistance is in circuit the squirrel-cage motor will take 
more current than'the slip-ring type. The 2- and 3-speed 
motors will give 2 and 3 different and definite speeds 
respectively, but will the squirrel-cage motor and its 
controlling equipment show any advantage as far as 
initial cost is concerned when compared with the slip-ring 
equipment? Generally it would appear that the 
squirrel-cage motor may be usefully employed for small 
and cheap cranes, yet for the better class of crane and 
where any reasonable amount of speed control is required 
the slip-ring machine should still be employed. 

Mr.L. Romero: This paper should prove of consider- 
able value to many supply engineers who are changing 
over from direct to alternating current, as it should help 
them in persuading consumers that the change-over is 
going to be to their advantage. I have always been 
very much in favour of the squirrel-cage motor and I have 
made a practice of allowing the largest possible size to 
be installed in individual cases. There is one small 
drawback to set against the advantage which large 
consumers derive by being able to install large squirrel- 
cage motors, namely the difficulty of selling them again 
owing to the restricted market due to the small number 
of people who can use them. For that reason, and other 
obvious reasons, I think it is very desirable to standardize 
rules for motor starting currents as far as possible and 
not to treat too far every individual case on its merits, 
as one of the previous speakers suggested. The author's 
formula for regulating the maximum starting current 
of motors is a very praiseworthy effort to obtain greater 
uniformity of practice throughout the country. 
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Mr. A. B. Mallinson: I was very interested to hear 
Mr. Peck refer to the long period that squirrel-cage 
motors have been a commercial article. It reminded me 
of a large installation which I put in 22 years ago in 
which the motors had bolted and soldered end-rings. 
There were 30 motors and the power units were two of 
1000 h.p. each. Those motors were coupled by ropes, 
without any slipping clutch, on to mule and ring room 
shafts. They were the ordinary squirrel-cage motor of 
that date and we had no trouble at all in getting them 
to run up to speed when desired, although the primary 
installation was intended to run all motors up to speed, 
with the power plant, by separate excitation of the 
alternators. I have just recently completed on similar 
lines a larger installation in a group of cotton mills with 
squirrel-cage motors of up to 350 h.p. The first con- 
sideration was whether to take the public supply or not. 
One of the reasons which eventually influenced the 
purchasers to have their own plant was that the supply 
company insisted that all motors above 25 h.p. had to 
be of the slip-ring type. In this case there are four 
350-h.p. motors, eight 275-h.p. motors, and the rest are 
150-h.p. motors with a load of 1 600 kW on a 2 000-kW 
turbo set. We have had no difficulty in starting up the 
350-h.p. squirrel-cage motors with an auto-startor on 
the main board. The motors were not of the high-torque 
type. The author refers to the devices which have been 
used for putting a slip-clutch mechanism between the 
rotor shaft and the driven unit. Personally I have 
found that the squirrel-cage motor with the slip clutch 
often gives more trouble in the matter of maintenance 
than the slip-ring motor. The fault largely lies with the 
makers of the slip clutches because they rate them too 
high, but, unfortunately, people do not realize that until 
they have purchased them and put them into service. 
Then they find that the clutch blocks are continually 
requiring renewal. I entirely agree with what other 
speakers in the discussion have said about the need for 
standardization, but I foresee one possible trouble. So 
far our designs of auto-startors, taking the ordinary 
commercial article, are not sufficiently foolproof. The 
human element is too largely relied upon, and I think 
that supply engineers are rather chary (and rightly so) 
of the big squirrel-cage motors because of the breakdowns 
than can so easily occur through foolishness or gross 
carelessness of the operator. I have more than once 
found cases of that kind. I always make a practice of 
putting an ammeter in circuit and telling the operators 
not to change over until the ammeter needle has re- 
turned to the normal running reading. I have, however, 
often found operators deliberately switching over to the 
running position without so waiting. 

Mr. R. B. Breeze : The formula given on page 425 is 
very useful for those who use a large number of motors, 
but to the small consumer with one motor only, to whom 
we sell hundreds of motors in the aggregate, it means 
that to have full-load current at starting he must always 
install a slip-ring motor. 1 would suggest that some 
definite figure for starting current be fixed. Alterna- 
tively a minimum horse-power dependent on the size of 
the undertaking supplying the current might be arranged. 

Mr. E. Turner: On page 412 there are some useful 
figures supplied by the British Engine, Boiler and 


Electrical Insurance Co., Ltd., with regard to break- 
downs of electrical machinery, and I should like to 
supplement these by some figures published by the 
Vulcan Boiler and General Insurance Co., Ltd. The 
tables give the primary causes with the relative percent- 
age number and percentage cost of breakdowns to 
machines insured with this company, and is an analysis of 
breakdowns which occurred to electrical machines during 
one year. 


BREAKDOWNS TO A.C. Motors (SLIP-RING). 


Percentage Percentage 
Description of parts which failed number o. cost of 

- breakdowns breakdowns 
Stators be aa 27-8 49-9 
Rotors eS Ti se 35°4 38-1 
Startors 21:7 6-1 
Brush gear 6-1 1-3 
Miscellaneous 9-0 4-6 


Percentage Percentage 
Description of parts which failed number of cost of 
breakdowns breakdowns 
Stators ná le yá 68-3 80-9 
Rotors 14°7 © 11-9 
Startors 9-5 2-8 
Shafts 1-2 1-5 
Miscellaneous 6:3 2-9 


It will be noted from the tables that the percentage of 
breakdowns of rotors in the case of the squirrel-cage 
motor is 14-7, as against 35-4 in the case of the slip-ring 
induction motor. This points to the much more robust 
construction of the rotor of the squirrel-cage motor as 
compared with that of the rotor of the slip-ring motor. 
There is very little difference between the cost of repairs 
to startors for the wound rotor and that for the squirrel- 
cage machine, notwithstanding the more complex 
character of the wound-rotor startor. 

Mr. A. M. Strickland; Following on the remarks of 
previous speakers in regard to the question of overload 
and starting torque, I think there is certainly a tendency 
to install motors of much too large a size. This question 
is also bound up with the heat capacity. I think that 
motors ought to be installed under conditions which will 
enable them to be overloaded to some extent. It assists 
the undertaking very considerably and the power factor 
is greatly improved. From the consumer’s point of 
view it seems advisable to overload the motors very 
frequently, and generally speaking they will withstand 
an overload of 50 per cent. This question has some 
connection with the amount of starting current that can 
be taken. 
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THE AUTHOR’S REPLY TO THE DISCUSSIONS AT LONDON, NEWCASTLE AND MANCHESTER. 


Mr. D. B. Hoseason (in reply): Mr. Rogers is prob- 
ably justified in placing reliability before efficiency in 
many cases, but the correct order of reliability, efficiency 
and first cost is entirely a matter of accountancy. There 
are undoubtedly many motors in existence on sub- 
sidiary processes (e.g. a grindstone motor) the failure of 
which would not seriously hinder production and which 
can be replaced within 48 hours either from the stores 
or from a manufacturer’s stock. Both Mr. Carter and 
Mr. Rogers raise the subject of a motor having an in- 
destructible rotor in a destructible stator, and a cursory 
investigation of the breakdowns reported during the last 
20 years has been made. From about the War period 
onwards, failures of squirrel-cage rotors have practically 
disappeared, but there has been no corresponding in- 
crease in failures of stators which would support the 
suggestion made. Possibly the use in startors of mag- 
netic trips instead of fuses has influenced the position. 

In reply to Mr. Bolton, it does not seem probable that 
motor efficiencies will be improved unless the metal- 
lurgists give us copper and iron with greatly improved 
characteristics. It may be desirable, as Mr. Strickland 
points out, to overload motors on their torque charac- 
teristic and thereby improve their power factor, but it 
would be inadvisable to overload them on their tem- 
perature rating. To do so would mean appreciably 
increased operating costs on account of the serious drop 
in efficiency. 

Mr. Robertson’s assertion that I have overstated the 
case against the motor with a wound rotor does not seem 
justified, as the paper deals essentially with the squirrel- 
cage motor and nowhere endeavours to make a case 
against the very useful wound-rotor machine. 

Mr. Wilson and Mr. Poynder support the use of direct 
starting, and I am entirely in agreement with their 
remarks. Unfortunately, there is considerable opposi- 
tion in many parts of the country to this method, and 
the few words of caution at the foot of page 421 are 
intended to show how few are the precautions necessary 
when direct starting is employed, rather than to raise 
any serious objections. The maximum torque of a 
star-delta-started squirrel-cage motor in the star con- 
nection is often less than full-load torque, and when star- 
delta starting is used for a fan the change-over to delta 
frequently occurs at the point of maximum torque, as 
stated by Mr. Poynder. This explains to Mr. Robertson 
why I did not recommend star-delta starting for fans. 
Messrs. Poynder, Whitehorn and Wilson raise several 
points in connection with the use of star- or delta-con- 
nected motors. Up to 75 h.p., low-voltage motors have 
practically the same performance with either star- or 
delta-connected phases. Above this size and up to 
200 h.p. either star- or delta-connected phases may be 
more satisfactory, depending on the individual designs 
and how many conductors per slot are required. There 
is in these cases a slight bias in favour of the star con- 
nection, but not sufficient to necessitate a larger machine. 
Still larger motors are usually for operation on high- 
voltage supplies, and delta connection would certainly 
mean a very much increased size of motor. Provided 


the load is such as to permit the use of star-delta starting, 
and a quick-acting contactor-type change-over switch is 
installed, this method could be applied to any low-voltage 
motor. From time to time tests have been made to 
ascertain whether any harmonic circulating current 
exists in certain delta-connected motors, but we have 
not met any case in practice where this has occurred. 

On the subject of auto-transformer starting, Mr. 
Carter supplies his own answer as to how a motor not 
possessed of full-load torque when switched direct on the 
line can have “ the boon of additional torque conferred 
upon it.” A few sentences earlier he recalls that the 
tappings of an auto-startor can be adjusted to give more 
than 100 per cent of the line voltage. 

In discussing the self-regulating capacity of the induc- 
tion-motor field system it would seem that Mr. Field is 
not distinguishing between the field exciting ampere- 
turns and the field ampere-turns that deal with the 
armature reaction. The latter in the induction motor 
vary automatically with the load, while in the d.c. shunt 
motor without armature-compensating coils they remain 
fixed at the full-load value. 

Dr. Jakeman, in pointing out the sensitivity of the 
clutch shown in Fig. 2, has undoubtedly touched on its 
weakest point. It is, however, a great advance on the 
older types of clutch and does allow the motor to 
accelerate nearer to synchronism, unhindered. Most 
centrifugal clutches are designed to slip at 80 per cent 
overload, hence the curves labelled ‘‘clutch torque 
solid ” in Figs. 1 and 3 give the slipping torques at 
various speeds. The motor used for testing these 
clutches was a 10-h.p. machine with 44 per cent slip on 
full load. Had the motor slip been 2-8 per cent on full 
load, the stable running speed with one clutch weight 
slipping would have been higher and it would have been 
necessary to set the two remaining weights for a still 
higher speed. Theoretically it would still be possible to 
reach the full-load running condition with only 14 times 
full-load current peak, but actually the difficulty of 
setting the two secondary weights makes the clutch too 
sensitive with small motor slips to obtain exactly the 
same current. Mr. Eck asks for further details of the 
clutch. It consists of a driving member keyed to 
the motor shaft, and a driven member running free on the 
shaft. In the body of the clutch are a series of notched 
plates, alternate plates sliding on ribs of the driving and 
driven members in the manner usual for plate clutches. 
Screwed on to the driving portion of the clutch is the 
operating mechanism which consists of three weights 
mounted at 120°, one of which is shown in the section in 
Fig. 2. The shape of these weights is such that in flying 
out radially they exert pressure axially on the clutch 
plates. No trouble has been experienced with the clutch 
from the cause mentioned by Mr. Field, i.e. out-of- 
balance due to the operation of one weight before the 
remainder. This out-of-balance occurs during the 
starting period only and may have passed unnoticed. 

There are two difficulties in the way of employing Mr. 
Poynder’s suggestion to use steel end-rings for squirrel- 
cage rotors. The first is the difficulty of predetermining 
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their exact effect on the performance, and the second is 
the difficulty of jointing copper to iron permanently and 
cheaply. 

Mr. Field raises the subject of Dr. Wall’s composite 
conductors. I am only aware of one motor built with 
these. In this case the conductors were built up from 
copper rod and tubing. I find myself very largely in 
agreement with Mr. Robertson and suggest that he has 
misunderstood the object of certain parts of the paper, 
particularly those in which ‘ various devices for the 
improvement of starting performance are reviewed.” I 
do not consider that there is a wide need for special start- 
ing devices, nor do I advocate the use of double-squirrel- 
cage motors where the single cage will do the work. One 
manufacturer with standard lines of both single- and 
double-squirrel-cage motors puts forward the latter for 
between 10 per cent and 20 per cent of the total drives 
tendered upon, and then only when there is a definite 
advantage to be gained. 

While I am prepared to agree with Mr. Robertson that 
the figure of 80 per cent for the ratio of running-up torque 
to breakaway torque may be too high for the average 
line-shaft type of drive, I still maintain that breakaway 
torques up to 60 per cent of full load are met with in 
practice comparatively frequently. These torques are 
usually obtained after a week-end shut-down when the 
oil has drained off the line-shaft bearings into the oil 
sumps, and in cold weather when the belting stiffens 
while standing idle. If Mr. Robertson really believes 
that it is not necessary to provide for starting torques up 
to 60 per cent of full load, why does he show in Table A 
a list of starting torques nearly as good as those of the 
double-squirrel-cage motor designed to deal with the 
type of drive under consideration ? To be logical he 
should reduce the rotor resistances of these motors and 
thereby improve their full-load efficiencies. 

The data given in Table 8 are from tests on machines, 
the starting torques and currents being taken with the 
motor connected in star. As Mr. Richardson points out, 
the full voltage and delta-connected torques and currents 
would probably be some 10 to 15 per cent greater than 
the theoretical ratio 1 : 3, The stator cores are identical 
in each case, but there is a slight change in the winding, 
as is presumed by Mr. Carr. The test core-losses varied 
slightly, but not more than would be expected from the 
effects of manufacture. Mr. Robertson’s Table A makes 
a useful contribution to the paper, as it is possible to 
show therefrom that with a good design of stator the 
gains from the application of the double-squirrel-cage 
rotor are considerable. The 25-h.p. 6-pole motor in this 
table corresponds to the motor used in Table 8 in the 
paper as regards starting torque and presumably current, 
efficiency and power factor. We are told that the stator 
losses have been reduced as much as the rotor losses have 
been increased ; hence the full-load rotor loss in this 
motor amounts to roughly 40 per cent of the total full- 
load losses. Now a double-squirrel-cage rotor would 
reduce this rotor loss by 45 per cent and thereby improve 
the motor efficiency by 1-8 per cent, the sacrifice in 
power factor being 4 per cent. On # load—the more 
usual working condition—the gain in efficiency is not so 
great, being 1-3 per cent with a loss in power factor of 
2-5 percent. With the systems of charging for power in 


use in this country, efficiency is worth considerably more 
than power factor. In many cases the charge does not 
depend on power factor, and where it does 1 per cent 
improvement in efficiency would offset about 5 per cent 
loss in power factor. It would seem then that by em- 
ploying lower-resistance single-squirrel-cage rotors with 
the motors covered by Table A for such drives as do not 
require a high starting torque, and double-squirrel-cage 
rotors where the high starting torque is required, very 
much better all-round performances would be obtained. 

It is interesting to find that Mr. Richardson’s experi- 
ence has been similar to mine, in that to obtain more 
than 70 per cent of full-load torque with star-delta start- 
ing from the double-squirrel-cage motor involves a serious 
drop in running performance. 

In reply to Messrs. Whitehorn, Robertson and Carr, no 
trouble has been experienced from cogging or crawling 
with the double-squirrel-cage rotors of the type shown in 
Fig. 7. The distribution of the magnetomotive forces on 
the rotor over that part of the speed/torque curve con- 
cerned corresponds to the number of slots in the starting 
cage only, and this can be any of the well-established 
slottings already known to give satisfactory results. 
Other types of double-squirrel-cage rotors have occa- 
sionally shown a tendency to crawl, but always at the 
slot harmonic. Mr. Meacock raises the subject of noise 
with the type of slotting shown in Fig. 7, and in general 
we have found motors fitted with this rotor to be appre- 
ciably quieter than those with standard single-cage 
rotors, both at starting and when running. In reply to 
Mr. Whitehorn’s inquiry, there is no insulation on the 
windings of double-squirrel-cage rotors, nor has there 
been any trouble with the high-resistance cages burning 
out, as experienced by Mr. Creedy. 

In discussing the application of squirrel-cage motors to 
cranes, Messrs. Teago, Langrish and Robertson refer to 
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Torque, in terms of full-load torque 
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the possibilities for speed control obtained with the 
slip-ring motor, and quite rightly point out that the 
double-squirrel-cage crane motor has not the same char- 
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acteristics. In actual practice, however, the possibilities 
of the slip-ring motor are not fully utilized. Fig. B 
shows a group of speed/torque curves for a slip-ring 
motor and 6-step controller, corresponding to the 
squirrel-cage motor and 5-step controller to which 
Fig. 12 refers. In the first case in Fig. B two of the steps 
are of no real use in the operation of the crane, being 
“ accelerating steps * with no stable points below 60 per 
cent of full speed. This means that the three remaining 
steps have to be so spaced that with the variety of loads 
occurring in practice no real speed control is obtained. 
Dr. Teago’s definition “ torque control ” appears to 
me to be very well fitted to both the squirrel-cage and 
the slip-ring motor equipments as employed in practice. 
Mr. Langrish, in what is a comprehensive discussion of 


the squirrel-cage crane motor, deals very fairly with the - 


facts. 1 feel, however, that the point which is over- 
looked is that the slip-ring motors already in service are 
not being handled as intended, and that many of the 
control-gear problems and mechanical troubles forecast 
for the squirrel-cage equipment should have already 
developed on the slip-ring equipment, if at all. The 
paper shows that slip-ring motor control-gear is already 
sustaining very heavy current peaks. 

The double-squirrel-cage motor is proving very satis- 
factory on lift service, and Mr. Meacock raises an inter- 
esting subject in the problem of retardation. Satisfac- 
tory operation when retarding calls for a smooth 
braking-torque curve with ample torque to avoid run- 
away. In the single-squirrel-cage motor this requires a 
high rotor resistance. The value of the rotor resistance, 
however, is limited by the maximum permissible slip on 
full load, and it is frequently not possible to meet all the 
requirements of the drive. The characteristics of the 
double-squirrel-cage motor, however, enable a shape of 
speed/torque curve to be employed which gives a 
smoother braking torque than is obtained from the 
single-squirrel-cage rotor, principally because the full- 
load slip is not affected by the characteristics of the outer 
cage which is used for braking purposes. 

Mr. Field raises the subject of the wound-rotor machine 
with internal resistances cut out by centrifugal switches. 
Although no actual costs are available, it would seem 
probable that the cost of the motor would be about equal 
to, or slightly greater than, that of the corresponding 
machine with slip-rings, while the startor will cost the 
same as that for the direct-started squirrel-cage motor. 
This gives a figure, on the same basis as Table 6, of 85 per 
cent of that of the d.c. shunt motor. This motor has the 
advantage that its starting operation is very simple and 
entirely automatic. Its disadvantages are (1) that it is 
extremely difficult to design and produce a centrifugal 
switch that is really effective and dependable, (2) that 
the heat capacity of the starting resistances is necessarily 
small on account of the space available, and (3) that 
the number of starting steps is very limited and hence 
the current peaks are large. It does not seem that this 
motor in its present form has any appreciable advantages 
to offer over the squirrel-cage motor. 

Messrs. Field and Carr raise several points in connec- 
tion with the calculation of the performance of double- 
squirrel-cage motors. In Fig. 4 the value of 2, is based 
on the leakage flux of the outer slot body and tip, to- 


gether with half the total zigzag leakage and the end-ring 
leakage flux. The value of xg is based on the leakage 
flux of the inner slot body, the neck between the slots 
and the end-ring leakage. In Fig. 7 the leakage flux of 
each slot is calculated for the slot body and the whole of 
the neck, opening the slot to the air-gap in each case. 
The zigzag leakage flux is more difficult to"assess, and a 
rough method which seeins to give fairly accurate results 
is to estimate the total zigzag leakage, ignoring the 
presence of the inner cage. The reactance of the outer 
cage is based on half this figure, together with the appro- 
priate slot leakage and end-ring leakage. The reactance 
of the inner cage is also based on the same figure for the 
zigzag leakage as the outer cage, together with its slot 
leakage and end-ring leakage. The stator zigzag leakage 
is affected by the presence of the slot opening of the 
inner cage, and as an approximation it is assumed that 
the stator zigzag leakage is halved by the presence of this 
slot opening. The equivalent circuits in Fig. 4 are, as 
Mr. Carr assumes, r, + jzg shunted across r but, in 
Fig. 7, rg + jx3 shunted across fa + j% . An alternative 
method of considering the arrangement in the case of 
Fig. 4 is to take r, + jx, inductively coupled to rg + jag 
by the mutual flux, in which case we have :— 


Total impedance e.m.f. in the outer cage, E, is 
Lo Yo + (Ia + Lg) 8%» «© «© | (i) 
and total impedance e.m.f. in the inner cage, which also 
equals E,, is 
Is(rg + jsx) + J(La + Ig) 8ta. . . (ï) 
Since both these e.m.f.'s equal E,, we have 
Loa + JLo + 13)8%_ = Ig(r3 + Js%3) + JLo + 13)8%o 
Lyra = Ig (rg + 98%) 
Loro 
rg + J8%3 


Substitute in equation (i) Iş in terms of J,. We have 
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The terms in the brackets give the impedance expres- 
sions for the outer and inner cages and in this form, after 
substitution of the actual figures and conversion to 
admittances, can be added to find the admittance of the 
equivalent single-circuit rotor, from which stage it is 
comparatively simple to determine the performance of 
the machine. The interesting feature about this method 
is that it indicates the exact effect in terms of ra, Tg, Xa 
and ag of the mutual leakage flux. Thus, in the outer 
cage ra is increased by (s%ryr,%)/(r2 +8%%?). Simi- 
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larly the value of x, is increased by (rgrg%,)/(r2 +8722). 
Also in the inner cage rg is diminished by s%r,%yfro, 
while xg is increased by x, + (283/79). The importance 
of being able to forecast the effect of the mutual leakage 
flux makes the expressions given above most useful in 
any extensive investigation on the type of rotor with 
“ dumb-bell ” slots. 

Mr. Rogers thinks that the term “ starting current ” 
means “initial current ” when used by supply engineers. 
Surely, however, the supply engineer means maximum 
current, as it is this upon that his maximum voltage-drop 
depends. 

Mr. Maclean has corrected an oversight in the section 
oí the paper dealing with line voltage-drop in which the 
transformer reactance was overlooked. The point it was 
intended to make, however, still stands, i.e. that from 
the supply engineers’ point of view the low power factor 
at starting is not a disadvantage. 

I quite agree with Dr. Jakeman that if the power 
factor were improved less current would be taken. This, 
however, would merely enable a consumer to use squirrel- 
cage motors of larger size for a given limit on starting 
current. There is an impression among mains engineers 
that 30 amperes at 0-25 power factor is more objection- 
able than 30 amperes at 0-80 power factor in its effect 
on line voltage-drop, and it is this matter which Sec- 
tion 6 of the paper endeavours to clear up. 

Almost all the speakers who dealt with the subject of 
supply undertakings’ regulations considered the rule 
suggested in the paper to be too safe. I am generally in 
agreement with them, but the suggested rule allows con- 
siderably more latitude than do many of the existing 
regulations. It would be undesirable at this stage so 
far to remove the restrictions on squirrel-cage motors as 
to give rise to even isolated cases of trouble. Messrs. 
Breeze and Meacock raise the case of the one-motor 
installation, and I agree with them that there should be 
a maximum of, say, 3 h.p. with, say, 3 times full-load 
starting current, which would be permitted independently 
of the expression based on the size of the installation. 
Messrs. Poynder and Carter are quite correct in stating 
that the weakness in the suggested regulation is that it 
takes no account of the overlapping of starting-up 
periods for different motors. Quite the most lengthy 
investigation in connection with the paper was on this 
subject and it is very fully dealt with on pages 422 and 
423. It is the maximum voltage-drop that matters on 


power feeders, as this determines whether other appara- 
tus will fall out of step. Star-delta and auto-transformer 
startors do not in every case give large current peaks, as 
with pumps and fans, and, even though they may do 
so in certain instances, the time during which the heavy 
current is drawn is very much less than with direct 
starting. This materially reduces the liability to over- 
lapping of the starting periods of various motors. Mr. 
Robertson comments on the suggested regulation, and 
points out that it favours low-power-factor and low- 
efficiency motors. Thisis so, but the regulation is being 
imposed by the supply engineer, who has already quite 
enough to attend to without going into details of a cus- 
tomer’s apparatus except in so far as it affects his supply 
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Fic. C.—Squirrel-cage motors sold in 1926, as a percentage 
of the total (all continuously rated). 


system. It is the voltage-drop that limits the current 
drawn, and this voltage-drop is dependent on the size of 
the cable, which is itself fixed by the maximum demand 
or the normal load of a consumer. The supply engineer 
can very well leave the consumer, his power factor and 
efficiency, in the hands of the competing motor salesmen. 

Supply engineers have noticeably abstained from 
entering into the discussion on the subject of supply 
undertakings’ regulations, and it has been suggested that 
the existing regulations do not seriously restrict the 
installation of squirrel-cage motors. Fig. C gives the 
percentage of squirrel-cage motors to the total number 
of motors sold in 1926, and shows that, although 95 pex 
cent of the 5-h.p. motors were of the squirrel-cage type, 
only 48 per cent of the 30-h.p. motors were of this type. 
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INTEGRATING ELECTRICITY METERS.* 


By E. FAWssETT, Member. 


There has not been in the last few years any major 
invention of outstanding originality which can be said to 
have altered the general trend of metering practice, 
comparable, for instance, with the introduction of the 
induction watt-hour meter many years ago. This 
review must therefore, perforce, be content to record 
progress in details and new applications brought about 
by the recent rapid developments in the transmission, 
interchange and use of electric power. 


D.C. ENERGY METERS. 


The accurate measurement of direct-current energy is 
still a very difficult problem, and the performance of 
modern meters leaves much to be desired on the score of 
accuracy, reliability, and cost of maintenance. Energy 
meters for large currents have either a serious tempera- 
ture coefficient (still nearly half that of copper) or are so 
sensitive to change of voltage as to fail to justify their 
being called watt-hour meters. If, however, manufac- 
turers would make use of new alloys now available, this 
latter defect should be minimized and then the mercury 
watt-hour meter would show up reasonably well on both 
the above points, and we may look for progress in this 
direction very soon, though as the demand is small the 
makers are not greatly encouraged to experiment. The 
cost of maintenance in both clock and mercury types is 
unduly high, specially skilled labour being required in 
both cases, with inspection and test at very frequent 
intervals. Some progress is, however, visible ; improve- 
ments making for greater constancy of pressure-circuit 
resistance have been effected in the clock meter, and an 
ingenious thermo-couple device applied to one make of 
the mercury type sensibly improves its low-load accuracy. 
Nevertheless, maintained high accuracy of measurement 
is still difficult, meters are too delicate or complicated, 
and examination necessary for satisfactory maintenance 
is much too frequent and expensive. 


D.C. AMPERE-HOUR METERS. 


Among direct-current coulomb meters (with dials 
geared to read in kilowatt-hours at the rated voltage) 
some new-comers must be mentioned. The remarkable 
magnetic properties of cobalt steel have made possible a 
design employing a flat bar magnet surrounded by a 
shallow bell armature, while developments in the art of 
moulding have enabled a very ingenious bath unit to be 
designed capable of instant detachinent from the magnet. 
These designs do not require series compensation, have a 
very good load curve and are reversible. A new design 
of meter, however, especially the mercury type, has to 
stand the test of several years’ service, and neither of the 
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above would appear to have yet won its spurs so far as 
to supersede the older well-known types. 

Considering the nuisance which mercury meters are, 
their considerable cost of maintenance and their rela- 
tively poor average accuracy over several years’ use, it is 
an indictment of other types that the mercury type is 
almost exclusively used in this country. 

There have been some improvements in the commu- 
tator meter, but, when employing cobalt steel for the 
magnet, the opportunity was not taken to minimize the 
very serious changes in armature-circuit resistance that 
usually take place owing to commutator deterioration 
due partly to atmospheric influences, so that the per- 
formance over a term of years of this type of meter is 
still vastly inferior—in the English climate at least—to 
that of a good mercury meter. 


SINGLE-PHASE INDUCTION METERS. 


There have been no really outstanding innovations 
among single-phase induction meters, but competition 


-and the growing demand have brought about many 


detail improvements. Accessibility has been carefully 
studied, and a good design now provides for removal of 
the rotor without disturbing the magnet (i.e. without 
upsetting the calibration), automatic accurate position- 
ing of the counter in gear, and all ordinary adjustments 
to be made with a screwdriver. Some attempt has been 
made to reduce the shunt loss, and also the compensation 
required for correct registration on all power factors ; 
and in this direction English makers are well ahead of 
Continental practice. In fact, some foreign makers 
consider the performance required by the new British 
Standard Specification to be unattainable. Design and 
performance of the main lower bearing have not advanced 
to anything like the same extent as other mechanical 
details, while the electrical and magnetic characteristics 
of the majority of makes now leave little to be desired. 
If it were not for the uncertainty attaching to the 
behaviour of the jewel and pivot, it would be quite safe 
to leave certain modern single-phase meters on a con- 
sumer’s premises over 10 years and to expect to find 
them within legal limits on their return ; but the ordinary 
sapphire, whether natural or synthetic, seems to be 
decidedly unreliable. Research which may be expected 
to bear fruit is in progress on pivots and jewels ; mean- 
while, there are in this country signs of the adoption of a 
new type consisting of a steel ball between two jewels— 
one in the rotor, the other in the footstep—and this type 
may prove much more reliable. Of course, some Conti- 
nental makers have for some time employed inverted 
and oil-bath bearings. Several supply authorities have 
tried, with curiously mixed results, diamond jewels for 
the larger meters, diamonds from the same source giving 
satisfaction in one area but far from it in another. 
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Certainly they could not be recommended as a solution 
for the small consumer’s meter. Acute difference of 
opinion also exists as to whether the bearing should be 
lubricated or not. When all is said, however, it must be 
conceded that the induction meter as available to-day at 
a reasonable price is a remarkably accurate and reliable 
piece of apparatus, will cost very little to maintain, and 
should have a life of at least 20 years. Performance is 
so good that there would seem to be no likelihood of 
present-day designs becoming obsolete, except in the 
matter of the footstep bearing. Great progress has been 
made during the last few years in improving the “‘ curve ” 
which used to droop considerably before full load was 
reached; now it is possible to obtain no more than 
1 per cent divergence from a straight line between one- 
tenth and 1} times rated full load, and the considerable 
“hump” at about one-quarter load is a thing of the 
past. 


POLYPHASE INDUCTION METERS. 


Polyphase meters have, of course, shared in these 
improvements, but have certain troubles of their own 
which have not, in general, been so successfully over- 
come. For example :— 


(1) The main bearing gives decidedly more trouble 
than in single-phase meters, and neither theory 
nor practice nor research has yet shown the 
precise cause. 

(2) Opinions differ as to the best torque/weight ratio, 
the safe minimum full-load torque, the best 
shape of pivot, and so on. Vibration has a very 
marked effect in certain designs and is respon- 
sible for most of the jewel failures. Manufac- 
turers are alive to this, and improvements may 
confidently be expected in the near future. 


Good performance on low power factors is essential, 
and, while this is easily attainable at one temperature, 
most commercial types have a serious and rather unsus- 
pected error at other temperatures, especially in meters 
operating on the lower frequencies. On 50 cycles and 
above, a well-designed meter having shunt coils of low 
resistance requiring small compensation behaves quite 
reasonably well over a moderate temperature range, 
especially on lagging, rather than leading, power factors. 
Further refinements have been effected in this direction 
where expense is a secondary consideration, as in the 
case Of meters for use on turbine trials and as sub- 
standards. These ideas date back some considerable 
time and would not be referred to but that the Americans 
appear to have re-discovered them in 1927. 

If a polyphase meter is to give on circuit the same 
performance as on test it is at present necessary to con- 
nect up the elements in the same phases, or with the 
same phase-rotation, and in the same sense as was 
employed on test. This again is a somewhat unsus- 
pected source of error and one, moreover, to which some 
of the otherwise good types are particularly liable. Some 
progress has been made im eliminating this trouble of 
interference, and manufacturers in general are more alive 
to the defect, one or two designs now in process of 
development promising well. For 4-wire 3-phase sup- 


plies the 2-element meter (current coils mesh-connected 
to three current transformers, or each overwound with 
two live phases to give the same result) is extensively 
used and is satisfactory, provided the voltage triangle is 
symmetrical. If not, it is inaccurate and has, for that 
reason, been discredited perhaps unduly, as the theoreti- 
cally ¡more accurate 3-element meter often has inter- 
ference errors which make it a worse piece of apparatus 
under favourable conditions of voltage balance. How- 
ever, developments are taking place in this direction and 
it is possible now to obtain a 3-element meter which 
will give really good results under most severe conditions 
of out-of-balance. 


HIGH-TENSION METERING. 


As regards complete high-tension metering, the 
potential transformer with its protecting fuses is the 
weak point of the whole equipment, but lessons that 
have resulted in better design have been learnt from 
burn-outs. It has been commonly maintained that a 
high-tension potential transformer for 11 000 volts and 
above has only a relatively limited life, but this attitude 
would appear to be a pose engendered by the necessity 
of hiding the facts that design has been poor and unsuit- 
able materials have been overstressed. As no substitute 
for this expensive and somewhat unsatisfactory piece of 
apparatus appears possible where true high-tension 
metering is required, it is to be hoped that great efforts 
will be made to improve its reliability and reduce its 
very heavy cost. The technical performance as regards 
ratio and phase-angle characteristics of most modern 
makes is very good, provided care is taken in the case of 
3-phase transformers not seriously to unbalance the 
secondary burdens on the several phases. 

The undesirable characteristics mentioned above have 
led some engineers to seek other and indirect ways of 
arriving at the same result. Where supply is taken on 
the high-tension side of a power transformer, a meter on 
the low-tension side can be calibrated to include the iron 
and copper losses of the transformer, thus saving the 
whole cost of potential transformers and also making use 
of cheaper current transformers with better technical 
characteristics. The meter is arranged to run, when 
voltage only is applied to it and the main transformer is 
therefore alive, at a speed corresponding to the iron 
losses, which must of course be known. This method 
is accurate over a considerable voltage range. The 
copper losses can also be taken care of in the calibration, 
which can be closely correct over a wide range of power 
factor. Developments along these lines may be expected 
as one step in the efforts to cheapen the cost of giving 
small supplies at high voltage. 

Perhaps the greatest recent advance in the whole 
range of meters and their accessories is the enormous 
improvement now possible in current transformers by 
the employment of a copper-nickel-iron alloy for the 
magnetic medium. By this means either vastly better 
performance can be obtained from the usual number of 
ampere-turns, where such is required as in laboratory 
use, or reasonable commercial accuracy can be obtained 
with only about one-quarter of the accepted number. 
This will be of especial benefit in the case of high-tension 
metering and in very many cases will greatly conduce to 
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safety as well as reduced cost by rendering possible bar, 
instead of wound, transformers. 


SUMMATION METERS. 


Devices for summing a large number of individual 
circuits on one master meter have been produced in the 
United States and employ on the counters of the indi- 
vidual meters contacts operating selector relays which 
automatically provide for the case where two impulses 
arrive simultaneously. Another scheme, emanating 
from the Continent, employs on each meter forming part 
of the total scheme contactors connected to pilots leading 
to the summation meter, which is in effect a small motor 
continuously running free and coupled to the registering 
mechanism through the agency of relays energized by 
the above-mentioned contactors so that each impulse 
adds an appropriate amount to the dial reading, and 
ingenious mechanical provision is made to ensure that 
simultaneous impulses are all recorded. A thirdscheme, 
emanating from Lancashire, adds up all the generator 
meters and all the auxiliary meters in a power station 
by transmitted impulses from contacts on their counters. 
It then subtracts the auxiliaries from the generators, 
giving units output on the main dials of the summation 
meter. A Merz-Price demand indicator is operated from 
these, with the special provision that the main pointer 
can travel 10 times round its dial, giving an effective 
scale length of 250 inches by a method at once novel, 
ingenious and accurate. 


DEMAND INDICATORS. 


Maximum-demand indicators have very much im- 
proved in reliability, both design and workmanship 
having had much greater care bestowed on them. Nearly 
all follow the Merz principle of indicating the maximum 
advance in any period of the meter to which they are 
attached, and by common consent this seems to be the 
most satisfactory basis, being perfectly definite and 
easily checked. 

For alternating-current meters, or wherever an a.c. 
supply of constant frequency is available, a recent 
departure is to substitute for the usual clock-resetting 
mechanism a miniature self-starting synchronous motor. 
Besides requiring no winding, this has the great advan- 
tage that any number set to the same time can be relied 
on to keep perfectly in step indefinitely, and it appears to 
be a fact that the integrated average frequency of most 
supply undertakings is remarkably steady, so much so 
that a clock driven from one of these special motors will 
keep within a minute or two of Greenwich time daily. 
As, on standard frequency, these motors run continu- 
ously at 1 000 r.p.m., lubrication of the footstep bearing 
is rather a problem, and time will show whether it is 
adequate. From a rather short experience it would 
seem that this is still in doubt. 

Recording demand indicators have made great strides 
both in this country and abroad. A recent example in 
this country embodies the motor referred to above for 
- providing the whole of the power required to drive the 
paper and reset the mechanism. The general con- 
struction is so arranged that there is no backlash on 
reset and the pen is advanced out of contact with the 
paper so that a very accurate record is obtainable. The 


instrument is a good example of modern British meter 
engineering and, in view of expected developments in 
power supply, should have a good future. A design 
embodying the same basic principles but employing a 
clock for driving the chart, which has rectangular 
co-ordinates, and a motor for resetting the inkless stylo, 
is a good example of Continental practice. This can 
also be adapted to indicate reverse power on the same 
chart. 

Two of these instruments, one measuring true energy 
and the other reactive kVA-hours, giving also over each 
consecutive time interval a paper record of the demand 
in terms of the above two quantities, provide complete 
information on which to base charges for large blocks of 
energy involving demand, units and power factor, such 
as may be expected to be required under the 1926 Act. 


PRINTER METERS. 


Meters printing the reading of the dials on a strip of 
paper at predetermined intervals are not new, but some 
developments have taken place in attempts to remove 
the serious drag of a train of type wheels on a meter at 
the lower loads by electrically advancing the type 
wheels, mounted separately, through a contact on the 
meter train. Besides eliminating the drag, this obviates 
opening the meter case whenever the chart has to be 
examined or removed. The great advantage of the 
printer meter is that the printed readings are self- 
checking against the counter, and therefore more con- 
vincing, but the calculations are a nuisance. 


KVA METERS. 


Several most ingenious recent attempts have been 
made to produce a meter that will integrate kilovolt- 
ampere-hours or indicate kVA demand correctly at any 
power factor. Mention may be made of three widely 
different examples. The first scheme may be called 
trigonometrical, as it does in effect measure the three 
sides of the triangle made up of true energy, reactive 
energy and kVA-hours. Two meter movements, con- 
nected respectively to measure the cosine and sine com- 
ponents, are linked through a sphere which drives the 
kVA integrator. The construction is such that the 
movement of this is proportional to the hypotenuse of 
the energy triangle, and therefore to kVA-hours. The 
second scheme is again based on cosine and sine meters, 
but their integrations are compounded in the following 
ingenious way. The curves of registration per cent of 
both meters with varying power factor are portions of 
sine curves having their maxima at unity and zero power 
factor respectively. These can be combined into a 
single sine curve, the maximum of which can be made 
to occur anywhere between unity and zero by altering 
the proportions of cosine and sine component. In the 
example under notice five sets of gearing are employed, 
provided with free wheels so that the fastest combina- 
tion at any power factor takes the drive; thus the 
advance of the integrator is related only to the tops of 
the five curves above their points of intersection, so 
chosen as to give no more than 2 per cent departure from 
a given speed for any power factor between unity and 
zero. The meter is a typical Continental product in 
conception and construction, but up to date appears to 
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offer one of the best solutions of the problem of providing 
an instrument to give complete and precise information 
without any calculation, notwithstanding the mass of 
delicate and complicated gearing and the difficulty of 
proving to the consumer the kVA demand indicated. It 
would appear necessary, as has been remarked above, to 
have an actual record of what took place in every demand 
period, in order conclusively to prove that a particular 
demand has actually occurred. The third scheme is very 
much simpler, and what it lacks in precision may well be 
set off against the complication of the other schemes. 
Apparatus employing a shaded-pole motor energized 
from the current circuit, including a form which provides 
compensation for a limited variation in voltage, has been 
in use for some years, but a quite recent development 
(for current demand only) is of interest, as it brings the 
cost of the demand apparatus down to one comparable 
with the old hot-bulb type. A shaded-pole motor 
operates two discs, of which one is free and consequently 
rotates at a nearly constant speed over a wide current 
Tange, as driving and braking forces balance, so pro- 
viding a source for timing and resetting; the other disc 
is braked by a permanent magnet and drives the indica- 
tor. The defect of the instrument is that the speed is 
nowhere near proportional to the current, and, while that 
can be taken care of in the scaling for a steady load, on a 
widely fluctuating load it reads more than the arithmetic 
average. The indication is in the nature of a logarithmic 
average, which is abundantly justified in theory but 
unsatisfactory as a basis of argument with the con- 
sumer, The load curve has, however, to be very peaky 
indeed for any serious divergence from the arithmetic 
average, so much so as to be most unlikely to occur at 
the time of maximum demand unless the interval is very 
long. A great future should be in store for this instru- 
ment, in view of its reasonable price, especially on short 
time intervals not exceeding 30 minutes, as it requires 
no clock and no voltage connection and its characteristics 
will no doubt be improved. 


SPECIAL APPARATUS. 


Another recent adaptation of the demand-indicator 
principle is a ‘‘ minimum average-power-factor indica- 
tor ” in which the usual demand-indicator mechanism is 
driven by a sine meter and the resetting is controlled on 
the same circuit by an energy meter entirely indepen- 
dently of time. The advance of the sine meter for a 
given advance of the energy meter (corresponding to the 
resetting period) is of course a measure of the average 
power factor in that interval, and the demand-indicator 
. scale can be marked accordingly, the usual zero point 
corresponding to unity, The largest advance is conse- 
quently minimum average power factor. Even where 
not required for tariff purposes a portable form is most 
useful for periodically obtaining data from installations. 

An entirely new departure intended not to indicate the 
demand but to keep it down and so improve the system 
load factor, consists in employing an ordinary single- 
phase motor-meter element in a domestic lighting circuit 
to control by means of its torque against a spring a 
tilting mercury switch in some other circuit that may be 
switched off as the demand on the first rises. The usual 
application of this is to a water-heating circuit, which 
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can thus be cut out at times of peak load on the fest of 
the installation. This is better, and should be cheaper 
in first cost and maintenance, than a time switch, as it 
automatically attends to each consumer’s individual 
peak as it occurs. 


TIME SWITCHES. 


As time switches are largely used in connection with 
metering apparatus for 2-rate and demand tariffs, they 
may perhaps be properly included in this review. For 
some time now Continental makers have provided clocks. 
with an electric winding motor and the automatic arrange- 
ment for keeping in step with the times of sunrise and 
sunset known as “ solar ” or “ astronomic ” dial. While 
this latter is not much used directly on meter equipments, 
it is largely employed on street lighting, in which the 
time switch in effect forms the meter. It is of interest to 
note that this solar-dial idea originated in this country, 
was introduced before the time was ripe for its apprecia- 
tion, many years later was hailed as a new idea when 
imported from the Continent, and now at this moment 
is being re-introduced in a greatly improved form by a 
British manufacturer in conjunction with an extremely 
good design of electrically wound clock employing an 
oscillator (available on a.c. or d.c. circuits) and roller 
free-wheel. This is a typical high-class British product 
and should have a great future. 


SLOT METERS. 


The requirements of various areas—industrial and 
middle-class—are widely different, and the psychology 
of the consumer has not been sufficiently studied in the 
past. Thus in certain areas it is impossible to obtain a 
reasonable revenue from slot meters employing ls. coins, 
for the simple reason that no shillings are available for 
such a purpose after Monday in each week. Alterna- 
tively, certain other areas would be deeply offended at 
being asked to take penny meters. The cost of collec- 
tion and of maintenance in general is more on the penny 
meter, but undoubtedly in many cases the revenue is 
greater, so that considerable judgment is required to 
decide which coin shall be employed. The general 
practice of charging so much extra per unit where hired 
wiring installations are paid for through the meter also 
acts “ in restraint of trade,” but no completely satisfac- 
tory alternative is yet available in this country, as at 
present the consumer is faced with having to find a 
relatively large sum before he can get -light, either after 
the collector’s visit or after absence from home, and 
while these features can be well justified they are apt to 
produce a bad impression. What is wanted, and wanted 
badly, is a meter that divides each shilling placed in it 
into ‘‘ fixed ” and “ unit ” proportions according to the 
demand at the moment. When the shilling is used up 
the meter cuts the consumer off, but does not necessarily 
run up a bill against him. Such an instrument is easy 
enough to construct and ought to have been on the 
market at a reasonable price long ago. “ Fixed-charge 
collectors ” are on the market, but they seriously 
increase the cost of the “ service apparatus,” seeing that 
they deal only with part of the account, and the cost of 
service apparatus is already too great. Great improve- 
ment in reliability has been attained in the ordinary 
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flat-rate slot meter, in which British manufacturers are 
pre-eminent, The well-known, excellent, old-established 
type has recently been supplemented by new-comers of 
greater simplicity and less bulk, well tried out by now in 
the only real testing ground—the working-class con- 
sumer—each with its own distinctive feature, particularly 
in the switch mechanism. One form employs an enclosed 
mercury switch, another a contactor pattern, and this 
latter is also proof against tripping due to vibration. 
Some divergence in practice exists between the 
accountant and meter departments of supply under- 
takings as to whether the meter department should be 
able to have access to the coin box if the meter cover has 
to be removed on site. Some accountants absolutely 
forbid it, so that repairs cannot be attempted in certain 
patterns of meter until after the cashiers have cleared 
the till. The ideal would appear to be for the meter 
cover to contain within itself as a separately sealed and 
inaccessible entity the coin-actuating mechanism and 
till complete. Then the meter department can go about 
their business as they please without a possible shred of 
suspicion, and the cashiers have separate access to their 
part, leaving the meter proper in a dust-proof enclosure. 
This is almost attained by one type, were it not that two 
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small screws are easily removable by those “in the 
know.” All the leading types are now reasonably 
proof against the usual devices employed by dishonest 
consumers. 

Mention should also be made of a special form of pre- 
payment meter adapted to hotel bedroom radiators, the 
occupant putting in shillings as required, any surplus — 
prepaid going to the hotel-keeper (and not to the next 
tenant) who resets the meter with a special key on the 
departure of the guest. It is contended that these 
surpluses soon pay for the meter and leave the hotel- 
keeper with a handsome profit. 


CONCLUSION, 


To summarize, it may be said that the d.c. meter is 
still capable of improvement or simplification ; the a.c. 
single-phase meter is nearly perfect; the polyphase 
still suffers from interference troubles;  “ straight ”’ 
demand indicators show much greater reliability; kVA 
and allied meters are, in general, complicated and 
expensive; the ordinary flat-rate slot meter is rapidly 
approaching a very high degree of reliability; and a 
big field is open for a satisfactory and cheap 2-part 
tariff prepayment meter. | 


ON 


“ELECTRICAL EQUIPMENT OF TRACK ON THE UNDERGROUND RAILWAYS 
OF LONDON.” * 


WESTERN CENTRE, AT BRISTOL, 14TH NOVEMBER, 1927. 


Mr. S. B. Haslam: The rise in pressure mentioned 
on page 391 (vol. 65) seems to me to be exceedingly 
high, and the fact that protective devices do not appear 
to prevent this excessive rise seems to point to some 
unusual influence. The properties of the steel rails 
used will of course have a distinct bearing on the results, 
and I am wondering whether the section of the rail 
influences matters at all. Are the pressure-rises in 
question the same with the rectangular section as with 
the flat-bottom section? Though pure iron rails are 
advisable from a conductivity point of view, it is neces- 
sary at certain points to use material of a harder 
nature and, therefore, of higher resistance. This 
seems to indicate that under certain conditions the 
losses will call for special attention and possibly the 
use of booster cables. Are these used at all? I was 
surprised to hear that the flat-bottom section was 
generally considered to be the most satisfactory. I 
should have expected the rectangular section to be 
preferred in spite of the difficulties of rolling, which 
surely could have been overcome in quantity produc- 
tion. In connection with the rails one point is of very 
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reason for this. 


great interest, and that is the question of their wear. 
I note that the loss from the head is very much 
greater in the positive than in the negative rail, and I 
should be glad to know whether there is any special 
The author says that the wear is 
greater in places exposed to the weather. This is 
of course quite understandable, but does the difference 
between the wear of the positive and negative rails 
increase proportionately ? Heavy currents increase 
the amount of wear, and presumably this increased 
wear is proportional on the two rails. The price for 
painting the rails seems very high at £67 per mile; 
it would certainly be cheaper to let them corrode. 
Are the rails painted before they are first laid down’? 
The percentage of insulator breakages seems to me to 
be very high. Do the records show that the breakage 
is greater where the rails are anchored ? The clean break, 
which seems to be nearly always in the same place, i.e. 
right across, appears to point more to electrical failures 
than to mechanical ones. In the latter case, one would 
expect to see more of a crushing result or a splintering 
of the top shed, due to vibration. The action of an 
electrical burn due to short-circuiting is very similar to 
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that of an electric weld. In the latter case where burning 
takes place the resultant fracture is nearly always at 
the outside of the weld, but in the lantern slides shown 
the fracture is always in the centre, where one would 
have expected the high temperature to have had a sort 
of annealing effect preventing the fracture at that spot. 

Mr.G. J. Evans: I was very interested in the method 
of testing the conductivity of the bonding of rail joints. 
I have had occasion to use on tramway tracks one 
well-known method employing a centre-zero voltmeter 
to compare the relative drop of potential, due to the 
working current, across a rail joint and along an equal 
length of solid rail. On a tramway system where the 
trafic is not heavy this is not satisfactory, because 
the indication given by the voltmeter depends on the 
current in the rail at the moment. No reading, or a 
low reading, which would imply a sound bond, might 
be due to the rail current having a small value at the 
time. A more definite result was obtained by passing 
a fairly heavy current from a battery through each 
joint and noting the voltage-drop across the joint. 
The battery of an electrically driven tower wagon, 
a resistance, an ammeter, a contact block for application 
to the rails, a low-reading voltmeter and a pair of contact 
spears were used. The tests gave quite good results, 
and much less time was occupied. To determine the 
total resistance of the track on a whole route, current 
was passed from the generating station along the trolley 
wire to the rail at the distant point, returning via the 
track rails, the positive feeder and distributors being 
connected through as a voltmeter lead. This could 
be done, of course, only when traffic was suspended, 
and the tests of individual joints also were preferably 
made when the system was not working. With reference 
to the live rail creeping, would it not be possible to 
arrange the rail supports to maintain lateral alignment, 


-while allowing a limited amount of longitudinal move- 


ment, any tendency to creep being automatically 
counteracted by suitable springs attached in a some- 
what similar way to the anchors described by the 
author ? There could be no cumulative creep, as the 
rail would be free to return to the normal position under 
the pull of the spring. 

Mr. C. G. Morley New: As one who has had some 
experience of supplies for tramway purposes, I am 
interested to note that after experience with an insulated- 
return system it is improbable that it will be adopted 
for the future except for extensions to. existing lines. 
I have known trouble due to electrolysis where, in 


addition to ensuring continuity on the lead sheath, 
cross bonding took place at section pillars and connec- 
tions were made to the rails. Breakdowns occurred on 
pilot cables and then on distributors. It was decided to 
remove all earth connections at section pillars, and 
although this was done many years ago no further 
trouble has been experienced. 

Mr. A. R. Cooper (in reply): I would inform Mr. 
Haslam that we do not use any “ booster” cables. 
With an insulated return or even with an earth return 
in a tunnel with metallic lining the avoidance of voltage- 
drop in the return circuit is not of sufficient importance 
to justify the use of a booster. The reasons for the 
peculiarities in the wear of the conductor rails are 
somewhat obscure and I do not think I can at present 
usefully add anything to what is contained in the paper. 
The positive noticeably wears more quickly than the 
negative, this being the case not only on the outside 
sections but also in the tunnels: the increased wear on 
the outside sections, however, is not proportionate. In 
general, painting the rails before they are installed is 
not of much value; the rails as they come from the 
rolling mill have a scale on them which gives quite a 
considerable protection during the early period of their 
life, and painting could not be justified unless it is 
intended to keep the rails painted at regular intervals 
throughout their life. The life of insulators has been 
considerably increased of recent years by careful atten- 
tion to material and design and at present no special 
cause of breakage seems to be indicated, apart from the 
inherent weakness of such materials as porcelain or 
stoneware. 

I was interested to hear Mr. Evans’s remarks on the 
testing of bonded joints on tramways. On railway 
tracks there is less difficulty, as the bonds are fully in 
view and are not subject to corrosion due to being buried 
in the ground. I think it can be said that our present 
methods of test are quite successful from both the 
economic and electrical points of view. The use of 
“ spring *? anchors would not, I believe, prove of any 
benefit, as 1 am inclined to think that the spring would 
be unable to pull back the rail after it had crept. 
Although the rails have to be carefully watched for 
creeping during the first few months a line is opened, 
when matters have settled down the use of a compara- 
tively small number of anchors is sufficient to prevent 
trouble due to pull on the jumper cables or to the ends 
of the conductor rail moving on to the running rail at 
crossings. 
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“ ILLUMINATING ENGINEERING.” * 
WESTERN CENTRE, AT SWANSEA, 12TH DECEMBER, 1927. 
Mr. J. W. Burr: The paper has demonstrated the | brightness on it in any required direction? Some 


necessity for at least one engineer on the staff of elec- 
tricity supply undertakings having a good knowledge 
of illuminating engineering. I think it is safe to say 
that the majority of houses and buildings in most 
supply areas are badly lighted. I suggest, therefore, 
that all supply undertakings should have a depart- 
ment capable of preparing specifications for prospective 
consumers and advising them generally upon the matter 
of illumination. This should be done free of charge to 
the consumer. At the present time many consumers 
are left entirely in the hands of the wiring contractor, 
who may or may not have a knowledge of illuminating 
engineering. As the author points out, the lighting 
must not only be adequate but also be suitable, and he 
rightly says that too often in the past there has been 
a tendency to concentrate on adequacy without sufficient 
attention to suitability. This point is clearly demon- 
strated to us when weenter many buildings to-day ; 
even many of our public buildings are very poorly 
lighted. Tradesmen are beginning to realize the 
necessity of having their windows lighted on scientific 
principles. The questions of colour harmony, colour 
contrast, light intensity, etc., must be considered if 
it is desired to make an effective display in the shop 
window. Good lighting is absolutely essential in the 
factory, as it not only gives increased comfort but 
results in increased productivity. The intensity of the 
illumination and whether it should be localized or general 
are points for consideration in each particular case. 
I agree with the author that street lighting is a difficult 
problem. It is necessary to study not only the accurate 
placing of the lamps but also the surface of the roadway 
to be illuminated. Not only must the light be sufficient 
but 1t must be directed in the proper way. Street 
lighting should illuminate the road as well as the objects 
on the road. Brilliantly lighted roads should not be 
connected to badly lighted roads. There is a danger 
in coming from a brilliantly lighted road to a poorly 
lighted road, as the eye is affected more by contrast 
than by actual illumination. Again, it is somewhat 
difficult to distinguish an object from the shadow which 
the light casts. 

Mr. R. G. Isaacs: I think that the confusion exist- 
ing between the terms “'illumination ” and “ bright- 
ness ” is largely due to the fact that while we talk of 
illumination we actually measure brightness. The 
- distinction to me is that of output and input. Since 
it is the output we want, would it not be more simple 
to record brightness instead of illumination? For 
example, in connection with street lighting the author 
points out that it is generally necessary first to measure 
the normal illumination and then to calculate the 
horizontal illumination. Would there be an objection 
to having a standard surface and then to measure the 
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years ago when using photometers I found difficulty 
in getting consistent results when calibrating the work- 
ing standard from a sub-standard, owing to the difference 
in the colour of the lights. I believe that modern 
sub-standards can be obtained with a much brighter 
light than was then possible, but gas-filled lamps are 
still not considered suitable, so that considerable dif- 
ference of brightness will often have to be contended 
with. In these cases does the author prefer the usual 
contrast-head type or are better results obtained with 
the flicker type? Considerable progress appears to 
have been made on the question of glare, but even in 
the best installations reflected glare is often very bad. 
In one case for which I was responsible I replaced the 
10-in. globes by 14-in. globes, thus reducing the bright- 
ness of the enclosing glassware from 2% candles per 
square inch to half that amount. This practically 
cured the trouble, but at the expense of using globes 
that appear to be out of all proportion to the size of 
the room. Can the author indicate how this problem 
of reflected glare is being tackled? To me it is the 
great irritant of modern lighting. 

Prof. F. Bacon: I should be interested to know 
how the experts regard the problem of entering a town 
from a perfectly dark countryside. The streets start 
by being very feebly lighted and in the centre of the 
town we get bright illumination. For instance, how 
should a motorist deal with the lights he carries with 
him? Regent Street, for instance, would be so 
brilliantly lighted that the vehicles themselves should 
carry no lights. Can we look forward to the time when 
the street surface will be flood-lighted from the buildings 
on either side? Surely, if economical considerations 
do not rule this method out, it should be possible to 
get almost perfect lighting. 

Mr. H. O. Davies: Until we can educate the con- 
sumers—and educate them at considerable length— 
we cannot make much progress with the ideal systems. 
I am particularly interested in street lighting, and in 
Swansea, although we supply the lighting, we had not 
the last word. The illuminating engineer’s difficulty is 
to convince the people with whom he has to deal. 
Unless we have unlimited means for propaganda work, 
and unless possibly, we can subsidize the consumer, 
I think we shall be unable to make much progress. 

Sir Arthur Whitten Brown: I should like to 
challenge the author’s statement that the eye should be 
the final judge. It is not the eye but the pocket, and 
in that I should like to support Mr. Davies. Those 
present appreciate the need for better lighting and the 
value of the paper, but they are not in a position to 
bring that better lighting into force. I submit that 
some of the present-day lighting methods have grown 
out of the old-fashioned methods. We have been 
accustomed for ages to put a single light in a room, 
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and with the advent of electricity the most that was 
done was to increase the brightness at that point, 
thus producing the evils of glare and its accompanying 
eye fatigue. It appears to me that every effort should 
be made to educate people to install a large number 
of low-intensity points. Instead of one light in a room 
there should be, say five or six. As regards daylight 
lamps, I fully agree with the author that in some places 
they are absolutely unsuitable. For instance, I have 
never seen it explained why a motorist should sacrifice 
30 per cent of his illuminant in order to make his light 
white. For art galleries and drawing-office work use 
daylight lamps by all means, but other locations call 
for the exercise of intelligence and judgment. 

Mr. S. B. Haslam: From this paper and the dis- 
cussion thereon it would appear that public and domestic 
lighting are the only problems of illuminating engineering 
of any great importance. I should like to have more 
information regarding the possibilities of using daylight 
lamps in collieries and works. In collieries the picking 
belts offer a very fruitful field for investigation. I 
know of one case in particular where the use of daylight 
lamps gave excellent results, the absence of glare and 
gleam making the work of picking both easier and more 
efficient. I should be glad to hear whether the use 
of daylight lamps for close machine work, lathe work, 
etc., does not tend to better and safer work. 

Mr. C. G. Morley New: Neither supply engineers 
nor contractors have given that credit to the illuminating 
engineer to which he is entitled for the many improve- 
ments and higher standard of efficiency of present-day 
lighting methods. We seem to have drifted gradually 
to these better methods without appreciating that they 
are due to the persistence of the illuminating engineer 
in advocating them. There is a real difficulty in 
introducing improvements to the public, and psychology 
enters very largely into the question. Many people 
do not consider that their shops, rooms, or streets are 
adequately lighted unless they are blinded by the glare 
of naked lamps. The glare or reflection from street 
lamps during wet weather with modern road surfaces 
is a serious menace to vehicular traffic, but I cannot 
say whether this problem comes within the province 
of the illuminating engineer. 

Mr. J. Saycatch (communicated): The work which 
has been done in the field of illuminating engineering 
within the past 30 years is of the utmost value, and is 
appreciated by no one more than the “ so-called” 
practical man who, in the early days of electric lighting, 
was obliged to work as best he might with little or 
nothing to guide him, and it is very interesting to note 
how closely the author’s conclusions agree with my 
own, deduced principally from practical experience. 
In particular I would endorse his views as regards the 
necessity of arranging that illumination should be suitable 
as well as adequate and that the standards given by 
most of the published tables, etc.,—though useful— 
are often, if not generally, far below the mark. The im- 
portance of suitable diffusion, reflection and concentration 
in the right place cannot be too strongly insisted upon. 


One great bar to the progress of illuminating engineer- 
ing on sound scientific principles has always been the 
difficulty of persuading the proprietors of lighting 
installations to allow them to be applied. The fore- 
most idea in most cases is “ economy,” both in first 
cost and in maintenance, and it is common to find, even 
now, places where people have to work in badly-lighted 
surroundings, solely because those responsible seem to 
be unable to understand that it is not economical to 
save a few pence per hour in light at a cost, in workers’ 
wages, which may be reckoned in shillings per minute. 
It is certainly no exaggeration to say that 90 per cent 
of the people work with totally inadequate illumination, 
and there can be little doubt that this is one of the 
principal causes of it. 

Dr. J. W. T. Walsh (in reply): Several speakers 
have referred to the difficulty of getting good lighting 
principles applied by users, generally on account of the 
economic aspect of the matter. That this is one of the 
great obstacles to progress no one will deny, and there 
is only one method of dealing with it, viz. to persist 
in the efforts now being made on all sides to educate 
the public and particularly the large users of light, 
the factory owners and the shopkeepers. Only steady 
persistence will produce the desired result, and all 
illuminating engineers, supply undertakers and the 
manufacturers of lighting equipment must co-operate 
if the campaign for better lighting is to succeed. 

Mr. Isaacs has suggested that brightness should be 
measured instead of illumination. The difficulty is that 
brightness depends not only on illumination but also 
on the reflecting characteristics of the surface illu- 
minated. It is better, therefore, to measure and 
record the value of illumination (although this, of course, 
is done by measuring the brightness of a standardized 
surface) and to calculate the brightness of any given 
surface placed at the point in question by multiplying 
by the reflection factor of that surface. 

Where colour differences in photometry are large, 
the flicker photometer may be used with advantage, 
but for work in the field it is best to avoid the difficulty 
by using a colour filter to reduce the colour difference 
to a manageable amount. The constant of the colour 
filter can then be determined in the laboratory, either 
by means of the flicker photometer or by some other 
method such as spectro-photometry. 

The glare due to bright diffusing-bowls can only be 
avoided by placing them as high as possible. The 
use of a very large bowl for a small candle-power unit 
is certainly objectionable on esthetic grounds. 

-Prof. Bacon has raised the question of the flood- 
lighting of streets. This would certainly be a very 
satisfactory method, though its cost would probably 
be high. It should not, I feel, be considered out of the 
question to light the main streets of towns and cities 
in such a way that no driving lights are required on 
vehicles, This would do much to reduce the difficulties 
due to glare, provided the improvement in the street- 
lighting was coupled with a prohibition of the use of 
driving lights within a specified area. 
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Coopers Hill War Memorial Prize and Medal. 


The triennial award of the above Prize and Medal 
falls this year to the Council of the Institution of Elec- 
trical Engineers, who have selected Pe following nine 


subjects for papers :— 


The Use of Electricity in Public Works. 
Hydro-Electric Power in Rural Districts. 


Electrification of Railways. 
Electricity in Agriculture. 


Electric Railways in the Empire Overseas. 


The Line and Wireless Communications of India. 


Overhead Lines in Rural Districts. 


Extra-High-Voltage Cables (20 kV and upwards). 


Empire Wireless Communications. 


Papers submitted must be specially written for the 
purpose of the competition and must reach the Secretary 
of the Institution not later than the Ist October, 1928. 

The award is limited to Corporate Members who were 
under 30 years of age on the Ist January, 1928. 


The Benevolent Fund. 


The following is a list of the Donations and Annual 
Subscriptions received during the period 26 February- 


25 March, 1928:— 


Abbott, A. J. (London) : 
Abernethy, J. W. R. (Alloa) .. 
Adkins, H. (Coventry).. or 
Alexander, T. R. (Enfield) 
perenne i 
Ashlin, F, J. W. (Weston-super-Mare) 
Aspin, J. (Birmingham) 

Baker, A. C. (Birmingham) .. 
Baldwin, F. G. C. (Wylam-on-T yne) 
Baldwin, S. J. W. (Ahmedabad, i 
Baldwin, W. L. (Glasgow) 

Barrand, P. C. ee 

Basil, D. A. (Calcutta) 

Baty, J. E. (Sidcup) 

Beer, H. G. (London) .. 

Bell, J. (Teddington) .. 

Bennett, J. E. (Coventry) 

Bennett, S. R. (London) 

Bennett, T. C. (Wakefield) 

Benton, L. C. (Manchester) 

Berindei, M. (London) 

Birch, S. H. (Birmingham), 
Birkby, H. (London) . 


Blaber, R. W. S. (Khodaung, “Upper Burma) 


Bolton, B. E. (Larbert, N.B.) 
Bose, S. N. (Jamshedpur, India) 
Bradshaw, W. E. (London) 
Briggs, J. C. (Coventry) 
Bristow, R. E. (London) 
Brookes, A. (Beeston, Notts.) 
Brough, G. H. (Devonport) 
Bruce, G. L. ee 
Brunton, S L. (Hadley) 
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Buckley, S. E. (London) 

Bunn, N. K. (Liverpool) a 
Butcher, P. H. C. (Sutton Coldfield)... 
Butcher, W. M. (London) ae 
Campion, R. H. (Torquay) 

Candler, J. E. (London) 

Carr, L. S. (Birmingham) 

Cash, H. J. (London) . 
Cave-Browne-Cave, N. F. (Birmingham) 
Cawson, W. F. (Waukegan, U.S.A.) . 
Chase-Currier, V. C. (Malacca, S.S.) .. 
Chatterjee, S. K. (Khandwa, India) .. 
Churcher, B. A. G. (Bowdon) 

Clarke, A. E. (Hong-Kong) 

Clarke, A. E. (Sale, Cheshire) 

Clarke, J. W. (Portsmouth) 

Clarke, W. W. (Liverpool) ; 
Clements, V. A. H. (Newcastle-on-Tyne) 
Clewett, W. H. (Cardiff) 

Coates, A. F. (Bristol) .. 

Cocks, M. H. (Dudley) 

Colborn, C. H. (Richmond) 

Corfield, D. N. (London) 

Cox, A. R. (Hong-Kong) 

Coxon, J. (Birmingham) 


Crake, W. St. M. E. (Smackover, Aves U. S. A) 


Cuff, H. M. (Singapore) 
Darling, W. N. (Airdrie) 
Davenport, F. R. (Rugby) 
Dawson, R. L. (Sevenoaks) .. 
de Alwis, D. R. C. (Marawila, Ceylon) 
Déglon, C. R. (Manchester) 
Dennis, T. H. (Singapore) 
Dent, G. B. (Newton Abbot) .. 
Dent, L. B. (London) .. ; 
Dibben, E. (Delhi) ; 
Donaldson, J. M. (London) 
Donner, W. H. (Lansdowne, U.S. A) 
Donovan, E. T. G. (Birmingham) 
Douglas, A coa és 
Downie, C. E. (N ewcastle-on-Tyne) . 
Duncan, W. H. (Manchester) 
Dunn, P. R. (Birmingham) .. 
Egerton, F. P. (Kuala Ro F. M. S) 
Evans, T. R. (Porth) . 
Eyre, P. (Java).. 
Farrant, J. A. P. (Southampton) 
Felipes, L. G. (Gibraltar) 
Fisher, W. (Ulverston) 
Flanagan, P. (Cork) 
Foulds, W. (Blackpool) 
Fraser, W. A. (Belfast) 
Gerrard, F. B. (New York) 
Ginno, S. C. (Birmingham) 
Goddard, H. W. E 
Grove, P. F. (Stafford) 
Guthrie, E. A. (Manchester) . 
Hacking, J. P. (Pittsburgh, U. S. A). 
Hackworth, W. R. (London) . 
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Hammond, E. J. (St. Albans) 
Harrison, W. L. (London) 


Hick, E. A. (Cottesloe Beach, W. Australia) 


Hirshman, C. (Manchester) 
Hodkinson, J. C. (Manchester) 
Howell, A. (West Bromwich) 
Huntley, R. J. (Brussels) 
Hutcheson, A. (Glasgow) 

Jacobi, E. (London) 

Jockel, L. M. (Nottingham) 
Johnson, F. H. (Ipswich) 
Johnson, J. (London) . 

Johnstone, H. T. (Rawal Pindi, India) 
Jordan, F. V. (Gold Coast Colony) 
Khan, L. A. (Sangrur, India) 
Kirkby, N. R. (Namtu, Burma) 
Knighton, C. W. (London) 

Knill, E. P. (Bristol) .. 
Lawrence, C. F. (Wallasey) 
Lawrence, W. (Glasgow) 

Lea, W. H. (Manchester) E 
Lovatt, G. H. V. (Portsmouth) 
MacArthur, N. B. (Dundee) .. 
McLennan, D. (Alloa).. 

Marryat, H. (London) 

Marshall, G. (Singapore) 
Masterman, C. E. (London) 
Mathieson, D. (Singapore) 
Maxwell, P. M. (Dewsbury) 
Mayhew, T. A. (Windsor) 
Medforth, G. T. (Amherst, N.S.) 
Mellor, C. H. (Shanghai) ~ | 
Meneze, J A. (Calcutta) 

Mill, E. S. (Penang) 

Mitchell, G. W. (Hull) 

Modi, A. K. (Navsari, India) . 
Monaghan, T. J. (Dublin) 

AP A. W. (Harrow) en 
Morton, J. S . (Ashton-under-Lyne) Ji 
Moxon, E. (Southport) 

Munro, H. D. (Exeter) 

Murray, J. J. L. (Rushden) 
Murray, R. B. (Sale, Cheshire) 
Neiler, S. G. (Chicago). . 
Nicholson, T. C. (Preston) 
O’Connor, T. P. (Dublin) 
O’Dowd, A. E. (Liverpool) 
Oliver-Bellasis, R. (Shilton) 
Owen, L. (London) 

Parker, W. H. (Bradford) 

Patel, K. B. (Bombay) 
Patterson, W. H. (Newcastle-on-T yne) 
Peattie, J. D. (Manchester) 
Pedrick, S. (Carnoustie) 

Perks, J. N. R. (London) 

Peters, F. M. (London) 

Pittaway, K. (Coventry) 

Pollock, H. (Manchester) 

Pook, A. H. (Simla) : 
Pooles, F. H. (Birmingham) . 
Porter, F. oe 

Rau, K. M. (Bombay) . 
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STORAGE BATTERIES IN RELATION TO MODERN SUPPLY OF 7 
ELECTRIC LIGHTING AND POWER. | : 


By E. C. McKinnon, Member. | | 
(Paper first received 28th June, and in final form 11th November, 1927 ; read before THE INSTITUTION 5th January, before 


the 
March, 1928.) 


TABLE OF CONTENTS. 
Introduction. 


Battery-room design. 
Floors ; foundations ; ventilation. 


Battery design. 
Containers; protective coatings; provision for increas- 
ing capacity; positive plates ; negative plates ; electro- 
lyte; water for electrolyte; anti-spray films; short- 
first-charge batteries ; sealed-in batteries. 


Tests. 


Special applications. 
Traction and power; tropics; frigid zones; sub- 
marines; telephone exchanges; strictly stand-by 
purposes [switch-tripping, auxiliary plant stand-by (at 
Bankside and Ferrybridge)]; artificial load for engine 
tests; cable-testing ; wireless beacons; alternating- 
current automatic plants. 


Special methods of charging. 
Wind motors; ‘‘ roundabout” automatic charging ; 
trickle charging. 


Battery supply and demand. 
The world’s lead deposits ; cost of raw materials ; the 
battery position in various countries. 


The future aspect as regards stationary storage batteries. 
Appendix. 


INTRODUCTION. 


This paper is in many respects complementary to 
that entitled, ‘‘ Large Batteries for Power Purposes,” 
read before the Institution by the author in 1918,* and 
is intended to bring up to date details of battery design, 
development and special applications. 

The opinions of a number of representative battery 
users, of the future of batteries in power and lighting 


stations in this and other countries, are set forth in an | 


appendix, | | 
_BATTERY-Room DESIGN. l 7 
Little modification in housing details during the past 
10 years can be cited, but with the introduction of 


anti-spray films (see page 458) the effects of acid which | 
might otherwise be dispersed from the cells need not be . 


, 


feared. 
As an instance, batteries are installed in some tele- 
phone exchanges without any partition from the rest of 
the plant, gear and apparatus. ( 
- © Journal T.E.E., 1919, vol, 57, p. 493, 


1.E.E. JOURNAL, VoL. 66, No. 377, May 
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Even where anti-spray films are used, it is just as 
important as formerly to pay attention to the position 
of fittings, lights, supports, etc., relative to the rows of 
cells, to obviate the risk of impurities falling into the 
cells. 

It is also still necessary to protect the cell containers 
with some durable anti-acid coating (see page 454). 

Floors.—Cement floors are quite suitable, especially if 
served with tar and swilled down periodically with water. 
In America loose lime is spread over battery-room floors, 
but this seems to have objections. 

No determinate line of: demarcation between the 
foundation for the battery and the battery itself has 
yet been established. The battery maker supplies the 
battery complete with insulators, and if the floor is 
suitable and dead level all goes well. 

Arguments as to liability arise if the floor “ gives ” 
at all, necessitating perhaps the dismantling and 
re-erection of a portion of the battery, and this indicates 
the need for a recognized agreement that foundations 
and seatings form part of the building. 

Whilst fully recognizing the impracticability of 
arranging the carrying out of various sub-contracts in a 
station in the most advantageous sequence, a plea is 
recorded here for recognition of the assembled battery 
as a work of art. After battery mechanics have devoted 
skill and meticulous care to the erection of a battery, 
it is most disheartening to them to find the battery 
being used as a scaffolding, or bespattered with cement 
or whitewash, or laden with mortar and broken bricks, 
all as a result of work in the battery room subsequent 
to the erection of the battery. 

Ventilation.—Ventilation is necessary :— 


€ 


(a) To keep the battery surroundings dry and so 
NN maintain high insulation. 
(b) To regulate the temperature of the room. 
(c) To disperse any gases evolved during charge. 
This is the only problem calling for any 
calculation, 


The gases are oxygen and hydrogen given off in 
explosive proportion, i.e. one-third oxygen and two- 
thirds hydrogen. 

An estimate of the amount of gas given off in daily 
service must. necessarily be very approximate. The 
amount is greatest when a healthy battery. is charged 
far too much, The gas evolved is a direct result of 
electrolysis of the water in the electrolyte. If the 
plates are not absorbing any of the charge, the whole 
of the electrical energy passed into the battery will be 
expended in electrolysis, For every 1000 ampere- 


1928. 30 


e 
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hours per cell so spent the amount of gas evolved will 


be 22 cubic feet, in the proportion of one-third oxygen 
to two-thirds hydrogen. This represents 0-74 Ib. of 
water, a loss quite distinct from that due to normal 
evaporation. 

Doubtless because battery rooms as a. rule are lofty 
and spacious, no serious explosion of a stationary 
battery has yet. been recorded. Such small explosions 
as have occurred have usually been traced to careless- 
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obtain good-shaped uniformly-annealed boxes above 
that point. 

Wood lead-lined containers can be made for the 
largest capacity likely to be ‘called for in a single unit. 
In these huge tanks the walls may be either panelled 
or plain. Both of these designs have proved satisfactory, 
but the flat or smooth walls have advantages which 
make the plain design preferable. Such tanks offer no 
ledges on which acid can settle. They can be wiped 
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Fic. 1.—Post Office method of plate grouping. 


ness, such as smoking in the battery room or acci- 
dentally short-circuiting the battery during a charge. 


BATTERY DESIGN. 


Contatnevs.—There have been no recent changes of 
any importance in design or material. Metal con- 
tainers were abandoned many years ago because of 
‘their cost. 

Glass boxes can be utilized with certainty to hold 
elements: with. a capacity up to 700 ampere-hours in 
10 hours, Larger boxes are obtainable up to, say, 
1000 ampere-hours.in 10 hours, but it is difficult to 


down or swilled, swabbed with oil, or repainted more 
readily. Adjacent tanks, if smooth, can be wedged up 
together more freely than panelled tanks. The wedging 
blocks should be of glass or porcelain, and should never 


‘be secured to the tanks, but should rest on support 


pegs which can easily be knocked off. 
. Protective coatings.—Shellac varnish, at one time 
almost universally used to coat wooden containers, 


has been abandoned on account of its high cost without 
‘a corresponding advantage over other coatings. 


Anti-sulphuric enamel gives a fine finish, but dete- 
riorates if the solvent spirits are liberated. 
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Bituminous paint has the same objection, unless it is 
served from time to time with linseed oil. This is a 
simple and inexpensive method giving quite good 
satisfactory results. 

Clear ‘‘ Duroprene ” solution has recently been pro- 
posed by the Post Office as the coating for all telephone 
battery containers. ‘‘ Duroprene” is essentially chlori- 
nated rubber in a solvent. It does not penetrate the 
wood to the same extent as, say, bituminous paint, but 
it forms on the wood a skin impervious to acid, though 
all the more so if served with a coat of shellac varnish. 

Provision for increase in capacity—A problem in 
designing an installation is to determine the relation 
between the initial and ultimate requirements in storage 
capacity. This can be solved in various ways, of which 
the most usual are :— 

(1) To install a battery large enough for immediate 
requirements and allow floor space for an additional 
battery to be installed when required. Advantages : 
Low first cost; continuity of storage during overhaul 
of one or other of the batteries; possibility of using 
small generator; weight distributed. Disadvantages : 
Increased floor space; additional connections and 
conductors; complication of working batteries in 
parallel. 

(22) To install tanks large enough to hold ultimate 
capacity, fitted with elements sufficient for early 
requirements, the spare space being filled up with dis- 
placement tanks. Advantages: Ultimate economy in 
floor space, tanks and fittings. Disadvantages : Satis- 
factory displacement tanks difficult to design, and 
value only “ scrap ” when plates per'cell are increased. 
Weight concentrated; desirable to rearrange plates 
according to age when increasing battery capacity. 

(2b) Same as (2a) but instead of displacement 
tanks a lead partition is fitted to the box lining. 
Advantages: As in (2a). Disadvantages: Risk of 
damage to linings when cutting away partitions; 
desirable to rearrange plates according to age when 
increasing battery capacity; fittings such as plate 
hangers will probably need to be altered when carrying 
out extensions. 

In addition to the above, the Post Office has developed 
an ingenious method of grouping the plates in small 
units, which, if unorthodox, so far has not brought about 
the complications that might be feared. Fig. 1 illus- 
trates the method, small groups of positives being 
bolted to small groups of negatives in adjacent cells, 
with no interconnecting: of the positive groups in the 
one cell, Provided care is given to the bolted con- 
nections, the Post Office engineers have found no irre- 
gularities between groups in the same cell. As the 
groups are easy to handle they can readily be dismantled, 
rearranged, or added to, if it is intended to increase the 
battery capacity. - 

Positive plates.—Positive plates for stationary bat- 
teries in this country are almost all of the Planté, 
special Planté, or demi-Planté types. All members of 
the Accumulator Makers’ Association make Planté 
positives as one of their chief lines. 

Planté positives can be made of great durability, 
and the whole surface of the metal contributes towards 
the capacity obtainable from the plate. Absence of 


dross in the casting is an essential, this applying par- 
ticularly to the suspension and current-carrying lugs. 
The fact that the frame is subject to erosion at the 
same rate as the body of the plate, has engaged the 
attention of battery designers to good effect. Experi- 
ence has shown them how to avert premature collapse 


from mechanical weakness before the plate is normally 


worn out, 

The Planté positive plate shown in the lantern slide 
demonstrates this point. When withdrawn from heavy 
railway-load regulation, the plate only weighed 50 per 
cent of the original weight, but it will be noticed that 
the various strengthening ribs arranged on a bridge- 
like system had held the plate intact. 

The capacity of the Planté plate is proportional to 
the developed surface area, and also to the depth of 
the formation, i.e. the extent to which the metallic 
lead is converted into lead peroxide. 
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Cross-section C 
Fic. 2.—Cross-sections of Planté positives. 


In designing a Planté positive plate one is faced 
with two problems: the necessary mechanical strength 
to hold the plate together and, on the other hand, the 
undesirability of having heavy masses of lead in juxta- 
position with the comparatively thin lamelles which 
constitute the base for the active material. 

Cross-section A in Fig. 2 shows what would be a 
very coarse, inefficient development, and the casting 
would be difficult to remove from the mould, owing to 
the parallel sides of the ribs. 

Cross-section B is also a very coarse development, 
but the exaggerated slope of the faces would greatly 
simplify withdrawal of the casting. 

Cross-section C illustrates the development of the 
modern Planté positive. The cross-section of each 
lamelle is kept as closely to a rectangle as is practicable. 
The number.of lamelles may be, say, 18 to 20 per inch, 
depending on the thickness of the plate, as the thicker the 
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plate the greater must be the angle of slope, with con- 
sequently a smaller number of lamelles. On the other 
hand, if the lamelles are too close the plate capacity is 
reduced through lack of diffusion of the electrolyte. 
The developed surface area may be 8 to 10 times that 
of the flat face of the plate on both sides. 

The thickness ¢ is reduced to practically nothing, 
but care has to be taken not to jar the teeth of the 
racks when closing the plate mould or they will be 
strained, rendering it impossible to withdraw the casting. 
A feather of lead is usually present, therefore, in the 
centre of the plate. Any appreciable thickness tends to 
promote side growth and buckling. 

The correct thickness of a Planté positive is a matter 
for argument. Pros and cons can be advanced for 
plates either 10 mm or 12 mm thick. It is agreed that 
the latter figure should not be exceeded, as the capacity 
would not increase in direct proportion to the extra 
thickness and weight, and the number of lamelles per 
inch would have to be reduced. Further, it is not 
practicable to extract an extremely thick lead casting 
from a finely-developed plate mould. 

12 mm may be accepted as the maximum thickness 
securing all the benefits of maximum capacity in pro- 
portion to thickness, and maximum mechanical strength 
without unnecessary weight of dead metal. It is the 
maximum thickness in which the lamelles are practically 
rectangular instead of diamond-shaped in cross-section, 
and with which the standard thickness of negative plates 
can be employed without overworking the negatives. 
To this extent the 12-mm plate possesses advantages 
over the 10-mm plate. Also, for a given capacity 
there are less plates to handle in manufacture, packing 
and assembly, and there are fewer separators per cell. 
But there are quite good arguments for a plate 10 mm 
instead of 12 mm thick. 

If the design is correct, the treatment which will 
cause a 10-mm positive to buckle must be very abnormal 
indeed. Buckling is merely the result of unequal 
expansion, and this is obviated if the plates are homo- 
geneous, highly porous, and designed to permit the 
unchecked expansion which is a natural and inevitable 
consequence of the conversion of metallic lead into lead 
sulphate. 

Accepting that an increase in the thickness would 
add to the mechanical strength, this is only achieved 
by either increasing the floor space taken up by the 
battery or decreasing the amount of electrolyte, and 
it is more economical to sell or buy electrolyte than 
lead, especially when the increased mechanical strength 
is an extravagant margin. ` 

To thicken the positive just to make it stronger 
would automatically increase the capacity of the 
positive, but if advantage is to be taken of this the 
proportionate capacity of the negative plate must also 
be increased by additional active material. 

Perhaps the strongest argument for the 10-mm plate 
versus the 12-mm plate is that the plate has to carry 
its own weight and there is a limit to the width and 
depth to which a Planté positive plate can be com- 
mercially made on this account. The limits for the 
12-mm plate can be considerably extended by employing 


10-mm plates, as will be seen from the following table 


of plates offered by various members of the Accumulator 
Makers’ Association :— 


Capacity of 
itive at 
e Width Height Thickness 
ampere-hours in. in. mm 
10 3 4} 12 
25 5 64 12 
30 5 73 12 
50 7 9. 12 
100 10 13 12 
150 14 14 12 
200 14 20 10-4 
300 14 30 10-4 
432 205 29 10-4 


Negative plates.—Negatives employed in this country. 
for stationary batteries are almost entirely of the. 


sponge or cage type, more commonly known as box: 
negatives. 
of two cast grids faced with finely-perforated lead 
sheet. Paste is applied to the grids, which are then 
riveted together. 


The early practice of preparing the paste in briquette 


form prior to insertion in the cages of the box negatives 
is no longer employed by any British manufacturer. 

The use of expanders is recognized as an essential to. 
ensure thorough porosity of the negative material and 
prevent shrinkage—necessary factors for maintaining 
capacity and efficiency. 


The nature of the expanders varies with different 


manufacturers, some preferring carbon or the like, 
others barium sulphate or the like, etc. l 
The British Post Office Telephone Department now 


stipulates that carbon expander must not be used. 


because it is found in service that this causes dis- 
coloration of the anti-spray film. 


A life of 15 to 20 years and even longer has been. 


recorded from box negatives in central station service, 


but the period naturally varies with the duty of the 


particular service and the degree of care expended on 
the battery. 

Electrolyte.—In all lead-acid batteries the electrolyte 
is still dilute sulphuric acid (H,SO,). Brimstone 
sulphuric acid, i.e. sulphuric acid made from sulphur, 
is commonly specified, but insistence upon the method 
of manufacture appears rather arbitrary. Provided 
the finished product complies with a reasonably stringent 
test, this should suffice. 

Inquiries have elicited the fact that the majority of 
firms in this country who manufacture sulphuric acid. 
employ sulphur usually imported from Sicily, and the 
remainder use iron pyrites. 


A standard for sulphuric acid suitable for storage. 


batteries accepted by battery makers and British 
Government Departments is as follows :— 


(2) To be colourless when viewed through a 12-inch 
column, | 


Each plate is made in two halves consisting. 
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(b) Specific gravity to be 1-215 at 60° F.. 

- The impurities present in 100 cm? of the 
electrolyte shall not exceed the weight for each, 
as follows: 

(c) Fixed residue on evaporating, 0-05 gramme. 

(d) Iron, 0-002 gramme. 

(e) Manganese, 0-0005 gramme. 

(f) Copper, 0-001 gramme. 

(g) Arsenic, 0-0005 gramme. 

(4) Ammonia, 0-01 gramme. 

(t) Nitrogen (as nitrates and nitrites), 0-001 gramme. 

(7) Chlorine (either as one or all of the following, 
viz. Chlorine, chloride or oxygen chlorine 
acids), 0-001 gramme. 

(k) Sulphurous acid, 0-001 gramme. 


For acid of 1-400 specific gravity the maximum 
amounts of impurities present shall not exceed twice, 
those allowed in acid of 1:215 specific gravity, and 
for acid of 1-840 specific gravity the maximum amounts 
of impurities present shall not exceed three times those 
allowed in acid of 1-215 specific gravity. 


Notes on the above specification. 


(a) Although a colourless acid is desirable, con- 
centrated acid may be discoloured by straw, for 
instance, and yet be entirely satisfactory. 

(c) This figure is a useful check on all other deter- 
minations and, in addition, serves to indicate the 
presence of any considerable quantities of such 
metals as magnesium, which are not tested for 
individually because in small amounts they are 
innocuous. 

(d) Iron causes local action, with its attendant 
troubles. The majority of acid available contains 
much less than.the permissible maximum amount. 

(e) The effect is similar to that of iron. Manganese 
is very rarely found in sulphuric acid. Its presence in 
accumulators, with its unmistakable local discoloration 
of the electrolyte at the end of discharge, can usually 
be traced to the paper used for packing. 

(f) Copper is objectionable because it deposits on 
the negative plates, causing local action, but it is an 
uncommon impurity. 

(g) Arsenic also deposits on the negatives, causing 
local action. It is given off from the cell in the form 
of arseniuretted hydrogen. 

(4) Ammonia has no deleterious effect unless present 
in comparatively large quantities. It is almost always 
present in sulphuric acid, being absorbed from the 
atmosphere during manufacture, 

(i) Nitrates or nitrites have a corrosive action on the 
positive plates, but they are rapidly reduced at the 
negative plates and are seldom found in considerable 
quantities. 

(7) Chlorine in any form has a strong corrosive action 
on the positive plates. If added to a cell in the form 
of chloride—the most probable form—a little of it is 
given off during oxidization to chloric acid, and a 
little again in the chloric to the perchloric stage; but 
once perchloric acid has been formed it is a permanent 
and strong corrosive agent. 

(k) Sulphurous acid is a rare impurity, and is oxidized 
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at the positive plates to sulphuric acid, but at the 
negatives may be reduced to sulphuretted hydrogen, 
which is objectionable for several reasons. 

Water for electrolyte.—The water necessary to make 
good the loss of water in a battery through evaporation 
and electrolysis is the chief source of impurities intro- 
duced into a battery, and the presence of such impurities 
leads to abnormal open-circuit losses. Station engineers 
are tempted to use condensate waters or supplies from 
the water mains as an alternative to fitting up a still 
specially. 

Even distilled water may be rendered impure by a 
leaky pipe or unsuitable storage. Other waters are 


EXCEEDS 100, WATER SHOULD 
eE CAREFULLY ANALYSED 
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Fic. 3.—Electrolytic water tester. 


therefore liable to variation in purity and all batches 
should be tested before use. There are simple chemical 
tests, but the electrolytic water tester illustrated in 
Fig. 3 has been developed as a quick means of testing 
at sight. Its operation depends on the fact that pure 
water is almost a non-conductor of electricity, whilst 
the impurities commonly present in water which have 
a harmful effect on accumulators make with water a 
solution that will conduct electricity. The conductivity 
of an impure water varies within limits with the 
amount of a given impurity present, and one can gauge 
the amount of such impurity by measuring the con- 
ductivity of the impure water. This is done roughly 


- by measuring, by means of a milliammeter, the current 
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passed under fixed conditions between two platinum 
or copper electrodes immersed in the water to be 
tested. The electrodes are so arranged that when at a 
predetermined difference of potential they are immersed 
in a natural water containing 0-001 per cent of chlorine, 
they will pass a current of 100 mA, which will be 
indicated to that extent on the milliammeter. 

Distilled water, if pure, will give only slight movement 
of the milliammeter needle. 

Natural waters containing an objectionable amount of 
impurity will deflect the needle beyond the 100 mA 
mark, even though the impurity be something other 
than chlorine. If the deflection of the ammeter needle 
exceeds 100 the water should be carefully analysed. 

Anti-spray films.—Many devices have been proposed 
in the past for the purpose of preventing the dispersal 
of acid-laden gas bubbles rising from the cells towards 
the completion of a charge. A floating film of oil has 
been used for this purpose and for reducing evaporation. 
Little satisfaction has been derived, however, except 
in the case of a highly refined paraffin oil. 

The British Post Office Telephone Department, 
whose technical staff have taken a very prominent 
part in the development of large stationary batteries, is 
the largest user in this country of anti-spray film, and 
has standardized on a quality of paraffin oil marketed 
as “* Blancol.”’ 


Satisfaction depends upon the kind and purity of | 


the oil used. Oils other than pure petroleum are 
liable to cause difficulty in the formation of a bitumistic 
sludge. 

The Post Office specification for the oil is as follows * : 


(1) It shall be free from acids, alkali, 
moisture and dirt. 

(2) Specific gravity at 60° F. of between 0:823 and 
0-828 


sulphur, 


(3) Flash point, by Abel close test, not lower than 
240° F. 

(4) Viscosity, by Redwood’s viscometer, for 50 cm? 
to be 62 to 72 seconds at 40° F. 

(5) Loss by heating in open vessel, not more than 
0-5 per cent after 6 hours at 212° F. 


after passing a current of air at 30 cm3 per 
minute through 100 cm? of the oil heated to 
300° F. for three periods, each of 8 hours, on 
consecutive days. 

(7) A specific resistance of 5 million megohms per 
cm3 at a pressure of 500-700 volts and at 60°- 
75° E, 


In the case of iphon batteries in this country 
the use of an anti-spray film has brought about a very 
striking saving in two respects :— 


(a) Saving in distilled water which would be required 
to make good the evaporation. It was found 
in 1922 at the large and small exchanges in 
the City of Birmingham, which has about 
1/40th of the total number of telephones in the 
country, that the saving in distilled water and 
labour amounted to £150 a year. 


* See Post Office Electrical Engineers’ Jowrnal, 1921, vol. 14, p. 189, 


(b) Saving in building costs, as the absence of acid 
in the air does away with the need for enclosing 
the battery in a special room or compartment ; 
in fact, there are many cases where the use of 
the oil permits the secondary cells to be 
placed in the same room as the telephone 
switching-plant and operating-rooms. Without 
oil, separate accommodation would have to 
be provided. Ordinary ventilation suffices for 
even large batteries; otherwise ventilating 
fans and ducts would be necessary. 


The utility of the anti-spray film is not confined to 
telephone batteries but extends to stationary batteries in 
general. 

The evaporation of the electrolyte is reduced to a 
practically negligible amount, and under ordinary 
conditions with an anti-spray film the level of the 
electrolyte is not lowered more than 1 in. per annum, 
excluding the effects of electrolysis through excess 
charging. The absence of acid spray does away with 
the risk of damage to any metal or wood work, and 
special treatment of walls, metal fittings, etc., with 
acid-proof enamel is obviated. The cost of the oil is 


| small in proportion to the saving effected, being 


approximately ls. for every 500 square inches of 


- cell surface. 


The chief disadvantage of oil as an anti-spray film is 
that it becomes opaque in dusty locations and through 
impregnation of the expander introduced into the 


_ active material of modern negative plates. Rather 


than sacrifice the advantages of the oil film the Post 


_ Office has placed an embargo on the use of expanders 


in the material. This stipulation may react on the 


useful life obtained from the plates, but this is a point 
_ which can only be decided by experience. 


Oil films cannot be recommended for every applica- 


tion. For instance, where the battery is used for load 


regulation and the circulation of the electrolyte is 
unusually violent on account of extremely heavy 
charging peaks, the oil is liable to be carried down to 
the box negative plates. Only one instance is known 


(6) No more than a trace of precipitated anseter _ where trouble could be definitely traced to this cause. 


It may be advisable to emphasize the importance of 
using only highly-refined paraffin oil as an anti-spray 


. film; for instance, methylated spirits would attack 
. the plates at a surprisingly rapid rate, while fatty oils, 
in virtue of the greasing action, would interfere with 
' the plate functions. 


Short-first-charge batteries.—An advance in manu- 


| facture beneficial to contractors and users is the 
- development of the short-first-charge battery. It has 
' always been recognized that any initial charge on site is 
' required essentially for the negative plates, as a pro- 
' perly formed positive will not lose its charge or 
, sulphate appreciably merely by immersion in sulphuric 
¡ acid. If during manufacture, after reduction from 
_ litharge to spongy lead, the negative material is exposed 
: to the atmosphere, oxidation takes place. 
: oxidized negative material is immersed in sulphuric 
acid, sulphation takes place for some time, as is evi- 
' denced by a fall in specific gravity of about 50 to 


When this 


60 points in 12 hours, even if the initial charge is com- 
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menced immediately after the acid is filled in, By 
drying the negatives in inert gases immediately after 
the process of reduction, oxidation of the active 
material is averted, and the initial charge can be com- 
pleted in 15 hours, provided the plates have been kept 


bone-dry during the period between manufacture and : 


installation, and that charging commences after the 
cells are filled with electrolyte. 
Fig. 4 shows characteristic curves of the fall and rise 


mt short-first-chargé negatives 


N (corrected to 60° E) 


1-220 
PA 
as 2s 


Specific gravity 


Temperature, F 


30 hours’ charge__} 20 hours’ char 


at normal rate - at 4 normal rate 


0 5 15 25 358 . 435 55 


Time, in hours 


- Fic, 4.—Characteristic curves of specific gravity of electrolyte | 


during initial charge. 


in the specific gravity of the electrolyte during the- 


initial charge of cells fitted with ordinary negatives, 
and alternatively with short-first-charge negatives. 
Experience has shown that under this process negative 


plates can be prepared thoroughly stable in character - 


and giving a normal life; also that the plates are not 


spoilt if allowed to become damp, but merely revert to 


ordinary negatives requiring the normal initial charge. 


Sealed-in batteries —The range of enclosed, portable | 
batteries has been extended to include stationary ' 
type cells fitted with Planté plates up to a capacity . 


of 200 ampere-hours in 10 hours, capable of being 
delivered from the factory or depot to the installation 
in a charged condition. The design had to cover 
several interesting’ problems—the plates had to hang 
freely to allow for unrestricted growth, but had to be 
supported adequately to obviate crystallization of the 
plate lugs through severe vibration in transit. The 
cells required to be sufficiently enclosed to prevent loss 
of acid in transport, yet had to be adequately vented 
to preclude an accumulation of- explosive gases under 
pressure during charge. 

By elimination of the cost of assembly of the cells 
and initial charge on site, these batteries are becoming 
very popular for installations within the above capacity, 
limits. , 


' TESTS. 


There is still no B.E.S.A. or I.E.E. standard 
for storage-battery tests. The tests are very difficult 


| to define, as temperature and open-circuit losses are 


complicating factors and the capacity varies with the 
method of discharge. Thus, if a battery specified to 
give a certain capacity has actually an appreciably 
greater capacity, it does not follow that it will pass the 
prescribed tests. For a given weight of metal distri- 
buted in a plate of given dimensions—width, length 
and thickness—the capacity of a Planté positive at any 
fixed temperature could vary as much as 20 per cent 
by design and formation. 

When the cells are discharged for a certain time, 
the temperature coefficient is 0-51 per cent of the 
9-hour capacity per degree F. When the cells are 
discharged at a certain current the temperature coeffi- 
cient at the 9-hour rate is 0-65 per cent of 9 hours per 
degree F., taking 60° F. as the datum line (this is a 


correction of the figure of 0-712 per cent per degree F. 


given by Lyndon*). The 9-hour values are given 
because Post Office acceptance tests are based on 9 hours. 

The following notes are offered for consideration in 
drawing up conditions for acceptance tests :— 


(1) The battery should first be fully charged. — 

(2) A discharge for ampere-hour capacity should 

i follow. > 

(3) The battery should then be recharged. 

(4) A second discharge should follow to determine 
the efficiency. 


Each discharge should be taken at the same definite 
rate :— 


(a) For a definite time, at the end of which the 
voltage per cell should not be below a specified 
minimum. This method is recommended, 

Or 

(b) To a definite final voltage per cell, in which case 
the duration of the discharge should not be less 
than a specified minimum, This method is 
satisfactory, but (a) is preferable. 


Under method (b), provided the specified minimum 
period has been run, the discharge should be stopped 
when any one cell falls to the definite final voltage. 


au Storage Battery Engineering,” ” p. 135, Fig, 53. 
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The percentage ampere-hour efficiency would be determined from the formula :— 


Ampere-hour efficiency = 


and the percentage watt-hour efficiency from the formula :— 


Watt-hour efficiency = Percentage ampere-hour efficiency X 


SPECIAL APPLICATIONS. 


Storage batteries have innumerable applications and 
it is only proposed to make passing reference to some 
of the more important ones. Those possessing novelty 
are given in greater detail. 

Traction and power.—Storage batteries have an 
established importance for propelling electric loco- 
motives and commercial and industrial vehicles, and 
for carrying peak loads and for load regulation. 

Tropics.—It has been assumed in the past that 
batteries cannot be expected to be very durable under 
tropical conditions, but records continue to be received 
of British-built batteries giving 10 to 12 years’ life in 
tropical countries. As a precaution the manufacturers 
recommend that the working specific gravity be reduced 
from, say, 1-215 to 1-195, in view of the greater 
chemical activity of hot acid. The good results obtained 
are largely due to— 


e Improved methods of packing. This in itself 
is a problem, as, apart from inechanical damage 
due to rough handling, the battery plates are 
liable to sustain damage from sweating, with 
resultant hydration, and from corrosion if 
contaminated by wood acids liberated from the 
packing cases. 

(b) The policy of organizing staffs of expert battery 
fitters and inspectors in various countries to 
ensure a satisfactory installation and reasonable 
treatment subsequently. 


Frigid zones.—Lead-acid batteries function quite 
satisfactorily under the most severe extremes of cold, 
as, for instance, in northern parts of Canada where 
many operate in battery locomotives. 

Submarines.—This is a special application for bat- 
teries, presenting problems quite distinct from those 
pertaining to stationary batteries. In his paper on 
** The Applications of Electricity in Warships,” read 
before the Institution last February,* Mr. McClelland 


described some of these problems, and in the subsequent © 
discussion some figures were given showing that batteries © 


have given a 10 years’ life in submarine service. 
Telephone exchanges.—An article in the Automatic 
Telephone,t by C. J. Diehl, of the Automatic Electric 
Co., describes American practice for Strowger automatic 
exchanges. One battery only is used instead of two 
batteries as formerly, and this battery floats across the 


busbars during the day, receiving an aggregate charge / 


sufficient to compensate for the previous night’s dis- 
charge carried by the battery alone. 

In Mr. Diehl’s opinion the purpose of the storage 
battery is not primarily to supply current for the regular 


i zourna I.E.E., 1927, vol. 65, p. 829 
t Automatic Telephone, July-August, ose, p. 61. 


Output in ampere-hours on second discharge 
Input in ampere-hours on previous charge 


x 100 


Average of voltage readings on second discharge 
Average of voltage readings on previous charge 


operation of the exchange equipment, but to act as a 
damper for the high-frequency fluctuations caused by 
the voice and generator currents, and to provide a 
means for storing energy with which to operate the 
equipment when the regular source of supply is discon- 
nected from the exchange. 

The batteries are installed large enough to have 
about five busy-hours’ capacity, but this varies 
according to the assumed reliability of the main source 
of commercial power and the nature of the reserve 
alternative source of supply. In general, wherever 
floating has been adopted in the United States, prime 
movers have been installed to meet power supply 
breakdowns. 

For the larger-sized exchanges either of the following 
battery schemes is selected: (a) 25 main cells and 
7 counter-e.m.f. cells (for controlling voltage during 
charge or floating period) ; (b) 23 main cells and 3 end 
cells (for voltage regulation during discharge from the 
battery). Mr. Diehl claims that the latter is the more 
efficient method. 

The success of running the exchange on a full floating 
policy, i.e. with one battery for emergency only, is 
dependent upon the perfection of a generator fully 
silent and specially compounded with flat voltage 
characteristic to minimize voltage fluctuation between 
no load and full load. This also assumes a steady 
supply voltage to ensure that the generator runs at 
constant speed. 

British Post Office engineers consider that a full 
floating policy is not suitable for automatic exchanges 
in this country, and they are of the opinion that an 
exchange cannot be run satisfactorily without a battery. 
The special silent generator costs twice as much as a 
commercial set, and is liable to brush and commutator 
troubles. Continual attention is found necessary, as 
the brushes need changing every 3 hours. 

The floating-battery system has been found to be 
uneconomical in respect of annual costs for power and 
maintenance as compared with the double-battery 
system, and also unsatisfactory in respect of apparatus 
adjustments and life of plant, as the result of excessive 
and wide variations in the voltage when applied by the 
charging machine to charge the battery and at the same 
time serve the exchange. 

When power is taken from a machine to supply an 
exchange direct, the voltage must not be allowed to 
rise to a value which would result in the cells receiving 
a charge; otherwise that voltage would be too high 
for the automatic exchange. 

A floating system—which, strictly interpreted, implies 
that the battery is joined across the machine but that 
the adjustment is such that the current does not flow 
into or out of the battery—entails excessive attention 
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at the power board for reghlation purposes. Conse- 
quently the battery must be allowed to discharge. 

The extent of the discharge is, however, covered by 
local conditions, having regard to (1) the necessity for 
discharging the battery to the limit of its ampere-hour 
capacity within a reasonable time, and (2) safeguarding 
the machine reserve, seeing that the stand-by machine 
would be in regular use and that, in the event of one 
machine breaking down, difficulties may arise in affording 
the service. | 

Where condition (2) arises, the aim should be to 
use the stand-by machine to such: an extent as will 
allow of each battery being discharged once every 
2 working days and the stand-by machine being used not 
more than approximately 3 hours daily. 

At very large exchanges a third machine is provided, 
and in that case the restriction with regard to the 
application of the stand-by machine for 3 hours daily 
can be modified, a machine and a battery being allowed 
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capacity. The schemes actually in hand at the moment 
involve the provision within the next three years of 
about a hundred 50-volt batteries having capacities 
of 6 000 to 10 000 ampere-hours. Approximately half of 
these will be of 10 000 ampere-hours capacity. 

It is probable that new installations will be proceeded 
with at the same rate for the next 10 years. 

Mr. Ray further estimated on official figures that, in 
London alone, within 15 years there will be some 
120 exchanges consuming 30000000 kWh annually, 
with an average load of 16 000 kW for 6 hours daily. 

A more recent official estimate gives an increase in 
the combined capacity of all the Post Office batteries 


installed in Great Britain and Northern Ireland from 


28 000 kWh in 9 hours at present to 100 000 kWh in 
9 hours by 1936. 

In their position as the largest users of storage 
batteries in this country, the Post Office authorities 
have wisely standardized many of the leading features 


+ 


Al + 
eae it ae ee 


Me) — 


Fic, 5.—Diagram of connections for switch-tripping battery. 


to discharge on the exchange during the whole of the 
period of the peak load, irrespective of the time. 

. Some figures were given by Mr. F. I. Ray in a paper 
read before the London Students' Section of the Insti- 
tution on the 10th December, 1926, illustrating the 
magnitude of the storage-battery capacity, present and 
prospective, in Post Office telephone exchanges through- 
out this country, in support of the claim that the 
engineers’ department of the British Post Office is the 
largest user of primary and of secondary batteries in 
this country. With the gradual adoption of automatic 
telephones the power consumption of an exchange has 
necessarily been increased. The number of kWh 
reported to have ‘been consumed by the British Post 
Office throughout the country in the year 1925 was 
3 600 000. By 1928 the total ampere-hour capacities of 
the batteries in London. paa alone will be 627 000, 
with an estimated discharge rate of 2000 kW for a 
9-hour day. 

_ Amongst the batteries contemplated to deal with this 
storage capacity will be 32, each of 10 000 ampere-hours 


of the storage batteries, including number of cells, 
dimensions of plates, weights, capacities, tests, etc. 

For automatic working, 50-volt batteries are employed. 
Each battery, therefore, consists of 25 cells. The 
dimensions of a cell with a capacity of 10 000 ampere- 
hours in 9 hours are 194 in. wide x 5 ft. 8 in. 
long x 4 ft. 6 in. deep, with a total weight per cell of 
over 2 tons. The dimensions of the plates are adjusted 
to give even capacities of 25, 50, 100, 200 and 
300 ampere-hours in cells of comparatively small ampere- 
hour capacity, but in the 10 000-ampere-hour pattern 
there are 35 positives each 14 in. wide x 28} in. deep, 
with a capacity per plate of 300 ampere-hours in 9 hours. 


Batteries for strictly stand-by purposes. 
Swiich-tripping.—This is an application of batteries 
which may become very general, and the scheme is 
simple in its functioning and control. 
The number of cells has to be decided in each 
specific case : for instance, it is necessary to know what 


is the minimum voltage to which the battery may fall 
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without affecting the functioning of the devices which 
it has to feed. Thus, if the supply voltage is, say, 
200, and if it must never fall below 200, the number of 
cells would be 110, but probably a smaller number of 
cells, somewhere between 110 and 100, would be 
satisfactory for most 200-volt systems. 


d.c. outers through a lamp resistance, but when required 
is thrown on to the control bars by a change-over 
switch. Following emergency use a full charge is 
given by means of adjustable resistances. In the 
simplest arrangement the change-over switch is operated 
normally and no regulating cells are employed, but 
the scheme may be elaborated by automatic action of 
the change-over switch and an end-cell switch. 
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was altered to 50 and three-phase plant was adopted, 
the d.c. generating plant was reduced and the 50-cycle 
supply given to all distributing centres except to those 
which controlled printing and other work requiring 
direct current. It was therefore an advantage to 


| obtain the works power supply from the three-phase 
The battery is normally trickle-charged across the | 


plant through motor-convertors, and to ensure con- 
tinuity by installing a battery of sufficient capacity to 
maintain the station power for approximately 1 hour. 


The common method hitherto employed of keeping 


the stand-by battery in a healthy condition, by periodi- 
cally discharging and recharging it, did not appeal to 
the company owing to the possibility of an emergency 
arising when the battery was fully discharged, and a 
system designed by Mr. Eustace Thomas and the 
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Fic. 6.—Chart showing emergency battery in operation. 


Fig. 5 shows diagrammatically the switchgear, instru- 
ments and connections sufficient for controlling a 
‘battery required only as a stand-by. Low-voltage 
trips are recommended in preference to reverse-current 
trips for opening the supply circuit breakers, as the 
reverse current from a battery of 100-110 cells across 
the 400-420-volt busbars through the trickle-charging 
resistance would be negligible. 


A uxiliary plant. 


(1) Bankside.—The installation at the Bankside 
station of the City of London Electric Lighting Co., 
Ltd., is an interesting and novel application of storage 
batteries for stand-by purposes. Practically the whole 
of the auxiliary plant at the generating station is 
electrically driven by d.c. motors. For many years a 
d.c. generating plant was in use, which gave about half 
the output of the works. Within the last six years, 
however, since the frequency of 100 cycles per sec. 


author was adopted. The whole of the essential station 
services are connected to an auxiliary section of the 
busbars, normally fed from the main busbars through 
reverse-current circuit breakers. The battery is 
arranged to float across the station power busbars and 
is maintained in a fully charged condition by a con- 
tinuous trickle charge supplied by a small trickle- 
charge booster, the amount of charge being regulated 
by means of a governor operating in conjunction with 
an end-cell regulating switch. 

In the event of the failure of the main supply voltage 
the battery immediately attempts to feed the main 
supply busbars through reverse-current circuit breakers, 
which at once open, leaving the battery on the station 
power busbars. The automatic end-cell regulating 
switch then comes into operation, switching in cells as 
required to maintain the necessary busbar voltage. 

The plant was put into service in February 1927, 
and a practical trial was at once made by securing an 
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imitation of lowering the main supply voltage, thus | cell being 2-2 volts. The speed of the chart is 6 in: 
calling for the emergency aid of the battery. All the | per hour.  : | e 
apparatus functioned satisfactorily, the circuit breakers The end-cel switch only operates at fairly long 
opened, and the battery maintained supply to the | intervals when the busbar voltage is varied by about 
auxiliary plant. Since then, the battery and automatic | 3 to 5 volts. 
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Fic. 7.—Chart showing interchange of current between busbars and auxiliary plant stand-by battery. 


switchgear have had opportunities of demonstrating During the recharge following an emergency, an 
their value and utility for the particular. conditions for | atteridant stands by to cut the booster out of circuit 
which they were installed. and throw the battery direct on to the auxiliary plant 

The chart in Fig. 6 shows definitely the conditions | busbars.should an emergency arise during the recharge. 
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Fic. 8.—Diagram of connections for auxiliary plant stand-by battery. 


under which the battery comes into operation, and it ¡ At all other times the battery is strictly automatic, 
will be noticed that the voltage was lowered in approxi- | waiting to take over the supply absolutely without 
mately 2 seconds, that the battery came into operation, | shock. 

and that the regulator took only 32 seconds to switch | Fig. 8 shows diagrammatically the main connections 
in successively 47 cells. _ between the battery, automatic switchgear, boosters, 

The chart in Fig. 7 ista record of the interchange of | and switchboard. 

current between the busbars and the battery. The (2) Ferrybridge.— Although the battery installed at 
battery is on trickle charge, the voltage across each | Ferrybridge is for the same purpose as that at Bank- 
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side, viz. emergency power supply for auxiliaries, the 
method of control is very different. To begin with, 
the d.c. circuit at Ferrybridge is electrically isolated 
from the external supply system, which is not the case 
at Bankside. 

The auxiliaries are supplied at 500 volts normally 
from two a.c.-d.c. motor-generators, but in emergency 
from the battery. The latter consists of 240 cells, 
capacity 1 680 ampere-hours in 10 hours, designed to 
give 1250 amperes for 30 minutes or 1 500 amperes 
for 15 minutes. The battery is normally - floating 
directly across the 500-volt busbars at 2-08 volts per 
cell. 

To keep up the overall discharge pressure at high 
rates, an automatic booster is provided, the control of 
which is by a Brown-Boveri automatic voltage regu- 
lator. Hand control is provided as an alternative. 
The switchgear is so arranged that should an emergency 
occur necessitating the discharge of the battery at 
high rates, the operation of one master-switch auto- 
matically starts up the booster set and connects it in 
series with the battery without breaking circuit, and 
the closing of one more switch puts the set into full 
automatic operation, 

A specially interesting feature is the 250-volt supply 
on the 3-wire system to various motors and other gear. 
Whilst floating, the middle wire is connected to the 
middle of the battery, but, on the booster being switched 
in, the middle wire is at the same time transferred to a 
static balancer connected to slip-rings in the booster 
motor armature, The battery and booster are connected 
across the outers from which the motor is supplied. 

The automatic voltage regulator will maintain a con- 
stant overall battery and booster pressure within close 
limits. 

Artificial load for engine tests.—At the Filton 
Aerodrome, owned by the British Aeroplane Co., Ltd., 
a battery of 240 cells, with a capacity of 1 950 ampere- 
hours in 10 hours, is employed to assist in the testing 
of aeroplane engines. The latter are tested by. driving 
dynamometers, the test lasting 3 hours. The current 
generated is absorbed by the battery and is usefully 
employed during the night in supplying light and power 
to the workshops whilst the main generating plant 
is shut down. 

Another test necessitates the running of very powerful 
blowers to provide an air current for engine cooling, 
of the speed that would be experienced in actual flight. 
These fans take a heavier current than the 1}-mile 
cable from the power house would cope with, and this 
provides an additional reason for a battery on the spot. 
The battery is controlled by a hand-reversible booster 
capable of dealing with a maximum output of 
800 amperes for 1 hour, the line voltage being 500. 

Cable-testing.—A most interesting application of 
storage batteries is that employed by Standard Tele- 
phones and Cables, Ltd., for the purpose of testing 
` cables. 

The battery, which has a nominal overall pressure of 
8600 volts, is made up of 360 5-ampere-hour H.T. 
wireless units, each consisting of 12 cells accommodated 
in a multi-compartment glass monobloc container. 

_A very special design of support was necessary, 
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owing to the importance of safety in operation and the 
necessity of providing adequate insulation against 
(1) the high breakdown voltage, and (2) leakage. The 
latter is of great importance owing to the small capacity 
used, thus: making it necessary to conserve the whole 
power for testing duty. 

The battery is arranged on 20 suspended racks 
behind a wire-mesh safety screen. Each rack carries a 
small panel with safety resistances, ammeter plug 
receptacle, and switches for putting in series or parallel 
the three circuits on each rack. Each rack is suspended 
on insulators from a little trolley running on a steel 
bar overhead. This allows each rack to be drawn out 
from the rest for the examination of the batteries and 
for topping them up with water. 

The overhead steelwork is carried on high-pressure 
insulators of large area. 

The 20 sections are connected in series by means of 
20 high-pressure change-over switches mounted over- 
head and operated by long insulating rods from the 
control aisle. Before this can be done, however, certain 
interlocking features must be operated in correct 
sequence, securing that the 20 section panels are cor- 
rectly set, the charging source cut off and the col- 
lapsible gates to the enclosure locked. After the 
battery is connected in series it is impossible to enter 
the enclosure. 

For charging, the batteries are connected in a number 
of parallel circuits and charged from a low-pressure 


d.c. supply. 


Amongst recent developments of battery plants, the 
following may also be mentioned :— 

Wireless beacon equipments.—These are particularly 
interesting because the generating plants and also the 
wireless receiving and transmitting equipments are 
automatic throughout, there being no operator on the 
spot. They are situated near ordinary lighthouses, 
and lighthouse keepers do what is necessary. 

Alternating-current automatic plants.—The object of 
these plants is to provide an a.c. supply of electricity 
in isolated installations in anticipation of the district 
being served sooner or later from a bulk supply. When 
the bulk supply is available the installation can be 
connected without any alteration to mains or power- 
consuming devices. The plant can be held in reserve 
or is suitable for some other isolated installation. 

In the system developed by the Austin Lighting Co., 
Ltd., of Banbury, the plant comprises a high-speed, 
cold-starting, crude-oil engine, an alternator with an 
oversized low-voltage exciter, and a relatively small 
battery. The exciter charges the battery and acts as 
a motor, running the alternator on light load. Changes 
in load or variation in voltage determine the operation 
of magnetic clutches to start or stop the engine. 

The frequency is kept constant by a governor on 
the engine, which adjusts the amount of fuel admitted, 
and an alternative governor (which adjusts the strength 
of the current in the field windings of the exciter) for 
use when the alternator is run by the motor. 

The voltage is controlled by a master voltmeter. 

The charging current of the battery varies inversely 


| with the load, and the engine starts when the load 
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rises or the voltage falls, whichever occurs first. The 
engine stops when the load has fallen and the battery 
is fully charged. When the load rises or the voltage 
of the battery drops, a relay closes a magnetic clutch 
circuit, opens the fuel valve, and so starts the engine. 

The main details of the plant are shown diagram- 
matically in Fig. 9. 


SPECIAL METHODS OF CHARGING. 


It is not proposed to enumerate all the various known 
methods of charging storage batteries, but details are 
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ratus, wind motors can be relied upon with confidence, 
though, of course, with limitations. It is pointed out in 
the report that the essential parts of any wind-motor 
installation are the head-piece, which comprises that 
part which swings in the wind and carries the wind 
wheel, and the structure itself supporting: the head- 
piece. The drive from the wheel to the generator is 
never direct. ‘The pressure of the wind acting on the 
surface of the blades produces a component force in 
the direction of rotation of the wheel, causing the latter 
to rotate. 
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Fic. 9.—Diagram of connections for automatic a.c. plant. 


given below of special methods which possess some 
novelty :— 


(a) Wind motors. 
(b) “ Roundabout ” automatic charging. 
(c) Trickle charging. 

(a) Wind motors.—For many years the use of wind- 
driven motors as a means of charging storage batteries 
was discouraged by the manufacturers on the ground 
that the climatic conditions in this country were too 
uncertain to render the scheme successful. A valuable 
report * issued by the Institute of Agricultural Engi- 
neering, University of Oxford, in. 1926, based upon 
investigations carried out at Harpenden by the Research 
Branch of the Ministry of Agriculture, has demon- 
strated that, with judicious selection of site and appa- 


* Bulletin No. 1: “ A Report on the Use of Windmills for the Generation 
of Electricity ” (2s. 6d., Clarendon Press), 


With few exceptions, wind wheels are designed to 
run with the plane of the wheel practically vertical 
and normal to the direction of the wind stream. The 
speed, and consequently the output of the wheel, increase 
as the wind speed rises, and a stage is ultimately 
reached when the power transmitted to the generator 
exceeds the maximum safe load of that machine. To 
prevent this the wheel must be turned out of the wind, 
and this is usually done by the aid of a side or 
governing vane. 

One essential component of a wind-wheel generating 
plant is the storage battery to supply power at periods 
when there is no wind and steady the power supply, 
which would otherwise fluctuate with the rise and fall 
of the wind. Naturally the battery must be capable 
of being charged at irregular rates and of working for 
several hours almost at the point of complete discharge, 
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and it has to withstand long periods of overcharge. 
The wind speed at which the generator begins to charge 
depends mainly on the design. One which cuts in at 
low wind speeds does not, as a rule, give so good a 
performance in high wind speeds as one with a higher 
cut-in speed. To obtain an early cut-in the generator 
efficiency should be high at low loads. 

For small sets the generator is designed to give a 
constant efficiency of about 60 per cent over the whole 
load range. For larger sets a generator is usually 
employed which will give higher efficiencies (up to 
80 or 90 per cent) at full load; at light loads the 
efficiency of such a set will be about 30 to 40 ‘per cent. 
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Fic. 10.—The Ventimotor. 


The size of storage battery which should be installed 
with any plant of this type depends mainly on (1) the 
nature of the load and its application; (2) the size of 
the load; (3) the maximum duration of calm that may 
be expected; (4) whether the load can be reduced 
during a period of calm; and (6) financial considera- 
tions. The investigations produced some very useful 
data for reference, and the report summarized the 
results, with the conclusion that this method of power 
production stands in a favourable position as regards 
cost per unit, compared with that of electricity avail- 
able under other sources of supply. The cost either for 
small lighting or for small power purposes is quite 
reasonable and such as to justify its wider use. 

Obviously a large supply company can provide a 
service of greater reliability, flexibility and economy, 


and it is mainly in districts remote from such facilities 
that a wind-motor scheme could justify itself, or, 
alternatively, as an addition to existing private instal- 
lations where the main generating set is running 
uneconomically, 

For a full 12 months the batteries at Burghfield 
telephone exchange have been charged from a Venti- 
motor supplied by the Patent Lighting Co., Ltd., of 
London, without any exterior aid, and the Post Office 
engineers are extending their use of this type of charging 
apparatus to further rural telephone substations. 

Fig. 10 gives an idea of the construction of the 
Ventimotor. A different type of standard is used, 
however, for Post Office purposes. The standard 
considered to be most suitable is a lattice-work steel 
tower which can be erected to any required height. 
A height from the ground of at least 25 ft. is considered 
necessary. The overall diameter of the 4 stream-line 
blades, which are fabric-covered, is 8 ft. 6 in. Double- 
reduction chain drive to the generator from the axle of 
the windmill is provided. The generator rating is 
33 volts and 10 amperes, at 900 r.p.m. 

Two batteries of 72-ampere-hour cells (Post Office 
pattern No. 6) are provided ‘and these are accom- 
modated either in the exchange or in a standard hut. 
The charging control plant consists of one Post Office 
standard No. 9 charging panel, one Post Office standard 
No. 7 charging panel, and a special small panel carrying 
the necessary switching apparatus to switch in the 
Ventimotor generator when the voltage rises to the 
required value. ” 

The maintenance procedure consists in switching on 
the fully-charged battery to the exchange, and the 
discharged battery to the Ventimotor. The Venti- 
motor then charges up the discharged battery over a 
period of time corresponding to the wind velocity. As 
soon as the battery under charge is fully charged the 
operation of No. 7 charging panel causes the Venti- 
motor generator to be disconnected and some form 
of load, e.g. an electric fire, is left in circuit with 
the Ventimotor generator until it is desired to start 
the charge of the second battery. 

The most important consideration in connection 


with the question as to whether a Ventimotor will be 


suitable is the question of freedom from screening in 
all directions. Unless the wind is able to reach the 
windmill free from all obstructions not less distant than 
200 yards, its efficiency is seriously impaired. If the 
exposure is good, an average output of 1 kWh per day 
can be relied upon. It is, of course, desirable that the 
Ventimotor should be erected as near to the exchange 
as possible, but there is no objection to its being 
erected at a distance up to 100 yards from the battery 
room, provided that an absolutely clear exposure to 
all winds can thereby be obtained. If such exposure 
cannot be obtained by placing the machine at some 
distance from the exchange, the height of the lattice- 
work tower can be increased upto 40 ft. Thesides of the 
base of the lattice-work tower are approximately 10 ft. 

The following particulars have been obtained from 
meteorological records taken in Southern England 
during 1924 and give some indication of the winds 
which may be expected in that region. 
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Duration of Winds of Various Velocities, 


Velocity Duration in hours 

No record i 2 43 
Less than 4 m.p.h. 562 
4 to 12 m.p.h. .. 4 360 
13 to 24 m.p.h, 3 314 
25 to 38 m.ph. . . 449 
More than 38 m.p.h. .. | . 32 

Total 8 760 


The Ventimotor commences to charge the battery 
when the wind velocity rises to 4 m.p.h. From the 
above particulars, therefore, it appears that the Venti- 
motor would be charging the battery for approximately 
93 per cent of the whole time throughout the year. 


Frequency of Winds of Various Direction. 


Direction Number of days 
N. 24 
N.E. 9 
E. 44 
S.E. 30 
S. 54 
S.W. 52 
W. 80 
N.W. 50 
Calm 22 


This indicates that for 236 days out of 365 the winds 
blow from S., S.W., W. and N.W. The most favour- 
able exposure appears to be W. 


Frequency of Calms Throughout the Year. 


Month Number of days 


April .. ió 


November 
December 
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The foregoing indicates that calms are well distributed 
throughout the year and are not excessive during any 
particular month. 


The manufacturers of wind motors complain that 
their troubles in private installations are due not so 
much to the vagaries of the winds as to the lack of 
electrical intelligence or foresight on the part of the 
average householder. Provided the battery furnishes a 
fair light, a calm period of a few days is not anticipated 
and the battery is usually run almost completely down. 
In this state it is difficult to recover the battery quickly 
unless winds are suitable. The majority of the current 
supplied to the battery is at a dribbling rate, owing to 
light winds always predominating. Consequently the 
battery only receives a heavy gassing charge at very 
irregular intervals. 

The “ roundabout” system of automatic charging.— 
This is a method whereby the cells of a storage battery 
are charged singly or in groups in rotation. The 
system has been developed by the Austin Lighting 
Co., Ltd., of Banbury. Reference was made to it 
by Mr. M. G. Tweedie in his paper before the Institution 
of Railway Signal Engineers in December 1926, 
entitled ‘‘ Electrical Power for Railway Signalling 
and Communications.” * In the Austin system one 
cell at a time is charged from a small motor-generator 
connected by a drum-type controller rotated by gearing. 
The movement from one cell to the next is controlled 
by the gearing and is, in reality, a function of the number 
of revolutions of the motor-generator, but as this runs 
at a practically constant speed it becomes a more or 
less definite time-limit. 

By means of two shunt regulators, two separate 
charging rates corresponding to the normal and equaliz- 
ing rates are predetermined. The ratio of the gearing 
can be altered, but it is normally set to be sufficiently 
long on one stop to charge the cell fully. 

While the cell is on charge, a moving-coil relay cor- 
rected for charging rate is connected in parallel with it 
or with the dynamo charging it. When the cell attains 
an almost fully-charged condition, this relay makes 
contact and trips, through a thermostatic catch, a 
shunt field switch which inserts a further bank of 
resistance of a value adjusted by the second shunt 
regulator. This cuts down the output of the cell 
generator to the lower predetermined figure at which ` 
the cell continues to be charged until the time limit 
has expired. Then, with a quick action, the controller 
moves round to the next cell, and at the same time the 
main brush, passing over a_ series of contacts, 
momentarily energizes a pull-in coil which re-sets the 
shunt field switch. The actuating mechanism of the 
controller is somewhat similar to that of the striking 
gear of a clock, A diagram of the connections is 
given in Fig. 11. 

This system has distinct points in its favour in cases 
where it is very essential that the total battery voltage 
should remain constant for the whole period of charge 
or discharge. At Waverley station, Edinburgh, where 
the system is in operation, the voltage variation across 
the whole battery is about 0-35 volt on 16 volts. The 
motor-generator has an output of 180 watts. 

Trickle charging.—The maintenance of purely stand-by 
batteries presents an interesting problem. To fulfil its 


o of the Institution of Railway Signal Engineers, 1926-27, Part II, 
p. 184. 
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purpose most effectively, the full capacity of the 
battery must obviously be available at all times. It 
has long been an axiom that a battery must have work 


to keep it in healthy condition. This applies in a | 


particular degree to Planté batteries to ensure that 
the film or skin of active material on the positive plates 
is sufficiently dense to protect the pure lead base from 
action by the sulphuric acid. | 

The need for work is less in the case of pasted 
positives, which have no lead base to be acted upon. 
Nevertheless, all batteries lose their charge at a varying 
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may arise where this overcharging will cause undue 
wear of the positive active material. 

During the period that the battery is subjected to 
this special discharge and recharge, it obviously cannot 
be considered available for its primary function to the 
full extent, and this is the biggest objection to the 
system of weekly special cycles of charge and discharge. 

For the maintenance of batteries strictly reserved 


| for stand-by work, a method has been devised based 


upon the theory that if the open-circuit losses are 
compensated for at the same rate as they take place 
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Fic. 11.-——Diagram of connections of the “ roundabout” automatic charging system. 


rate on open circuit due to local action arising from the 
unavoidable presence of impurities. 

Another axiom in battery management has been 
that “a charge cannot be put on a charge ”—in other 
words, unless a battery is occasionally fully discharged 
it cannot be charged to an extent which will ensure 
that it will give its maximum capacity. 

All the above still holds good for batteries which 
are not strictly reserved for stand-by work. A rough- 
and-ready method of keeping the battery healthy is to 
give it a discharge once a week and follow this up with 
a recharge, which should be continued until all the cells 
are in a thoroughly healthy condition. This necessarily 
involves considerable overcharging, and circumstances 


the condition of the battery will undergo no change. 
The open-circuit losses are indicated by lowered specific 
gravity of the electrolyte. It only remains, therefore, 
to maintain the specific gravity and it can be assumed 
that no charge is being lost. The extent of open- 
circuit loss varies, but it may be taken as a basis that 
the trickle charge will in no case exceed 4 per cent of 
the ampere-hour capacity of the battery at its 10-hour 
rating spread continuously over 24 hours. 

Thus the trickle-charge rate for a 1 000-ampere-hour 
battery will not exceed 1-7 amperes, and more generally 
the rate will be 0-5 to 1-0 ampere. The essential 
point is that the rate should not be so great as to cause 
any gassing, but, on the other hand, should be sufficient 
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to prevent any gradual falling-off in specific gravity. 
To this end a certain amount of continual supervision is 
necessary. 

Under the trickle-charging scheme the full rated 
_ capacity of the battery is always available. 


BATTERY SUPPLY AND DEMAND. 

Vast quantities of lead are used annually in this 
country for accumulators of all sorts. The figures for 
the year 1926, kindly supplied by the Associated Lead 
Manufacturers, Ltd., of London, were as follows :— 


Tons 
Total lead consumed during 1926 247 000 
Too 1913 14 35 “zZ 8s 9 M0 


in spite of continuous search, few new deposits of first- 
class importance have been found, the relative scarcity 
of lead to an increasing degree may be anticipated. 
This somewhat pessimistic outlook is only introduced 
here to indicate a problem with which battery designers 
may be faced in the very distant future, and also as a 
warning note of the undesirability of throwing away 
unnecessary metal in the attainment of mechanical 
ruggedness out of all proportion to actual requirements. 

Experienced metal merchants in London do not agree 
with Mr. Lindgren and assert that to a certain extent 
production is controlled by demand and that present 
supplies far exceed the demand. 
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Fic. 12.—Chart showing price of lead, 1913-1927. 


Of this the consumption was divided approximately 
thus :— 


Tons 
For sheets and pipes . 100 000 
For white lead and red lead 45 000 
For miscellaneous uses 5 000 
For cables sd 80 000 
For storage batteries 17 000 
247 000: 


The world's lead deposits—The Metal Bulletin for 
the 2nd November, 1926, quoted some figures, prepared 
by Mr. W. Lindgren, which give food for thought. In 
spite of a world production amounting to about 
1 600 000 tons, the existing mines are said to be barely 
able to supply the demand. 

Lead is practically absent from a great part of the 
world. There is practically no lead in South America 
or Asia, excluding Burma. Spain and Mexico each 
produce 130000 to 140000 tons per annum, while 
Canada produces about half that amount. 

The total production of the United States is about 
500 000 tons per annum, of which the Mississippi Valley 
produces about half. 

Mr. Lindgren foresees no great increase of production 
unless under the stimulus of advancing prices, and as, 


VoL. 66. 


The quantity of sulphuric acid used in accumulators 
in this country during the past 7 years may be of 
interest. The figures have been supplied by the 
National Sulphuric Acid Association. 


Year Tons of 70 per cent acid * 
1920 3 818 
1921 3 431 
1922 3 442 
1923 3 600 
1924 5 328 
1925 6 147 
1926 5 955 


Cost of raw materials.—The cost of batteries must 
naturally bear some relation to the raw materials 
incorporated in them. 

Prior to the War the variations in the price of lead 
were small enough to justify the battery manufacturers 
in entering into long-period maintenance contracts on 
a flat rate. A study of the curve of prices (Fig. 12) 


P s is equivalent to acid of 1-500 specific gravity. As the acid used in 
t accumulators has a specific gravity of about 1-200, the above figures 
should be doubled to obtain approximate working figures. 
31 
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shows what happened. From £9 per ton (the price in 
1894), lead was standing at £15 10s. a ton in 1914. 
For the greater part of the War period, lead was con- 
trolled at £29 per ton net. Subsequently the price soaréd 
to a maximum of £52 7s. 6d. in 1920, and the lowest 
price since then was £19 in 1921. 

The price of lead automatically fixes the price of 
lead oxides at an increase of about £13 per ton. 

Antimony—employed to a considerable extent in 
battery plates and accessories—has also fluctuated 
widely in price in recent years. The lowest price during 
the present century was £25 10s. per ton in 1903. 
Wars in the Far East caused the price to soar to £135 
in 1906. During the War the price exceeded £200. 
The normal post-war price of antimony has been about 
£75 per ton. 

Battery position in various countries —To gauge the 
extent to which batteries are at present in demand, 
the inquiries received by the battery makers may 
perhaps be accepted as a fair criterion. On this basis 
there appears to be a healthy world demand for new 
batteries. Just as the enormous capital vested in gas 
undertakings doubtless accounts for the tenacious hold 
this form of lighting and heating retains, despite the 
admitted superiority of electricity, so no doubt numbers 
of batteries now in use are retained because they are 
too costly to scrap. Many central-station batteries 
are still under maintenance by the battery makers, 
and others are kept in service for the period of the 
existing plates, although serving quite a different 
purpose from that for which they were first installed. 

It is not intended that this paper should be regarded 
as applicable to this country only, but that it should be 
helpful to members of the Institution all over the world. 

In France an intensive effort has been made to 
harness the available water power, and nearly all new 
schemes employ alternating current. There still exist, 
however, quite a large number of towns which continue 
to employ direct current. In France, as in other 
countries, engineers engaged in the distribution of 
alternating current have had to consider the installa- 
tion of stand-by batteries in the event of breakdowns. 
Attention has also been directed to the installation of 
batteries on consumers’ premises where the difference 
in the charge for electricity over certain periods of the 
24 hours has indicated an appreciable saving by charging 
up a battery for use during peak periods. 

In Germany the use of stand-by batteries has become 
well established. In Berlin alone there were at the 
end of 1925 at least 16 substations with a total storage 
capacity of about 54000 kWh at the l-hour rate of 
discharge. These batteries are not solely for stand-by 
purposes as they are discharged daily on the morning 
peak to an extent in winter of about 30 000 to 40 000 kW 
for 30-40 minutes. Since the above figures were 
obtained it is understood that additional batteries 
installed have brought the available storage capacity up 
to 78 000 kW. 

In Italy, it is interesting to note that in certain 
cases where batteries had been discarded, such as at 
Rome and Milan, it has been deemed advisable, on 
account of the inconvenience resulting from their loss, 
to re-establish them. 


In America, stand-by batteries have long been 
established, the numbers per city ranging from 1 to 
nearly 50. 

In Holland, alternating current is almost universal 
in the supply stations, only 5 towns retaining direct 
current. Peak-load batteries still in service will not 
be renewed, but in all the stations batteries are employed 
for pilot lighting, switch control, and in some cases 
for reserve excitation of the a.c. generators. The 
supply is in the hands of the municipalities, and although 
breakdowns seldom occur there are no penalties for 
failures. 

In Norway all power stations are State-controlled. 
In 1914 the number of such installations was 1 427, of 
which 146 had batteries with a total kWh capacity 
of 19 833, compared with a total generator capacity of 
560 406 kW. The figures for 1925 were 2763 power 
stations, of which 228 had batteries, but the total kWh 
battery capacity was 18 900, compared, with a total 
generator capacity of 1 525 147 kW. 

Norway has developed her vast water resources for 
generating electric power. All the railways use alter- 
nating current, while the tramways employ direct 
current at 500 volts. The State or municipalities dis- 
tribute 90-95 per cent of the electricity in Norway, 
hence failures involve no penalties. 

In Denmark, in common with other northern- 
European countries, the public supply has mainly been 
on the d.c. 3-wire system (220 V—0-220 V). The tendency 
is gradually to convert to alternating current, but, in 
view of the heavy expense involved, it is anticipated 
that many years will elapse before the transformation 
will be completed. 

In Copenhagen and the larger Danish towns, several 
linked transformer stations are supplied in bulk from 
one or more main generating stations transmitting 
alternating current. No penalties for a break in con- 
tinuity of supply are in force, but it is customary to 
have a battery in each of the transformer stations, and 
the existing batteries will not necessarily be scrapped 
when worn out. For instance, at the Hortensia station 
of the Frederiksberg Corporation the existing battery 
will be replaced in 1928 by a new battery having a 
capacity of 4 200 ampere-hours in 1 hour at 440 volts. 

In India, the latest statistics available in regard to 
supply undertakings give the total generating plant 
installed as—direct current 38800 kW, alternating 
current 176600 kW. The trend in public supply is 
high-tension a.c. generation and transmission right up 
to low-tension feeders. Batteries in such stations are 
used only for switchgear operation, pilot lights, etc. 
In case of breakdown spare sets are started up. Bat- 
teries are not used as stand-by plant. 

At the same time, batteries used for operating switch- 
gear, etc., are becoming larger owing to the demand for 
bigger switch units necessitated by larger plant being 
centralized in thickly-populated areas. 

There are no penalties for breakdown in continuity 
of supply, except where agreements have been specially 
entered into between large users, such as a railway 
with an electrified suburban line and the undertaking 
which supplies the current. 

This still leaves a large market open for battery sales, 
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owing to the number of private installations, palaces, 
houses, clubs, hospitals, hotels, tea gardens, etc. 

The position in Australia has been fully investigated. 
Mr. Tait, of the Electrical Engineer, Melbourne, reports 
that the Commonwealth Engineering Standards Associa- 
tion has recommended that the standard system of supply 
in Australia be alternating current at 400/230 volts, 
50 cycles. 

Practically all new plants being installed in country 
towns in Australia are for alternating current, the 
exception being those of under 25 kW capacity, and 
even in these provision is made for changing over at a 
later date. 

In most supply undertakings provision against 
breakdown is made by having a stand-by generating 
set. This arrangement proves quite satisfactory. So 
far as the author can ascertain, there are no penalties 
attached to a break in the continuity of public supply, 
though in the case where an undertaking supplies a 
tramway authority there are penalties. In the latter 
case the undertaking usually supplies alternating 
current to the tramway authority’s convertor stations. 
Some tramway authorities employ batteries of sufficient 
capacity to run the trams into the depots should a 
failure of power occur. There is certainly no compulsion 
to use batteries by either electricity supply or tramway 
undertakings. 

There is no doubt that in Australia the War precipi- 
tated a policy of changing over from direct to alter- 
nating current. The various supply undertakings who 
generated direct current had extreme difficulty in 
obtaining battery spares during the War and, as 
locally-made renewal plates were not a great success, 
batteries were discarded in most of the country towns. 

It is also suggested that the prohibitive Customs 
tariff on imported batteries has influenced the policy 
adopted. It is interesting to note that, in the past, 
lead has been brought over from Australia to Europe 
and has been returned to Australia from Europe as 
storage batteries. 

Batteries are extensively used throughout Australia 
for telephone and telegraph operation. 

In New South Wales the demand for batteries is con- 
sidered to have reached saturation point. During the 
past 6 or 7 years practically all the new town-lighting 
schemes installed have been on the alternating-current 
system. None of the supply undertakings in New South 
Wales has undertaken penalties for interruption of 
supply, so the compulsory use of batteries has not been 
considered. 

In Sydney large batteries are in service for supplying 
the city area, but outside a 1-mile radius the whole of 
the reticulation is on the alternating-current system. 

In Queensland it has not been possible for many 
years to obtain a franchise for private companies for 
town supply, and the municipal suppliers are not subject 

to any penalties. 

There is a definite trend throughout the country to 
install a.c. plant, and in cases where direct current is 
employed for distribution the light night-load is not 
taken by batteries but by small crude-oil direct-coupled 
sets running unattended. 

In Brisbane it is anticipated that it will take many 
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years to change over the existing load from direct to 
alternating current, owing to the cost of changing over 
all the lifts and motors installed. 

In Western Australia it is not anticipated that there 
will be any future demand for batteries in connection 
with electric lighting supply stations. These are all 
alternating-current and the practice is growing very 
rapidly of installing small direct-coupled crude-oil 
engine sets, which run automatically from 11 p.m. to 
6 a.m. A sidelight on this practice is that the very 
high wages in Australia make it imperative to dispense 
with night shifts, if possible, as an engineer in charge 
at night has to be paid £6 10s. per week in Western 
Australia. 

In Victoria all electric supply stations are under 
the control of the State Electricity Commission of 
Victoria. The Commission operates the Yallourn 
power station situated on the brown coalfields of 
Morwell, about 100 miles east of Melbourne, and dis- 
tributes thence in all directions. 

Isolated country supply stations under permits from 
the Commission supply alternating current, the prime 
movers in most instances being suction-gas or crude-oil 
engines, with no provision against interruptions in 
supply. 

Country towns in Victoria still using direct current 
have installed small gas engines for all-night running, 
such engines usually being operated unattended and 
drawing their gas supply from large gas producers. 

The remarks in regard to Victoria apply to Tasmania, 
but the controlling party is the State Hydro-Electric 
Department, High-tension mains run from Hobart to 
Launceston, and along the North-West Coast as far as 
Burnie. Practically all towns on the route have 
changed over to alternating current. * 

In New Zealand the Government are building and 
linking up power stations, utilizing the main rivers 
throughout both islands. The supply throughout is 
alternating current at 230 volts, three-phase. Batteries 
are employed for switch operation, and emergency 
lighting and power in the stations. 

As the main stations are owned by the Government, 
no penalty is attached to failure of supply, but break- 
downs are now guarded against by duplication of lines 
and by reserve plant, and, in addition, the original prime 
movers are retained as stand-by in the various towns, 
and the various power boards are required to maintain 
their own plant. The importance of this is obvious: 
for instance, during the continued weather in the 
summer of 1926, the Government station at Mangahao 
was not able to supply all the power required by 
Wellington, and this necessitated running the steam 
plant at Evans Bay. 

An increased demand for telephone batteries has 
been created by changing from manual to automatic 
telephone service. 

Copies of the questionnaire referred to in the section 
of this paper entitled “ The Future Aspect as Regards 
Stationary Storage Batteries ” (see page 472), were circu- 
lated to some of the principal municipal undertakings in 
South Africa, and also to the Electricity Supply Com- 
mission (Union of South Africa). 

The Commission supply power from Witbank, 
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Colenso, Salt River and Sabi River power stations, 
serving various areas, including Witbank (15 miles 
radius), 170 miles of electrified railway, the towns of 


Glencoe, Ladysmith, Estcourt and various Cape rural 


areas and gold mines. 
The supply is three-phase throughout, except that 


traction substations deliver direct current to overhead . 


trolley wires at 3 000 and 1 500 volts. 


Batteries are used in all the power stations for the- 
operation of electrically remote-controlled switchgear and | 


for emergency lighting. 

The Commission's view is that the failure of feeders 
would interrupt supply whether the system were a.c. 
or d.c. The switchgear and protective measures are 
arranged to permit of isolating faulty sections or 
machines. No penalties are attached for break in con- 
tinuity of supply, since the Electricity Act prescribes that 
the Commission's undertaking ‘‘ shall as far as prac- 
ticable be carried on neither at a profit nor at a loss.” 

The Victoria Falls and Transvaal Power Co., Ltd., 
supply in bulk to seven municipalities, but the 
Germiston municipality is the only one in which the 
company undertakes the reticulation. Bulk supply is 
provided in duplicate to meet emergency. The power 
company is liable to a penalty of 7s. per 100 kW per 
hour in the event of complete stoppage of bulk supply. 

The Port Elizabeth municipality report that stand-by 
batteries are employed by compulsion, although dupli- 
cate turbine plant is provided to meet emergencies. 

Mr. R. A. Young, the town electrical engineer of 
Bulawayo, reports that alternating current is almost 
universally used in Rhodesia, for both mining proposi- 
tions and town distribution, the exceptions being 
smaller towns, where the premises served are mostly 
compact within the area, also for train- and camp- 
lighting and isolated farms. At Bulawayo there is no 
penalty for break in continuity of supply, but spare 
plant is provided to meet emergencies. This is cor- 
roborated by Mr. Baskerville, town electrical engineer of 
Salisbury, who explains that the municipal station has 
recently been converted from direct to alternating 
current, but at present no provision is made for meeting 
emergencies in the event of failure of supply, and no 
‘penalties are attached for such failures. _ 


THE FUTURE ASPECT AS REGARDS STATIONARY 
STORAGE BATTERIES. 


Ten years ago, when the author submitted his paper 
on storage batteries to this Institution, he was requested 
to add to it a forecast of the future of storage 
batteries. Anticipating a possible similar request, the 
author has submitted.a questionnaire to a number of 
representative battery users in this country, and the 
replies of all those who responded are tabulated in an 
appendix. 

Some abstracts from the discussion * on the recent 
paper entitled, ‘‘The Design of City Distribution 
Systems and the Problem of Standardization,” read 
before the Institution by Messrs. Beard and Haldane, 
are also reproduced, as they bear very directly on the 
matter and are the views of people outside the battery 
industry. 
| * Journal I.E.E., 1927, vol. 65, p. 112. 


Storage batteries will be in wide demand for innumer- 
able purposes for many years. New applications are 
continually arising, and no equally reliable stand-by 
source of electrical energy is at present known. 

There are certain classes of installation in which 
continuity of supply is essential, such as hospitals, 
banks, cinemas, and any buildings in which the possi- 
bility of panic exists. A breakdown which occurred in 
a city in the North of England on the first day of the 
New Year sale season was alleged to have caused 
thousands of pounds’ loss to the unfortunate stores 
proprietors depending on a municipal supply. 

Opinions may differ as to the extent to which 
expenditure should be incurred to secure continuity of 
supply, but there can surely be no disagreement as to 
the importance of curtailing the period of a breakdown, 
if one should occur, to an absolute minimum. 

The author is in a position to gauge the trend of 
policy amongst consulting engineers and electricity 
supply engineers, and this is definitely towards the 
running of the supply-station power auxiliaries from a 
d.c. supply and the installation of storage batteries of 
adequate capacity to carry the station power load for a 
period varying from 20 minutes to 1 hour. This 
ensures an unfailing supply of power for maintaining 
the circulating water supply, operating overhead 
cranes, a proportion of the boiler stoker motors, switch 
control, and, of course, the essential pilot lighting. 

In the preparation of this paper, the author has 
been placed under an obligation to very many engineers 
at home and abroad, which he gratefully acknowledges 
here. Special thanks are due to Col. Purves, Capt. 
Lucas and other members of the technical staff of the 
Post Office, also to Major Montgomery, Mr. Bailey, 
Mr. Bell-Walker and Mr. Eustace Thomas. 


APPENDIX. 


The following opinions were expressed during the 
discussion on Messrs. Beard and Haldane’s paper * : 

“ Several times when, owing to severe a.c. disturbances, 
the rotary convertors have tripped out, the supply has 
been maintained by the batteries during the few minutes 
necessary to resume the normal supply. I feel that 
reliability is the first essential in connection with a city 
supply.’’—R. A. Chattock. 

“I duly recognize the advantages with regard to 
direct current from the use of batteries, but with the 
growth of the systems it is not possible to have effective 
recourse to batteries.” —C. P. Sparks. 

“ I agree with Mr. Chattock that many of our larger 
cities and areas are financially so deeply committed to 
the d.c. systems that it would not be worth while to 
change over to the a.c. system.”-—-S. J. Watson. 

“ The continuity of supply of light is of more supreme 
importance than anything else, but its bulk is insig- 
nificant. Therefore let it be done by direct current in 
cases where the consumers are ready to pay for special 
mains.’’—A. M. Taylor. 

‘It is quite obvious that it is impossible to con- 
template changing existing d.c. networks of any 


* Loc, cit, 
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magnitude over to a.c. supply. In my opinion there j 


is no object in doing so, as the advantages are all in 
favour of retaining the existing d.c. supply. In 
important shopping areas it is imperative to reduce to 
the minimum the possibility of a failure of supply. 
The use of large batteries must necessarily reduce the 
risk of such a failure.'”-—-G. Rogers. 

*“* Most large cities of the world have installed and 
continue to use a d.c. system. . . . The continuity of 
‘supply can be further safeguarded with this system 
by the use of storage batteries. In the central city 
areas, where even a temporary interruption would be 
very serious, the expenditure on batteries for this 
purpose can be fully justified.” —F. Forrest. 

“I am very doubtful whether, for the congested 
areas of our cities, alternating current is as good as 
direct current, on the ground of reliability of service. 
Direct current has the great advantage in such areas 
that batteries can be used as a stand-by.”—C. C. 
Garrard. 

QUESTIONNAIRE. 

The answers of representative battery users in this 
country to the following list of questions will be found 
below. 


(1) Total capacity of batteries installed. 

(2) Primary object of batteries. 

(8) General application of batteries. 

(4) Have the batteries served their object ? 

(5) Are the batteries maintained by contract with 
the makers ? 

(6) If no such contract is in force, would a main- 
tenance scheme further the installation of 
additional battery power ? 

(7) Is the continued use of batteries justified on the 
ground of— 

(a) Utility ? 
(b) Security ? 
(c) Economy ? 
(8) Is the installation of batteries for stand-by 
purposes likely to become more general— 
(a) In generating or substations ? 
(b) On consumers’ premises ? 
(9) Special remarks (if any). 


REPLIES OF REPRESENTATIVE BATTERY USERS TO 
ABOVE QUESTIONNAIRE. 
Glasgow Corporation. 
(1) 3 490 ampere-hours. 
(2) Emergency lighting. 
Excitation and switchgear operation at Dalmarnock ; 
excitation at Port Dundas. 


(7) (a) Yes. 

(b) Yes. 

(c) No. 

(8) (a) No. 

(b) No. | 
(Signed) R. B. MITCHELL, 

Engineer and Manager. 


Liverpool Corporation. 


(1) 23 048 ampere-hours (1 hour at 480 volts). 
(2) Dealing with peak loads. 
(3) Peak loads, also in cases of emergency. 
(4) Yes, undoubtedly. 
(5) No. 
(6) No. 
(7) (a) Yes. 

(b) Yes. 

(c) Yes. 
(8) (a) Generating, yes ; substation, no.* 

(b) No. 

(Signed) H. DICKINSON, 
City Electrical Engineer. 


Hull Corporation. 


(1) 8 000 ampere-hours (5 hours). 

(2) Stand-by. 

(3) Disconnected from bars but immediately available 
by means of remote-controlled circuit breakers. 

(4) Yes. 

(5) No. 


. (6) Yes. 


(7) (a) Yes. 
(b) Yes. 
(c) Doubtful. 

(8) (a) See below. 

(b) Depends entirely on their size. 

(9) At present it is not at all clear for general distri- 
buting purposes whether direct current will be 
the character of supply in the future. . . . There 
appears to be a distinct tendency on the part of 
the Electricity Commissioners . . . to recommend 
and possibly later to enforce the distribution of 
3-phase current. This procedure will become a 
standard system, with consequent curtailment of 
operation on the d.c. system no matter in what 
area, until eventually existent d.c. down-town 
areas are attacked and entirely converted. 
Assuming that d.c. supply in large areas has a 
future for the next 10 or 20 years, 1 hold the 
opinion that inasmuch as the importance of the 
supply in such areas must grow from day to day, 
any steps which can be taken to secure immunity 
from breakdown and continuity of supply are 
justifiable so long as the cost of the same is not 
too excessive. In the area for which I am 
responsible we have adopted the practice of 
choosing salients of great difficulty and equipping 
them with storage so as to minimize the disaster 
occasioned by stoppage of supply. In my opinion 
the future of batteries is intimately allied to the 
question of their capital cost. 1 hold the opinion 
that the correct position for batteries is at the 
point of use, viz. the consumers’ premises, but as 
it is in every case obviously impossible to place 
them in such position they must of necessity be 


è In view of the general adoption of alternating current, this is unlikely. 
The battery in the main power station at Lister Drive is floating across the d.c. 
bars and is used only as an emergency battery for auxiliary plant and not for 
peak-levelling at all. As the a.c. supply is adopted more generally and the d.c. 
districts are changed over, the use of batteries in substations will be discon- 
tinued in general, but it will probably be a long time before many of the town 
substations are completely changed over, and the batteries installed in them 
will probably be required for many years, 
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fixed at the next nearest suitable site, i.e. in 
substations. I am, in general, in favour of d.c. 
supply, realizing that it has—on general grounds— 
a number of inherent advantages absent from 
other systems. 
(Signed) H. BELL, 
City Electrical Engineer. 


Birmingham Corporation. 


‘(1) 25 000 ampere-hours (1 hour). 

(2) (a) Steadying the pressure. 

(b) Stand-by in case of emergency. 

(c) Greater balancing capacity. 

(d) Light load discharge. 

(3) Most of the batteries are connected across the 
3-wire busbars of our lighting and power supply 
switchboards in the principal substations. They 
are also used for trip-circuit purposes and for. 
stand-by exciter purposes at the generating 
stations. 

(4) The expenditure upon these batteries has been fully 
justified. They have satisfactorily achieved the 
objects given in (2) above. 

(5) Five of the smaller batteries are still maintained 
by the contractors, and the others are maintained 
by the department. 

(6) No, we much prefer to maintain the batteries 
ourselves. 

(7) (a) Yes. 

(b) Yes, particularly in the central area of large 
cities. 

(c) Owing to the present high cost of batteries it is 
doubtíul whether they can be justified on the 
score of economy alone. 

(8) (a) In generating stations or substations supplying 
heavily loaded d.c. network, where continuity 
of supply is of the utmost importance, the 
installation of a large battery can be fully 
justified. 

(b) Except in very rare cases there is no likelihood 
of batteries being installed on consumers’ premises. 


(Signed) R. A. CHATTOCK, 
City Electrical Engineer. 


Manchester Corporation. 
(1) City stations 11 700 Ah at 420 V (lighting) 


3 960 Ah at 530 V (traction) 
Stuart Street 1400 Ah at 420 V (lighting) 


Barton 860 Ah at 240 V (station lighting) 
, Barton... 210 Ah at 240 V(switchgear control) 
Total .. 18130 Ah 
(2) As above. 


(8) The large lighting battery was originally installed 
at Dickinson Street for the purpose of load- 
levelling in conjunction with steam-driven 'd.c. 
generators. It is now used only for stand-by 
and emergency purposes. The traction battery 
at Bloom Street deals with peak loads and all- 
night car service. The battery at Stuart Street 
was used originally for balancing on a 3-wire 


network, as a stand-by for station lighting and 
excitation stand-by purposes. It is now used as 
stand-by for station lighting and switchgear 
control. The Barton batteries provide emergency 
stand-by for station lighting and switchgear 
control. 


(4) The installation of the various batteries has been 


amply justified, although later development in 
operating conditions has changed and limited 
their application, as indicated under (8) above. 

(5) The traction battery at Bloom Street is the only 
one now under a maintenance contract. 

(6) The maintenance contract has the advantage of 
giving the user a clear idea of the expenses 
involved. 

(7) (a) The principal claim under this heading is the 
ever-ready means afforded by a battery for imme- 
diate service. With the present trend of develop- 
ment very few instances now occur where 
advantage can be taken of the battery for the 
night load. 

(b) Yes. For station lighting and electrically- 
operated switchgear in large power stations and 
substations, a battery is essential. For a d.c. net- 

- work supplying important areas, a battery is 
desirable, but its application is limited by the 
high capital cost involved. 

(c) No claim can be made for economy owing to 
the high capital cost of large battery installations 
required to meet present-day conditions. The 
need for load-levelling has become much less 
important, due to: (i) The magnitude of the 
load and the capacity of the running plant to 
deal with any normal variation, and (ii) improved 
steam consumption of “ peak ” load units, and no 
corresponding improvement in battery efficiency. 

(8) (a) Installation of batteries in power stations will 
be a standard equipment for stand-by to station 
lighting and switchgear control, and that will 
apply also to large and important substations. 
The use of other batteries in substations will be 
limited for stand-by emergency purposes in the 
more important d.c. network such as the centre of 
a city, but, with the change from d.c. distribution 
to a.c., which will eventually take place, the 
demand for battery stand-by will disappear. 

(b) Batteries have not been installed on consumers” 
premises in the Manchester area. 


(Signed) H. C. LAMB, 
Chief Engineer and Manager. 


Salford Corporation. 


(1) (a) 225 cells, 5 400 ampere-hours (10 hours). 
(b) Two sets each 106 cells, 2500 ampere-hours 
(7 hours). 
(c) Four sets of 17 cells, 60 ampere-hours (10 hours). 
(2) (a) Emergency supply on the d.c. lighting and 
power system so far as the capacity will allow 
at 460 volts. A connection to the middle point 
allows the battery to be used for emergency 
purposes at Frederick Road power station (switch 
operation, lighting and middle-wire connection). 
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(6) These two batteries are at Agecroft power 
station, kept in-reserve for emergency auxiliary 
plant operation and lighting at the power station. 

(c) Switch operation at substations. 

(3) As in (2) above. 
(4) So far as the primary object of the batteries as 


described above is concerned, they have served- 


their purpose. 

(5) Maintenance contract now terminated. Modified 
inspection contract to be substituted. 

(6) There is a good deal to be said in favour of a 
maintenance scheme from a central station point 
of view, but I do not think that such a scheme 
‘would influence or further the installation of 
additional battery power, as I consider that 
depends entirely on the usefulness of such a 
battery in actual operation. 

(7) (a) Where the batteries are used purely for operating 
purposes or as stand-by for auxiliary plant, or 
for testing purposes, they are undoubtedly of 
great utility. In the case of a large battery 
used for supply purposes, the utility rather 
depends upon the condition. 

(b) The feeling of security with batteries for switch 
operation or stand-by auxiliary plant, auxiliary 
and similar purposes, is beyond question, but here 
again, in connection with large batteries for supply 
purposes, this depends upon the conditions. We 
certainly feel happier when we are sure that our 
large battery at Frederick Road is behind us for 
supply purposes up to its capacity. 

(c) In large supply systems the question of using a 
battery for economical supply purposes scarcely 
arises, and it would appear that it would only 
apply in the case of comparatively small under- 
takings. | 

(8) It would appear, from our experience at Salford, 
that the installation of batteries in large generating 
stations or substations in the future will probably 
be confined to those for operating or auxiliary 
plant purposes, and, with regard to consumers” 
premises, 1 can hardly imagine any general or 
even modified use in that direction. 


(Signed) S. J. WATSON, 
City Electrical Engineer. 
Cardiff Corporation. 


(1) Three batteries totalling 5750 ampere-hours (10 
hours). 


(2) One in use at the power station for emergency 


lighting and operation of main switchgear. Two 
other batteries in use at rotary substations. 

(3) Batteries are used for stand-by purposes and to 
some extent at times are used to reduce peak 
loads. 

(4) The batteries have served their purpose, and now 
- the system has grown so large the use for stand-by 
purposes is not so great. In the case of one 
substation, the battery capacity is proportionately 
large compared with the total actual load on the 
substation, and therefore in this case it is of 
great value for the greater portion of the year. 
In the case of the other substation dealing with 


the load in the centre of the city, the most we 
can expect in the case of a total shut-down 
during the heavy shift in winter time is that we 
can keep a proportion of certain important 
feeders going. 1 have found that in the case of 
network faults outside, the batteries assist to 
clear the circuit and so enable the rotary plant to 
hold in. 

(5) For a number of years we had a maintenance con- 
tract, but the makers withdrew this when times 
were difficult, and we have since set up a main- 
tenance fund to which we contribute annually 
approximately 50 per cent above the old main- 
tenance agreement rate. We make a point, 
however, of arranging for regular inspection by 
the makers so as to obtain independent opinion, 
and always carry out any work they may 
recommend. 

(6) I do not think a maintenance scheme would further 
the installation of additional batteries except, 
perhaps, in those cases where people have had no 
experience and feel rather doubtful about the 
whole matter. Some maintenance and renewal 
must naturally be looked forward to, and makers 
would, no doubt, give a figure to clients and 
they could start a fund as we have done, with 
the addition of the regular inspection. I have 
never found makers take advantage of such a 
scheme and recommend renewals which were not 
essential. 

(7) Isolated small undertakings are still putting down 
d.c. plant and in such case one can, at any rate 
in the initial stages, fully justify the battery on all 
three grounds. In larger stations, if d.c. supply 
is now being given through rotary-convertor sub- 
stations, I am of opinion that whilst d.c. distri- 
bution may be maintained for very many years, 
present substation capacities will be limited and 
therefore extensions to the battery not justified, 
but I certainly feel that where they are already 
installed there will be reluctance to scrap them. 

(8) I am definitely of the opinion that the installation 
of batteries for stand-by purposes is not likely 
to become more general, based on the present 
high standard of continuity of supply. Bulk 

- supplies, which will obtain sooner or later with 
the provisions of the 1926 Act, will certainly 
have to be more reliable than many are to-day. 


(Signed) C. G. MorLeY NEw, 
City Electrical Engineer. 


Newcastle-upon-Tyne Electric Supply Co., Lid. 


(1) 4 780 ampere-hours (1 hour). 

(2) 8 stand-by batteries. 
6 exciter batteries for power stations. 
21 E batteries. 


(3) 

(4) Yes. 

(5) No. All the batteries are regularly inspected by 
the makers under an inspection agreement. 

(6) A maintenance scheme, if properly carried out by 
the makers, would tend to make storage batteries 
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more acceptable to users who have not sufficient 
batteries to warrant the regular employment of 
| skilled battery fitters. 

(7) The continued use of batteries under modern con- 
ditions of supply is likely to decrease, mainly 
because of the increasing application of a.c. 
supply for domestic and industrial purposes. 
In view of the tendency to change over d.c. 
networks to a.c. and the consequent reduction of 
labour costs for substation operation and mains 
maintenance, stand-by batteries will not be 
required for networks. Batteries will continue 


to be installed in modern power stations for 


exciter and auxiliary purposes, but the capacity 
will not necessarily increase in proportion to the 
size of such power stations. As the linking up of 
power stations proceeds, small independent power 
stations will not use batteries for traction load 
nor for d.c. networks, even though the batteries 
had originally been installed either for the purpose 
of securing continuity of supply or for improving 
the load factor. 

(8) (a) No. 

(b) Not unless the cost of installing and main- 
taining a storage battery is less than that of 
providing a duplicate supply. 

(9) So far as I can see in looking into the future, 
there cannot be the demand for large storage 
batteries there has been in the past. It may 
be true that in the City of London and other 
large centres direct current will continue to be 
used because the cost of changing over to a.c. 
supply would probably not be justified. The 
same difficulty exists in the United States in 
such places as Chicago, Detroit and New York, 
but even there all future development work is on 
a.c. lines. 

(Signed) J. CUSWORTH, 
Engineer, Operation Dept. 


St. James's and Pall Mall Electric Light Co., Lid. 


(1) 2000 kW. 

(2) Security of supply to emergency busbars to which 
are connected certain important consumers and 
internal circuits. 

(3) Batteries normally float on line. 

(4) Yes. 

(5) No. 

(6) No. 

(7) (a) Yes. 

(b) Yes. 
(c) Yes. 

(8) (a) In our opinion there will always be a steady 

demand for batteries. 
(b) No. 

(9) We have found our batteries particularly effective 
in limiting the amount of plant lost from line 
due to momentary disturbances of d.c. pressure. 
This is mainly the case when synchronous and 
asynchronous motor-generating plant is working in 
parallel. 

(Signed) W. ROWLAND, 
Joint Chief Engineer. 


Edmundson’s Electricity Corporation, Ltd. 


(1) 42 batteries, total capacity 29000 ampere-hours 
(10 hours). 

(2) To carry light-load period without running plant. 

(8) As (2), and to assist over peak load. 

(4) Yes. 

(5) No. l 

(6) Only if it reduced cost of maintenance. 

(7) Yes, so long as loads can be carried by batte.y or 
until bulk supply is available. 

(8) (a) No. 

(b) Possibly in exceptional cases. 

(9) The use of batteries will gradually disappear in 
our undertakings. When bulk supply becomes 
available, the system will be changed from d.c. to 
a.c. and the batteries will be scrapped. There 
may be a few special cases where continuity of 
supply is of such importance that consumers will 
install a battery, but in our undertakings suck 
cases will be very exceptional. 


(Signed) A. N. RYE, 
General Manager. 


London, Midland and Scottish Railway Co. 
(1) 27 200 ampere-hours. 


(2) (a) To relieve power station of heavy short-time ' 


overload and improve the load factor. 

(6) To relieve substation machinery of heavy 
momentary overloads. 

(c) To maintain the voltage to the conductor rails 
within closer limits. 

(d) To provide a stand-by supply for a short period, 
enabling trains to get to their destination in 
event of failure of the e.h.t. supply. | 

(e) To enable small loads in early morning hours 
to be dealt with without requiring the running 
of converting machinery at low loads. 

(f) To enable smaller rotaries and e.h.t. mains to be 
used. 

(3) As (2) above. 

(4) Yes. 

(5) In general—no. 

(6) No. 

(7) This has to be decided on the particular circum- 
stances involved and the relative cost of batteries 
and their maintenance and of converting machi- 
nery, the output and capacity of the power 
station and substations and the nature of the 
service generally. 

(8) Generally speaking, at the pred time with the 
high prices ruling for batteries and the advent 
and growth of automatic substations, the tendency 
will be to reduce the number of batteries employed 
rather than to increase it. 


In a few cases—yes. 


(Signed) F. A. CORTEZ LEIGH, 
Electrical Engineer. 


Mr. J. A. Robertson. 


== 
(2) Reliability. 
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(8) Operation of power station auxiliaries and, in | Mr. J. S. Highfield. 


special cases, substation on d.c. traction and 
lighting systems. 

(4) Yes. 

(5) No. 

(6) No. 

(7) Yes, where conditions are suitable. 

(8) (a) No. 

(b) No. | 

(9) On the general question, I think that the use of 
batteries will be confined in future to small 
private installations and for the operation of 
auxiliaries in power stations. The tendency is 
to change over to a.c. distribution, and with the 
interconnection of generating stations and the 
widening of distribution areas, there does not 
seem to be a field for the employment of batteries 
on the distribution system proper. There will, of 
course, always be special cases where a battery is 
a necessity for providing stand-by and improving 
the load factor of a particular district. This will 
be a passing stage, however, in the development 
of electricity supply. On the other hand, I 
have been strongly of opinion for some time that 
power station auxiliaries should not be entirely 
dependent on the a.c. system and that the use 
of batteries is justified as a stand-by to provide 
power for auxiliaries. 


(Signed) J. A. ROBERTSON. 


(9) During the last 5 years the only batteries I have 
installed are (1) for private-house lighting with 
independent plant, and (2) in power stations to 
provide perfectly secure supply of electricity for 
emergency lighting and power and for working 
relays and the like. Batteries form, in my view, 
the least expensive method of providing means 
for starting up a power station when, through 
any accident, the main plant is entirely shut 
down. For this purpose, batteries have amply 
fulfilled their duty at moderate cost. None of 
them has been maintained under contract, and I 
doubt if, for this purpose at least, a maintenance 
scheme would further the installation of battery 
power. On the other hand, for the private 
user a maintenance scheme, provided the charges 
were not too high, might be of considerable value. 
Some years ago I installed in London substations 
a number of very large batteries, and they amply 
fulfilled their purpose at the time. At the 
present time any enlargement of battery plant 
for substation work has ceased. In fact the 
tendency is rather to avoid replacing batteries 
when they are worn out, the reason being mainly 
the cost of the batteries and of providing space 
in dense areas for their economical installa- 
tion. 

(Signed) J. S. HIGHFIELD. 


DISCUSSION BEFORE THE INSTITUTION, 5TH JANUARY, 1928. 


Colonel R. E. Crompton: I am perhaps in a better 
position than others to know what is going on in other 
countries, and I think that the continuity and quality 
of the electricity supply in London and in our other 
large cities compare favourably with those of the rest of 
the world. I am sure everyone will agree with me in 
thanking the author for bringing forward this question 
of the use of accumulators for electric supply and for 
giving us the replies to his questionnaire which affords 
information at a time when, for causes which I need 
not here discuss, there have recently been several serious 
interruptions of supply in the London district. But the 
recent failures of high-pressure supply have shown us 
that where accumulators are still in use the inconvenience 
to the public has been minimized. When I first received 
this paper, I wrote to several of the London engineers, 
and the replies which I received corroborate what the 
author has said and convince me that those who think 
that accumulators should be scrapped are making a 
great mistake. There are fashions in electrical engineer- 
ing, and it has unfortunately been the fashion for the 
younger engineers to think that everything must yield 
to the one question of economizing the copper necessary 
in the distribution mains, by bringing the a.c. supply 
at a high pressure to a point as close to the user as 
possible. But I hope that members realize that we 
should never have developed electric supply as we now 
have it, if we had not used during the early stages 
accumulators in parallel with direct-current generators, 
for during the early stages the confidence of the public 


in the continuity of supply was all-important. The gas 
companies were then in complete possession and we had 
to win from them the territory of London and other 
large towns. We did win through and our accumulators 
were a great help to us in doing this. I do not propose 
to discuss those parts of the paper relating to care 
and upkeep of accumulators, other than to say I am in 
general agreement with the author. Thirty years ago the 
companies with which I am still connected used in their 
annual accounts to depreciate the accumulators at a 
high figure, but this figure has been gradually reduced 
until it has now reached practically 2 per cent per 
annum. I notice the author’s description of the attempts 
that have been made to deal with the reserve supply by 
accumulators to premises where a failure of the light 
might be really dangerous, such as places of public 
entertainment, crowded halls, hospitals, etc. In these 
cases the London County Council’s Regulations demand 
that there should be alternative sources of supply and, 
in cases where these requirements have not been com- 
plied with, serious results have occurred. It appears to 
me, therefore, that we must very carefully study the 
various automatic schemes that have been developed 
by the Austin Company and others, whereby batteries 
of accumulators can be placed locally and brought into 
operation automatically, and I think that we supply 
company engineers ought really to address our minds 
to methods by which a supply from accumulators can be 
furnished where continuity is of supreme importance. 
I now wish to mention a constructive matter. The 
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passing of the Electricity Act of last year has shown 
the necessity for dealing with the distribution of elec- 
tricity generated at large central stations into rural 
districts at the lowest possible cost. It is now wished 
that the non-industrial parts of our country, which up 
to the present have had little or no supply, should be 
dealt with in the most economical manner. It is 
evident that that supply from the generating stations 
should be as far as possible at a high load factor. Now 
how can the use of accumulators help us? I have 
studied this subject for many years past. At one time 
I hoped that the country districts might benefit by the 
railway companies sharing the load, but for some reason 
or other the railways at the present time do not appear 
to want to join in; they prefer to provide their own 
generating plant. As the load factor in rural districts 
cannot possibly exceed 10 per cent for several years to 
come, i.e. until the rural population generally has been 
educated in the use and advantages of electric heating, 
cooking and power distribution, it appears that the 
situation resembles very closely that of residential 
London 40 years ago when the load factor was as low 
as 10 per cent, as electricity was then used only for 
lighting. Again, rural supply must be by means of 
overhead lines and we must not shut our eyes to the 
frequent interruptions in supply which must follow from 
the use of such lines. For not only has the weather to 
be considered, but aviation accidents are likely to 
increase, there will be collisions not only with trees but 
with our overhead wires, and it is practically certain 
that interruptions due to these causes will occur. 
Therefore it appears that we must provide means of 
supply to these rural districts, giving a reserve during 
the hours taken in renewing the overhead wire connec- 
tion. My idea has been that, if accumulators could be 
placed in the villages or hamlets, they could be connected 
up in such a way that the supply could be given from 
the accumulators themselves during the lighting hours 
‘and, as soon as the demand for heating and power and 
other uses increased, the accumulators could still supply 
the lighting demand but the heating and power supply 
could be taken direct from the 3-phase mains. I see 
that Mr. Bell-Walker, who has designed many means of 
automatically bringing accumulators into use, is present 
and I shall be glad to hear what he has to say on the 
feasibility of such a project, and whether he thinks it 
is possible to supply rural England by placing batteries 
of accumulators of no great size in the villages, controlling 
them automatically from the central point to which the 
high-pressure a.c. supply is given by the central 
authority. I think that this is a problem in electrical 
engineering which is well worth the attention of all our 
younger engineers, for if what I suggest turns out well 
a very great benefit will be conferred upon rural England, 
for it must not be forgotten that the rural districts of 
England have been neglected and put into the second 
place simply because of the overwhelming preponderance 
and wealth of the industrial districts to which all the 
attention has up to the present been paid. We electrical 
engineers must give the rural districts first of all a 
supply for lighting, and then heat, power and other uses 
will follow in turn. Summarizing, I am very hopeful 
that the next few years will see a great revival in the 


use of accumulators. They will improve the load 
factor in agricultural districts and enable a supply of 
electricity to be given at such a low figure that the 
poor in rural districts will be able to use it. 

Mr. F. Bailey: The author states that the City 
of London Electric Lighting Co. changed its frequency 
from 100 to 50 cycles per sec. 2 years ago, but as a 
matter of fact we made that change 6 years ago. We then 
condemned ourselves to 6 years’ hard work, during which 
we spent some 2 million pounds in entirely reorganizing 
the station, changing the frequency of our alternating 
current from 100 to 50 and making many other altera- 
tions. One effect of those changes was to make me 
feel that we were not safe in relying on our existing 
appliances in case of a temporary shut-down. A battery 
was absolutely necessary, but of what use would the 
battery be if it were not so constructed and maintained 
as to be ready and available for duty at the exact moment 
when it was wanted? Existing methods did not seem 
to apply to our conditions. In discussing it with our 
staff, it was agreed that it was essential that we should 
strike out a new line for ourselves and endeavour to 
find some way of keeping the battery so floating across 
the busbars on varying pressures that it would be always 
charged, and yet be available to come into use automatic- 
ally without calling on a man to find a switch. That 
condition arose from the fact that, unlike many works 
of this kind, our circulating-water pumps are run in 
parallel and any serious drop of pressure in the elec- 
trical supply has a tendency to jeopardize the working. 
We therefore sought the assistance of the author. 
After putting before us the essential details of the 
principle to be adopted, he discussed it with Mr. Eustace 
Thomas, to whom we are greatly indebted for what I 
can only describe as a masterpiece of ingenuity in 
construction. The problem was: so to construct an 
automatic switch as to keep the “ trickle ” charge always 
going at the correct rate, and for the number of cells 
wanted at any one time to be brought in without a jump 
of any kind, so that the requisite voltage might be 
maintained during the period of discharge. The 
apparatus was duly placed in commission and has 
functioned perfectly satisfactorily ever since. We 
started by giving a 3-ampere trickle charge to the 
battery; and in the words of the author, upon which 
I cannot improve, the losses in the battery are com- 
pensated for by the trickle charge, and therefore maxi- 
mum efficiency is obtained. We found that the losses 
were compensated for by a charge at the rate of 1 ampere, 
and that is the rate at which we now have to trickle 
charge. This method involves only a trivial expense ; 
in the whole year it cannot cost us more than about 
£5 10s. In using a trickle charge of that kind we have 
every advantage we could possibly wish for, the battery 
being available for use at any time. It might be asked 
why so much fuss was made about a little battery and 
why so many automatic appliances were required. 1 
have explained, in the case of the pumps in parallel, 
that it is desirable to avoid the possibility of anything 
going wrong and, if automatic appliances are objected 
to at all, it is time we realized that the whole future of 
electric supply depends on automatic appliances. We 
must have relay control, whether we like it or’ not. 
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It is clear, therefore, that the maintenance of our relay 
control depends entirely on the constant skill and 
vigilance of an expert staff. Without these things our 
supply would not be safe. 

Mr. F. W. Crawter : The author tells us that this 
paper is intended to bring up to date the information 
contained in the paper which he read 10 years ago. 
I think it is chiefly by comparing current practice on 
two such definite dates that the amount of progress 
effected becomes obvious. There are three directions 
in which marked progress has been made during the 
period in question. One is short-first-charge plates ; 
another is sealed-in batteries in glass boxes; and the 
third is trickle charging. It may be said that the 
novelty of to-day so soon becomes the commonplace of 
to-morrow that all three of those items have almost 
ceased to excite any interest, but I think it must be 
agreed that they do show real progress. To reduce the 
time required for first charge from 48 hours continuously 
to 16 hours, which can be done in two periods, with a 
night’s rest in between, certainly means progress. With 
regard to the sealed-in batteries in glass boxes, it may 
be suggested that to provide a sealed-in battery in glass 
boxes which can be delivered charged and ready for 
use is an obvious method of meeting a long-felt want ; 
but the method of overcoming the inherent difficulties 
in design which that type of cell offers was not, as the 
author points out, quite so obvious. I think that the 
most interesting point, however, is the question of 
trickle charge. The actual value of a trickle charge for 
a battery of any given size cannot be determined with 
accuracy on paper, but must be left until the battery 
itself is erected and set to work, because it is dependent 
upon two unknown factors, which can be ascertained 
only when the battery is actually installed. The fact, 
however, that a battery of 4 000 ampere-hours capacity, 
which the author showed on the lantern slide and to 
which Mr. Bailey has just referred, can be maintained 
in good condition with its full capacity always available, 
with a trickle charge of 1 ampere, almost sounds too good 
to be true; but it is a fact, and it is to be noted, as 
Mr. Bailey has pointed out, that the power in watts 
taken to keep that battery in good condition by trickle 
charging, as compared with the old method of giving 
the battery a periodical discharge to make sure that its 
capacity is there, is infinitesimal, quite apart from the 
increased life given by the plates by trickle-charge 
methods. It is likely that this method of trickle charging 
will therefore be considerably extended in the future. 
I think the author is the first to draw attention to the 
Post Office practice of plate grouping, which he refers 
to as being unorthodox. It might almost be called 
heretical from a theoretical point of view. It is one of 
those curious points which one meets from time to 
time, where a suggested change in practice is made, for 
which no manufacturer would willingly accept the 
responsibility, but which, when insisted on by the user, 
proceeds to function to everybody’s entire satisfaction. 
The author mentions the fact that the distance apart 
of the lamelles on a Planté positive plate materially 
affects the capacity. About 30 years ago a plate of 
foreign manufacture was put on the English market in 
which a shaping machine was used to cut grooves on the 


surface of a rolled lead plate which, when finished, 
looked very much like a book with the leaves not quite 
touching. The initial capacity was very large, but 
after the first few cycles, when the surface of the leaves 
began to get peroxidized, the leaves practically touched 
each other and the capacity disappeared. There is one 
application of secondary batteries which the author does 
not touch upon, but which I think is of some imterest, 
and that is the use of small secondary cells for low 
intermittent discharges, for which primary batteries 
have hitherto been employed. Special types of secondary 
cells are now being used in very considerable numbers 
for replacing primary cells, and they are functioning 
quite satisfactorily with a charge once every two years, 
or even longer. 

Mr. H. Brazil: The author seems to be of the 
opinion, which is confirmed by the letters from various 
engirfeers given at the end of the paper, that the use of 
storage batteries for supplying power to the mains of 
a supply company in cases of breakdown is likely to be dis- 
continued in the future, but I think there is a good deal 
to be said for it, and Mr. Chattock’s remarks, together 
with those of Col. Crompton, make one think there 
is still some use for the battery for this purpose. In the 
past 25 years the company with which I am connected 
has had in constant use batteries weighing 2 200 tons, 
giving about 4 500 kW for about 2 hours, or 10 000 kW 
for a shorter period. These batteries have saved the 
situation so many times that I should be very sorry to 
be without them. When we started the 11 000-volt 
supply in the City of London, the batteries were sufficient 
under all circumstances to maintain a supply when the 
pressure failed. In those days, as breakdowns on 11 000 
volts were many and sometimes serious, it was a great 
relief to have a battery capable of maintaining the load 
for some time. Later we naturally made our electrical 
plant safer, but the load also increased and it was more 
difficult to maintain the supply. Later still, the boosters 
used for charging and discharging were a source of 
trouble to us, and we found the best thing to do was to 
cut them out immediately a breakdown occurred, and 
let the battery give what pressure it could. This 
pressure, of course, was quite considerable, and main- 
tained the lighting so that the consumer would scarcely 
notice there was anything very seriously wrong. Later 
still, we found that the battery was useless during a 
complete breakdown on the peak load, but if the 
breakdown happened at times other than the peak we 
could still maintain the pressure. Although it is true 
that at times of peak load one cannot rely on the battery 
to maintain the whole supply, I still think there is a 
use for storage batteries in the future, although perhaps 
they will not be installed unless the price is reduced. 
In this connection I would point out that the life of a 
battery is roughly inversely proportional to the number 
of ampere-hours taken out of it. Batteries will in the 
future be used for stand-by purposes only, and if the 
battery manufacturers would bring out a battery which 
has a very much higher discharge rate for a given weight, 
and a reasonable life, bearing in mind the comparatively | 
few times it will be called upon to operate, the central- 
station battery might take on a new lease of life. A 
battery so designed would probably occupy, say, one- 
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quarter to one-sixth of the space of the more substantial 
type, and the price would be correspondingly reduced. 
These very large reductions in price and space occupied 
would be a great attraction to an engineer who set great 
store on continuity of supply. A 2 500-kW unit in a 
substation may be running by itself for a considerable 
part of the year, and if the circuit breaker is not put in 
quite properly and the catch fails to act, or if there is 
trouble with a relay, the circuit breaker cuts out and the 
whole supply is thrown on to the battery. If there 
were no battery, the result would be complete darkness 
in basements, and stoppage of motors and radiators, 
and this would cause very great inconvenience to a 
large number of people. This is a thing we can prevent. 
In the case in point, with a battery of the capacity we 
have installed I can reckon on the largest individual 
unit in any of our substations falling out and on our 
being able to replace it by the battery until it can be 
started again. There seems to be a tendency nowadays 
to sacrifice everything to efficiency, but I, in common 
with many others, think that efficiency is really 
secondary to continuity of supply. I should like to 
quote from the President’s Address on this point: 
“ As regards continuity of service, though we may 
justly be proud of the fact that our standard of excellence 
in this respect is unequalled throughout the world, to 
secure 99°9 per cent of continuity involves much greater 
capital expenditure than does, say, 99 per cent. While, 
therefore, in the business and shopping centres of large 
towns nothing but the best is good enough, this policy 
need not be universally adopted.” I take that to mean 
that the President agrees with me that 99°9 per cent is 
the standard we must look to in the City of London 
and other large centres. I wish to suggest that even 
with a large substation—say of 10000 kW-—we can 
still carry on with this battery, which will take the place 
of a 2500-kW set. At this point I must refer to the 


“ grid ” from which all distributors will have to take 


their supply in future. The generating stations supply- 
ing this “ grid,” after they get to a certain size, must, 
if they are to be connected to another generating station, 
be connected through a reactance, and, in the case of 
London particularly, there are several large generating 
stations which will be connected through reactances. 
These generating stations have mains running to the 
larger substations in the City of London and also to 
those stations which have been converted from generating 
stations to substations, so that in a large substation, or 
generating station converted to substation, there will 
be two sources of supply which will be connected only 
by a reactance. It must therefore be assumed that if 
one main breaks down the other remains alive, and it 
will be necessary to divide the plant in the substation 
into two parts. In a large station of 10000 kW with 
four of these 2 500-kW units, two on each of the busbars, 
clearly if for any reason one of the units drops out the 
battery will take its place. I find that when this happens 
the pressure is maintained at about 150 volts instead of 
200 volts. That gives a reasonable light, and motors, 
though they run at a reduced speed, do not stop. 
As the supply is restored again in 5 minutes most 
people have no time to make a complaint. That 
has been our experience. If two 2 500-kW units are 


running, one on each busbar, and the supply on one side 
fails, the battery and the remaining set will maintain 
the pressure at about 180 volts instead of the normal 200. 
Similarly, if three or four sets are running and one side 
goes down, the battery and the remaining sets will 
maintain the voltage at a reasonable figure until the 
sets are started up again. One other point has not been 
touched upon, and that is the question of reducing the 
maximum demand. All of us are, or will be shortly, 
taking our supply from the “ grid,” and we shall be 
charged, generally speaking, a high price per kW installed 
and a small price per kWh. Obviously the correct 
thing to do is to keep down the maximum demand, 
and batteries are, I suggest, of considerable use in this 
connection. I should like to take this opportunity of 
saying that there appears to be something wanting in 
this method of charging. We, in London, are subject 
to overhead fogs. If we take an area in London supplied 
by a large power company, these fogs are very local and 
it is easy to imagine them drifting from one company’s 
area to another, extorting the maximum demand from 
each company in turn without appreciably increasing 
the load on the generating station. 

Mr. C. Bell-Walker: The author takes a rather 
dismal view, especially of the future, and the engineers 
who have sent in replies to his questionnaire are in many 
cases still more pessimistic. Some of them do not seem 
to think there is any field for batteries except for certain 
auxiliary services. It is encouraging to see on page 461 
the magnitude of the Post Office business, and still more 
what it is expected to be in 1936. On page 464 the 
author refers to wireless beacons. Having been partly 
responsible for those beacons, 1 should like to say that 
a plant need not be of 10 000 or 25 000 kW in order to 
be reliable. Those plants are unattended and have 
been placed in situations which were not threatened with 
a bulk supply, and where there was no super-power 
station. The stations are at such places as the Casquets, 
Lundy Island, the Skerries and goon. At the Casquets 
and at Round Island the apparatus has been running for 
some time without interruption of any kind, and may 
have run for weeks unattended; in fact, we are now 
dealing with a problem where plants will have to run 
for 6 months absolutely without attention. I merely 
mention this point because certain people are trying to 
prove that only a very large station or a bulk supply 
will give that continuity of service which is necessary. 
I think it is more a question of quality of the plant 
than of its size. The author has referred to some work 
in which I was also interested at the Waverley station, 
Edinburgh. That, again, is a very important service, 
in that a failure of the plant, which is only of the order 
of 200 watts, would immediately paralyse the whole 
station. It supplies current for signal interlocking, 
track circuiting, and various other services of that kind. 
It is ideal in its small way, with a load factor of 100 
per cent, as the demand takes current for 24 hours a day. 
Although this is not referred to in the paper, the system 
has the advantage of allowing different voltages to 
be tapped off. In Edinburgh 12, 14 and 16 volts are 
used for different lengths of circuits. It does not 
affect the condition of the cells, as they are charged 
according to their individual requirements, as far as 
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possible. Just one word. about rural supply. The 
Commissioners, quite wisely I believe, are endeavouring 
to standardize pressure and the system of supply. 
Although these proposals are contrary to some of our 
interests, I think they are right, and I think it should 
be realized that it is a very great advantage to have a 
standard as soon as possible, because any work done on 
other systems—direct current or other periodicities—may 
eventually have to be replaced, which will be a very 
costly and difficult operation. I have been considering 
the problem of rural supply for a very long time, and 
itis an awkward one to deal with. It must, I imagine, 
_ be giving the Commissioners a great deal of anxiety 
and worry. There are still thousands of villages in this 
country which must, for a good many years to come, 
be far from a “ grid,” and without any immediate possi- 
bility of getting a publicsupply. I come from a sparsely- 
populated area, the English Lake District, and no supply 
company could go there without losing money. A village 
may have a maximum requirement of £200 or £300 worth 
of electricity a year and, unless important local residents 
are willing to take the risk, it is extremely unlikely that 
electricity will be installed in many instances, and in 
the meantime we are suffering from rural depopulation 
and miserable conditions in the villages. I think, 
however, that there is one bright spot on the horizon. 
Even if the standard pressure is maintained, it is possible 
to put down plants in villages as pioneers, and I think 
that engineers will be able to make such plants reliable at 
a cost of a few hundred pounds, and these plants will be 
able to work for a few years until such time as the load 
grows sufficiently to justify a bulk supply. If nothing 
is done, people will go without power and without 
light, and there will be a general loss of efficiency. It 
would be interesting to learn the Commissioners’ views 
as to the prospects of a rural supply, whether it will 
take 5, 10, 15 or 20 years, and whether the Commissioners 
are prepared to bless the efforts of those who try to 
bring light into those dark places. 

Mr. J. G. Lucas : In view of the prominence given 
to the Ventimotor I should like to make the position 
clear so far as the Post Office is concerned. The Post 
Office purchased three of these motors. The recent 
stormy weather has shown up certain weaknesses. 
One Ventimotor blew down and fell in a river. In 
other cases the dynamos burnt out, the windmills raced, 
and the structures showed signs of bursting apart. 
These difficulties, however, are not difficult to surmount ; 
all that is needed is experience. The machines are 
merely experimental at the moment, and it has yet to 
be proved whether the scheme is practicable. With 
regard to the author’s mention of standardizing large 
batteries for Post Office purposes, it should be appreciated 
that this development represents about 8 years’ investi- 
gation. and discussion with the whole of the battery 
makers, the difficulty having been to reconcile Post 
Office requirements with those of the general public. 
Does the author think the standardized plates are likely 
to be used to meet the requirements of the general 
public? I am much interested in the electrolytic water 
tester, but I am not quite clear where platinum electrodes 
are used, as the diagram seems to indicate copper elec- 
trodes. If platinum electrodes are used, I should like 
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to know whether other types of less expensive electrodes 
have been tried, and with what results. The author 
mentions that the capacity of Planté positive plates is 
proportional to the depth of formation. It would be 
of interest to know whether, in order to obtain a given 
initial capacity, the depth of formation may be so 
increased as appreciably to reduce the life of the plates. 
The author also refers to different methods of finishing 
lead-lined wood boxes. A later method recently agreed 
on with all battery manufacturers is to paint the external 
surfaces of the boxes with a solution having a green oil 
basis, such as solignum or carbolineum. These solu- 
tions are not anti-acid, but they are water-repelling, 
cheap and easily applied. They give a satisfactory 
finish, and after a number of years—I believe 11—the 
boxes show no signs of deterioration. In two places 
in the paper the author refers to the Post Office tele- 
phone department having stipulated that carbon 
expanders must not be used in the negative plate. 
This statement may give rise to some misapprehension. 


. The precise wording of the Post Office specification is : 


“ The composition used in the active material of pasted 
or box type negative plates to be such as to ensure that 
no carbon or other inert material will be freed into the 
electrolyte.” This does not prohibit the use of expan- 
ders; it is designed merely to prohibit an excess of 
carbon. Touching on the question of the life of modern 
box negatives, I notice that this is stated in terms of 
years with the essential reference to the conditions of 
service. Such a reference is not always given, and the 
measure has then no meaning. The experience of 
the Post Office is that good Planté positive plates of the 
type used in large batteries may be expected to have 
a life of 1000 to 1 500 cycles of charge and discharge, 
while the negative plates will survive 2 500 cycles. The 
author refers to the development of portable sets fitted 
with Planté plates up to 200 ampere-hour capacity. 
I should like to know what advantage the Planté plates 
have over pasted plates for portable batteries. It is 
interesting to note the arrangements made for the 
provision of the 8 600-volt battery for Messrs. Standard 
Telephones and Cables, Ltd., and to note the steps taken 
to maintain the insulation. Experience in the Post 
Office indicates that a very satisfactory arrangement for | 
maintaining high insulation and preventing inter-cell 
leakages in a battery of small cells is to submerge a 
number of the cells in a common box in oil, leaving only 
the terminal posts protruding into the atmosphere. 
I should like to call the author’s attention to an official 
report which was made in 1913 after an interview with 
the heads of the Chloride Electrical Storage Co. and 
which reads as follows: ‘‘ Charging at rates very much 
below normal is injurious, but we ’’—the Post Office— 
“are unable to determine the limits. The opinion was 
expressed by the Chloride Co. that any charging rate 
below half normal rate will be detrimental ”. In view 
of the author’s statement on page 468 that a 1 000- 
ampere-hour battery may be kept in good order with 
a charge of 1 ampere, I should be glad to know what 
changes have taken place to account for this difference 
of opinion. 

Mr. H. G. Brown : There is one point regarding oil 
films which 1 should like to mention. In my opinion it 
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should not be necessary to modify the manufacture of 
plates as regards the use of expanders. It is not a 
difficult matter to remove oil as soon as it becomes dirty 
and opaque, and to filter it or put in fresh oil. On 
page 472 the author remarks: ‘‘ There are certain classes 
of installation in which continuity of supply is essential, 
such as hospitals, banks, cinemas, and any buildings in 
which the possibility of panic exists.” The remedy is, 
of course, to use stand-by batteries, but this may be a 
matter for the consumer rather than the supply under- 
taking. The consumer requires to be safeguarded 
against a breakdown of the mains as well as of the 
generating station, and in the case of a hospital, at any 
rate, the stand-by plant should be on the consumer’s 
premises. There is considerable scope for batteries in 
this field and the plant might be standardized to some 
extent. Consumers might also employ batteries to 
improve the load factor and get better terms from the 
supply undertaking; this is a question which deserves 
more attention than it has so far received. 


Mr. T. C. Elliott : The firm with which I am con- . 


nected introduced a short-first-charge battery so long 
ago as 1913, which is considerably more than the 10 
years ago mentioned by Mr. Crawter. With regard to 
testing, I am glad to see that the author mentions 
the lack of any B.E.S.A. or 1.E.E. standard tests. 
Such tests are urgently needed to avoid extravagant 
claims such as have been made within the last few 
months for impossible efficiencies from certain makes of 
batteries. 

Mr. J. W. Beck: The author dwelt very fully with 
many types of battery-room floors in his 1918 paper and 
I am now pleased to note that he considers cement floors 
to be quite suitable, with or without a preparation of tar. 
My experience has been that a cement floor, with clean- 
liness, is more durable than asphalt, vitrified brick or 
other substances supposed to be immune from the action 
of acid. I am glad the author has given prominence to 
the fact that the provision of a suitable room, where no 
other work requires to be done, is an essential responsi- 
bility of the customer, as otherwise the battery is handi- 
capped from the start. With regard to ventilation, 
does not the author consider that the small quantity of 
oxygen may be disregarded, as what actually explodes 
is a mixture of hydrogen and air ? I have had experience of 
such an explosion recently, where an 80-volt 200-ampere- 
hour yacht battery was concerned, and the effects show 
how real is the danger when the ventilation is imperfect. 
The author states that metal boxes have been abandoned 
on account of high first cost. Has he had any experience 
of what I may call semi-metal boxes, viz. ordinary wood 
lead-lined boxes with the linings carried over down the 
outsides and finished in a seam about 1 in. under the 
bottoms? I know of a 4 000-ampere-hour battery where 
boxes of this type were installed 24 years ago, and two 
years ago, when stripped during repairs, the wood was 
found to be in perfect condition. This seems an 
excellent method of increasing durability at slight 
increased first cost, as in a similar battery in the same 
room ordinary wood lead-lined boxes required renewal 
after considerably less service. The author’s opinion 
with regard to the comparative advantages of glass-tube 
and wood-sheet separation would be appreciated. I 


a 


believe that one battery company claims that wood- 
sheet separators are advisable in stationary cells, and 
states that these have a beneficial effect on the plates, 
apart from preventing short-circuits, but I do not know 


the basis of the claim. The ingenious method providing | 


for additional capacity, devised by the Post Office and 
referred to by the author, has certain drawbacks, and 


1 should like to know his opinion of future results in 


working with reference to the omission of end negatives. 
This method will not, however, get over the difficulty 
of a subsequent mixture of old and new plates. The 
author mentions on page 455 that absence of dross in 
grid-casting is essential, particularly in the lug portions. 
I long ago came to the conclusion that the development 
of lug troubles before the plates wear out is very fre- 
quently due to incorrect topping up, water being added 
only occasionally and in large quantities, causing un- 
necessary sulphation and peroxidization of these parts 
and leading to the trouble. I am satisfied that the 
thickness of plates is a very important factor in durability, 
other things such as mechanical strength of lugs being 
comparatively equal. I know one battery company in 
this country which makes two plates of identical dimen- 
sion, save that one plate is 10 mm thick and the other 
12mm. The 12-mm plate has thoroughly justified itself 
by results in service and is well worth the slightly 
increased first cost. With regard to testing, 1 agree 
with the author thatit is high time there was a standard 
test, as the multitudinous variations met with in specifi- 
cations are not in keeping with an industry which has 
been established for more than 40 years. The author's 
suggestions are simple, but I am inclined to think that 
too much prominence is paid to the question of watt-hour 
efficiency. With plates manufactured under modern 
conditions, if the prescribed rate is maintained over the 
required period to not less than a definite minimum 
voltage, which I agree with the author is the preferable 
method, and the specified ampere-hour efficiency is 
obtained, I think it follows that the correct watt-hour 
efficiency is also obtained without taking troublesome 
readings. The fundamentals are the extent of charge, 
and the rate, period and extent of discharge, all of 
which are easily determined, but average voltages are 
open to different methods and opinions, not in con- 
formity with exact testing. I agree with the author 
that there is a considerable field for trickle-charge 
batteries in the future, but does he not consider that 
this term is somewhat of a misnomer? There is 
considerable difference between charging a discharged 
battery at unsuitably low rates, and maintaining a fully 
charged battery in a charged condition by a very low 
rate just sufficient to compensate for local-action losses, 
and this difference should be made clear. Trickle 
charging is loosely and generally considered to. mean 
charging at any low rate, which is not the best practice 
and certainly not what the author describes, which is, 
instead, a method of preventing discharge through local- 
action losses. Does he not consider that, to prevent 
confusion, cells operated in this way would be better 
described as an ‘‘ equipoised’’ battery? He suggests 
control of such systems by densities, but, as this would 
not eliminate the possibility of unnecessary charging, 
should not cell voltages be taken into consideration ? 
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If so, within what limits would he advise, also how 
frequently would he advise recharging an “‘ equipoised ” 
battery at the correct rate in the event of no appreciable 
emergency discharge being necessary ? The conditions 
of treatment and operation to give the best results have 
not been included and I should be glad if the author 
would state whether he prefers control of charge and 
discharge by ampere-hour meters to a definite percentage 
of overcharge, or by densities, or degree of gassing. 
What does he consider to be the most suitable and 
economical charging rate for a stationary battery, in 
terms of the maximum rating ? 

Mr.F. W. D. Adcock (communicated) : The author's 
remarks in connection with the power supply for tele- 
phone exchanges are rather misleading, particularly with 
regard to the’ use of a floating battery. The scheme 
now standardized by the A. T. and T. Co. in America 
has two batteries: which are floated either singly or in 
parallel during the day and connected in parallel for 
the night load or in case of emergency. End cells are 
used for voltage regulation and these can be kept in 
condition by trickle charging. The impression given in 
the paper is that for a full floating system specially silent 
generators are necessary, but the latest practice in the 
Bell Companies in America is to use commercial-type 
generators in conjunction with special noise filters 
consisting of choke coils and electrolytic condensers. 
It is claimed that this combination gives a more silent 
system than that realized by a special generator with or 
without a choke coil. I consider that the author is 
hardly fair to the special telephone-type generator when 
he states that continual attention is found necessary 
as the brushes need changing every three hours. It 
may be news to the author that scores of these special 
generators are working in telephone exchanges in this 
country and hundreds in America, and, whilst certain 
of them have given commutation trouble, this has 
been generally overcome by careful maintenance and 
the generators have given good service over a long 
period of years. I think we shall find that the British 
Post Office will be forced to adopt a partially floating 
system for telephone exchanges on account of the 
extremely large batteries now required where two or 
more automatic offices are located in one building. 

Mr. S. B. Jackson (communicated) : It appears that 
progress in battery design has not yet reached the state 
of finality, and I consider that if the system of stan- 
dardized testing which the author advocates were 
adopted the result would be that greater progress would 
be achieved owing to the possibility of comparing the 
operating results and conditions with the standard con- 
ditions. Thus it would be possible to compare the 
individual performance of batteries much better, as the 
analysis of the observations would have only one standard 
basis. Although progress has been made, I am of the 
opinion that for supply systems the battery will be 
gradually eliminated. There has been considerable 
advocacy of the battery to maintain the high standard 
of continuity of service in electric supply systems, but 
I think that the battery will be unable to justify its 
application to a considerable extent owing to its pro- 
hibitive cost. With increasing interconnection of power 
stations, automatic continuity of supply will result, and 


as progress is made in cable design the number of faults 
will be much smaller than it is to-day. Transformers 
are very reliable and little or no trouble may be expected 
from them. On one large system in this country with 
three large power stations and a number of waste-heat 
stations interconnected, I understand the last total 
failure was 13 years ago. On the same system the 
continuity of supply at the consumers’ terminals has 
reached the figure of 99'9 per cent, a figure which our 
President mentioned and extolled in his Presidential 
Address. Thus it seems hardly justifiable to spend, 
say, 5 to 10 per cent of capital to obtain the extra 0° 1 per 
cent of continuity. The settlement of the railway 
companies’ policy in regard .to electrification throughout 
the country will reflect on the use of the secondary 
battery to a considerable extent. If direct current is 
used it will be necessary to install batteries at selected 
points to assist the automatic substations at times of 
peak load or emergency. The railway load factor will 
not be appreciably improved by their use, but the nature 
of the railway load is of use in improving the supply 
system load factor. The plan of using d.c. motors in 
power stations is sound practice, and auxiliaries so 
driven can be instantly thrown on to the battery supply 
in cases of failure on the a.c. side. I consider that this 
application, in conjunction with motor-convertors, is 
very useful. Another application will be that of the 
electric battery vehicle, which promises to be increasingly 
used. This vehicle is of considerable value, especially to 
manufacturing firms, for the economical carriage of 
semi-raw materials from department to department 
whilst under manufacturing processes. It will be 
attractive also on account of the low tariffs which will 
be quoted for charging current. For various municipal 
tasks these vehicles have much to commend themselves. 
With the development of transverting plant at a date 
which may not be far distant, distribution may be by 
means of direct current. In that event the battery will 
be very useful on networks, but the capital cost of 
batteries will be the limiting factor in their use. In 
naval vessels storage batteries are used to preserve the 
continuity of supply to a number of important instru- 
ments. This duty is fulfilled remarkably well by them. 
The cells have lead and wood containers which give 
very satisfactory service, provided that the wood has 
received a thorough impregnation of paraffin wax and 
that the cells are gently handled. The cells are mounted 
in cast-iron trays which are heavily coated with bitu- 
minous compound. They are strapped to the tray by 
wrought-iron straps of special design. If the ordinary 
methods of handling, maintenance and occasional 
recharge and discharge are adopted, the cells operate in a 
highly satisfactory manner. It appears from what the 
author has said, and from personal observation, that 
there is still a considerable sphere of usefulness in which 
the secondary battery can be applied. 

Mr. C. V. Rowell (communicated): On page 454 
it is mentioned that glass or porcelain blocks used for 
wedging between the boxes of large cells should rest on 
support pegs which can easily be knocked off. It would 
appear that the erection of cells would be greatly facili- 
tated if these blocks were attached to the containers in 
some manner prior to the cells being erected. Will the 


484 McKINNON : STORAGE BATTERIES IN RELATION TO 


author please give a reason for supporting the inter-cell 
blocks in the manner mentioned in the paper and also 
state the disadvantages, if any, of securing the blocks 
to the containers, either temporarily or permanently, 
prior to erecting the cells? In the section headed 
“ Provision for increasing capacity” the author has 
apparently confined himself to batteries where a normal 
range in specific gravity on discharge of 0-030 to 0-045, 
such as is specified by the British Post Office, is required. 
With such batteries the means of displacing the unoccu- 
pied space in partially filled cells, as given under 
paragraphs (2a) and (2b), are generally accepted as 
standard. There are, however, many instances where 
the user is not so concerned respecting the specific 
gravity range, or only requires such a range in respect 
to the pilot cells. In such instances means of dealing 
with the unoccupied space in the boxes, other than those 
described in the paper, can be used. An effective and 
inexpensive method in such batteries is to keep the plates 
in position by two or more glass slabs usually of ¿ in. 
thickness, spanning the unoccupied part of the cell and 
placed at right angles to the plates. Small wood fillets 
suitably treated are placed between the end negative 
plate and the glass slabs and also between the slab and 
the lead lining of the container, so as to avoid damage to 
the negative plate and the lead lining. The glass slabs 
are located in a groove in the fillets. On page 456 
where the closing of the plate moulds is dealt with, the 
author says that there is usually a thin feather of lead 
in the centre of the plate, and that any appreciable 
thickness, of the feather presumably, tends to promote 
side growth and buckling. I am aware of some difference 
of opinion on the desirability of a reasonably thick 
diaphragm being in the centre of Planté-type positives, 


but my own experience of the best-selling plate points 
to a preference for a plate with a diaphragin, especially 
if the battery is to be employed on heavy duty. The 
author mentions that an argument in favour of the 
10-mm plate lies in the fact that the plate has to carry 
its own weight. I have been connected with the pro- 
duction of 12-mm Planté positive plates considerably 
larger than those shown in the table on page 456, and 
life tests on these plates have not indicated any tendency 
for the plates to come away from the lugs or disinte- 
grate abnormally. These plates have had a diaphragm, 
which has taken the shape of a wedge tapering from 
about 6 in. from the top of the plate up into the top rib. 
Thus the weight has been carried by lugs well reinforced 
down into the plate. Mention has been made of a 
possible difficulty in extracting Planté-type plates from 


` the moulds, but the concern with which I am associated 


finds that the fitting of ejector racks to the moulds 
enables a casting to be extracted without any distortion. 
This method also prevents damage to the moulds which 
arises if ejector racks are not used. Regarding the 
testing of batteries, it is surprising that a diversity of 
opinion exists on this matter. My own opinion is that 
if a battery in a stable condition is run down to a pre- 
determined final voltage at an agreed rate and the 
amount discharged plus th, where an ampere-hour 
efficiency of 90 per cent is guaranteed, is put back and 
the battery is again discharged as before, the results are 
accurate as regards performance, and the ratio of the 
second discharge to the recharge will accurately represent 
the efficiency. 


[The author’s reply to this discussion will be found 
on page 496.] 


NORTH-EASTERN CENTRE, AT NEWCASTLE, 9TH JANUARY, 1928. 


Mr. A. G. Shearer: Is there any reason why the 
Institution or the British Engineering Standards Associa- 
tion cannot agree on a standard method of testing 
storage batteries ? To the notes offered by the author 
for consideration in drawing up conditions for acceptance 
tests I should like to add one more, namely: There 
should be a definite time interval between each charge 
and the next discharge. Why cannot battery makers 
agree among themselves on a standard capacity rating 
with respect to time? The American basis is the 
8-hour rate, the British basis the 10-hour rate, and the 
Post Office basis the 9-hour rate. It is not helpful 
to operating stafis to find on referring to technical 
literature that curves and other particulars are based 
on different rates. In the past the absence of definite 
limiting rates of discharge has often led to arguments 
between battery makers and users as to the responsi- 
bility for the condition of batteries under the maker’s 
maintenance. The author has undoubtedly given 
careful attention to the. use of batteries in telephone 
exchanges. There are, however, one or two points 
which do not appear to be quite clear. In the opinion 
of Mr. Diehl of the Automatic Electric Co. of America 
“ The purpose of the storage battery is not primarily 
to supply current for the regular operation of the ex- 


change equipment but to act as a damper for the high- 
frequency fluctuations caused by the voice and generator 
currents, and to provide a means of storing energy with 
which to operate the equipment when the regular 
source of supply is disconnected from the exchange.” 
On page 460 the author states: “ The batteries are 
installed large enough to have about 5 busy-hours' 
capacity, but this varies according to the assumed 
reliability of the main source of commercial power and 
the nature of the reserve alternative source of supply. 
In general, wherever floating has been adopted in the 
United States, prime movers have been installed to 
meet power supply breakdowns.” Surely it cannot 
be argued that batteries, although not primarily required 
to supply load current, should be installed large enough 
for 5 hours’ peak demand because of the possibility of 
two supplies failing simultaneously for at least 5 hours. 
I should like to hear the views of Post Office engineers 
on this point. I note that the special silent generators 
mentioned on page 460 are liable to brush and com- 
mutator troubles and that the brushes need changing 
every three hours. Should not “hours ” read “ years” ? 
Automatic substations for the supply of current to 
railways, tramways, public networks and industrial 
works could never exist to-day if commutator troubles 
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had not been practically eliminated. The reliability of 
the running plant in automatic substations is generally 
such that stand-by batteries do not form part of the 
equipment. The author states that the floating-battery 
system entails excessive attention at the power board 
for regulating purposes. Is there any reason why an 
automatic voltage regulator should not be installed ? 
If these regulators give satisfactory service at power 
stations such as Ferrybridge they should be good enough 
for use in telephone exchanges. The author states 
on page 461 that the stand-by machine is required to 
run on load daily; this implies that the generator is 
too small for the duty. The auxiliaries at Ferrybridge 
power station are supplied at 500 volts direct current, 
and a 250-volt supply is maintained by a connection 
to the middle of the battery. In view of the author’s 
statement that a charge cannot be put on a charge, I 
should like to know how the more heavily-loaded half 
of the battery is charged without over-charging the 
lightly-loaded half. The author gives a warning that, 
in view of the fact that the existing lead mines are said 
to be barely able to supply the demand, there is every 
likelihood of the prices for storage batteries increasing. 
I am of the opinion that this will affect supply en- 
gineers more as regards cables than as regards batteries. 
If the cost of lead batteries is likely to increase, will 
this not encourage the makers of other types of batteries ? 
I am greatly disappointed at the author’s remarks about 
gas lighting on page 470. I have always considered that 
gas lighting is the finest advertisement for the use of 
electric light. Then the author argues that numbers of 
batteries now in use are retained because they are too 
costly to scrap. Does it not depend solely on whether 
the advantages gained by keeping a battery in service 
are worth the expense? In France (see page 470) the 
difference between ‘‘ on peak ” and “ off peak ” charges is 
apparently sufficient to warrant the consumer installing 
a battery for use during peak loads. This is apparently 
a very exceptional and rare instance; the practice in 
Norway does not seem to bear out this view. It is 
interesting to note that although the number of State- 
controlled power stations has been practically doubled 
and the plant capacity nearly trebled, the battery 
capacity in kilowatt-hours is actually reduced. This 
seems to forecast what will happen in any country 
where the tendency is to supply all new networks from 
a.c. mains. I note that the State or municipalities 
distribute over 90 per cent of the electricity in Norway, 
hence failures involve no penalties. Are penalties to be 
imposed on supply companies only ? The only under- 
taking that does have a penalty clause for failure is a 
company, namely, the Victoria Falls and Transvaal 
Power Co. It is also interesting to note that in India 
and Australia stand-by batteries are not in general use. 
On page 472 the author states that a breakdown which 
occurred in the North of England on the first day of the 
New Year sale season was alleged to have caused a loss 
of thousands of pounds to the unfortunate stores pro- 
prietors depending on a municipal supply. The answer 
to this is surely that if any consumer considers that 
interruptions of supply are likely to be sufficiently 
frequent to warrant the installation of a battery he 
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should take the necessary steps, but how many con- 
sumers in the North of England have considered that 
the number of times they are interrupted is worth the 
cost that this would entail ? The replies to the author’s 
questionnaire show that the tendency is for batteries not 
to be installed either in substations or on consumers’ 
premises. In conclusion 1 would say that electric 
supply undertakings will soon lose their position as the 
largest users of batteries, and that operating engineers 
who in the past have been glad to rely on a stand-by 
battery will wish that the storage-battery industry 
should not suffer by any change in progress in the elec- 
tricity supply industry. eo 
Mr. A. Cook : It is agreed that the author has made 
out a good case for the practical utility of the secondary 
battery, and the answers to the questionnaire seem, on 
the whole, to confirm this. The installation of a battery 
in a generating station, whether for taking exceptional 
peak loads or for use in an emergency, makes for safety 
and reliability of service, and, on the whole, station 
attendants prefer this arrangement. Possibly this 
preference is because of the necessity of the case and 
not because of any particular merit attributable to the 
constitution of the cell. The battery stands to-day 
where it stood many years ago, the disadvantages being 
relatively the same, one in particular being its general 
** messiness.” It appears to me that, despite exhaustive 
research, improvements have not been introduced which 
would enable the battery manufacturers to make 
material improvements to this article, and, whilst vast 
advances have been made in the manufacture of a.c. 
and d.c. generating machinery, the ordinary secondary 
cell has practically stood still. The same floor space is 
still required for it, and its weight is the same. The 
introduction of bolted connections between the cells 
appears to me to be a retrograde step. Fig. 1 shows 
such a battery and it is observed that the arrangement 
is virtually a paralleling of the two sections of the 
cell, with a possibility of potential-drops across the con- 
nections and a difference in the potential-drops across 
the bolted connections. In modern cells the ten- 
dency is to provide a greater amount of space for sedi- 
ment below the plates than was formerly the case. 
This results in a greater amount of electrolyte being 
used. Can the author say whether this is detrimental 
and what is the best relation between the capacity of a 
cell and the volume of electrolyte used ? Itis frequently 
stipulated that batteries shall have a high ampere- 
hour efficiency at the outset. Does the author think 
that this is good practice, involving as it does a greater 
initial formation ? Would it not be better to arrange 
to accept a lower efficiency at the outset, with a proviso 
that a figure of, say, 90 per cent ampere-hour efficiency 
shall be obtained on a test charge-and-discharge cycle 
after the battery has been in use 6 months? How 
would this affect the life of the battery? It is usual 
to regard the life of a battery as a function of the number 
of charges and discharges to which it is subjected, 
assuming that these take place at regular intervals and 
that the battery is not neglected. Can the author 
say what he considers to be a reasonable figure for a 
battery discharging at the 9- or 10-hour rate, and how 
32 
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this is affected if the average period of discharge is 
extended to, say, 60 hours at a varying rate ? 

Mr. F.G. C. Baldwin: The rapid development of 
alternating-current working for lighting and power 
purposes has limited the available field for the employ- 
ment of secondary batteries. Fortunately, however, this 
loss has to some extent been compensated for by the 
increased use of secondary cells in connection with com- 
munication services. As ‘an indication of the develop- 
ment which has taken place in the application of 
secondary cells in this direction, the following may be 
cited: (a) The introduction into this country of the 
common-battery telephone system in 1900, and its 
steady growth up to the present day; (b) the gradual 
supersession of primary batteries in favour of secondary 
cells for telegraph working; and (c) the more recent 
application of the thermionic valve in telephone repeater 
working and radio-telephony. The fact that secondary 
batteries of as much as 10000 ampere-hours capacity 
with a maximum discharge of 2500 amperes are now 
common in telephone working is not without interest. 
The introduction of secondary batteries to telephone 
working introduced special problems in the design and 
manufacture of secondary batteries, of a totally different 
character from those met with in power supply. For 
example, the question of the resistance of a telephone 
common battery possesses a significance which does not 
apply to other installations. The introduction of the 
anti-spray film secures the important advantages named 
by the author, but I should like to ask whether anything 
has been done towards the absorption of the two liberated 
gases, oxygen and hydrogen, and their return to the 
electrolyte as water. If this could be accomplished 
by some simple and inexpensive means at the surface 
of the liquid a considerable further advantage might be 
secured. An important advantage of the glass container 
is that inspection of the interior is facilitated. It seems 
to me undesirable that the container should be composed 
of or lined with a conductor such as.lead. Buckling of 
the plates may cause them to make contact with the 
lead lining, which then becomes active. What are 
the author’s views in regard to these two features ? 
I should also be glad to know whether the thickness of 
the plate has any bearing on the tendency to buckle. 
I think it is generally agreed, in this country at any 
rate, that floating a telephone battery across the busbars 
during service is an unsatisfactory and undesirable 
practice. I should prefer some device which would 
permit of the exchange being worked entirely without 
the aid of batteries. On page 469 the author refers to 
the world’s lead deposits, but probably he is aware that 
lead deposits exist in this country in Derbyshire and 
in this locality as well as others and were at one time 
worked economically. As the lead supplies fail else- 
where, attention may again be directed towards this 
source. The information supplied in the paper relative 
to the charging of small batteries by wind power is 
of much interest. At the present time the problem of 
power supply for rural telephone exchange service, 
which has developed very considerably during recent 
years, is one difficult of solution, and, owing to the 
absence of power supply, primary batteries have largely 


to be relied upon. It is hoped, however, that the 
extension of power supply to rural areas, a matter 
which is at present receiving special attention by supply 
undertakings, will go a long way to relieve this difficulty. 
Because of the absence of power supply where the re- 
quirements cannot be met satisfactorily by primary 
batteries, numerous prime sources of.energy have been 
tried but none is entirely satisfactory. A difficulty 
in regard to the charging of secondary cells, even in 
neighbourhoods where power supply exists, is the 
predominance of a.c. supply. Further serious attention 
might profitably be devoted by the research departments 
of some of our large electrical manufacturers to the 
production of a suitable rectifier of much greater effi- 
ciency than those available at present. Can the author 
say whether trickle charging is as satisfactory in the 
case of large-capacity cells as it is for small batteries ? 
Mr. G. F. Bellwood : There is no doubt that the 
development of the short-first-charge type of plate 
marks an important forward step in the manufacture 
of lead batteries, but unfortunately it is somewhat 
difficult to keep the plates bone-dry, as suggested 
by the author, and it frequently happens that in a 
given batch of plates some will have absorbed moisture 
to a greater extent than others. In consequence of this 
the first charge has to be prolonged until the slowest 
plates have come up to the normal, with the result 
that the plates not requiring the longer charge are 
gassing rather vigorously. Can the author say what 
is the cause of the somewhat vigorous frothing which 
sometimes takes place in cells contained in celluloid 
boxes ? It would also be instructive if he could give 
an explanation of the reason why the middle cell of, 
say, a 6-volt battery frequently has a shorter life than 
the end cells. It is interesting to learn that accumula- 
tors perform quite satisfactorily in countries which experi- 


- ence temperature extremes. The question of the density 


of the acid for cells used in these cases arises. What are 
the approximate density limits of the diluted acid in 
order to prevent an abnormal rise of resistance in the 
cells themselves ? With regard to the future use of 
batteries in town-lighting schemes, it would be interest- 
ing to know the extent to which the position with regard 
to the change to alternating current is likely to be 
affected by the alteration of the Electricity Com- 
missioners’ Regulation allowing the increase in voltage 
on low-tension alternating-current networks from 125 to 
250 volts to earth. This makes it possible to change 
over 3-wire d.c. distribution systems to the 3-wire 
single-phase a.c. system, with 250 volts on either side 
of the neutral. The advantages are so great that it 
would appear that this method could be adopted 
extensively. 

Mr. W. Cross: I have found that ammonia has a 
bad effect on batteries, and I have had more trouble 
from this impurity than from any other, except impure 
water. In one case a battery was severely affected 
by manure 80 ft. away. The author does not give a 
decided opmion regarding the use of anti-spray oil; 
would he recommend its use in country-house batteries 
where a gassing charge is given periodically ? I under- 
stand that if a battery is underworked its capacity 
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will be reduced ; can the author state whether a battery 
on trickle charge which is discharged only very occa- 
sionally, say once a year, will have its full capacity ? 
I believe there is still a large demand for batteries 
for country-house lighting, as a supply from the public 
mains cannot be available everywhere for some years, 
and that they will, be installed increasingly in public 
buildings, hospitals and similar buildings as an alter- 
mative source of current. 

Mr. H. V. Field (communicated): In the discussion 
on Messrs. Breach and Midgley's paper on ‘‘ The Drive 
of Power Station Auxiliaries,” * the trend would seem 
to be towards the use of a.c. drives throughout wherever 
possible ; and the further development of a.c. commu- 
tator motors, such as those of the Schrage type, giving 
a3: 1 range of speed, together with power-factor control, 
will probably reduce the employment of d.c. motors, 
as will also the lessened risk of supply failure with in- 
creasing interconnection of stations. Batteries would 
then be justified only for auxiliary lighting, switch 
operation and excitation. The very high overload 
capacity of a battery is a point in its favour. The 
information on page 456 in regard to optimum plate 
thickness would be more valuable if similar data for 
negatives and pasted positives, especially for traction 
and similar batteries, were added. Is the optimum 
plate thickness the same for both positives and nega- 

* Journal I.E.E., 1928, vol. 61, p. 829, 


tives? What would be the probable percentage of 
original capacity at the end of the battery’s economic 
life? A type that can be easily dismounted would 
appear desirable for many classes of work. Does the 
Tungstone method give satisfactory connection of plates 
to busbar as compared with burning ; also, what trouble 
is caused by fitting new plates in parallel with old ones 
in any cell? Are the plates of pure lead, or is any 
antimony added ? What is the limit to the depth of 
plate introduced by stress in the top sections, and have 
the lower portions of very deep plates the same, capacity 
per square foot as the top? Is the cause of reduced 
capacity at high discharge rates known ; is it the reduced 
porosity of the active film? In wireless H.T. batteries 
an alternating current is superimposed on a direct 
current, whilst in charging from rectifiers there is a 
pulsating current analogous to the above. Does the 
operation under these conditions affect either the life 
or capacity of the battery ? Is the life of cells reduced 
when operating under the arduous-conditions associated 
with the Ventimotor? Anti-spray films would appear 
to be very desirable for low-capacity cells, where leakage 
reduction is important. Would these be satisfactory 
for portable batteries, or would the shaking and vibra- 
tion give trouble ? 


[The author’s reply to this discussion will be found 
on page 496.] 
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Prof. F. G. Baily: Storage batteries have been 
the subject of papers at frequent intervals for nearly 
50 years and even now there is fresh information to be 
imparted, although the author avoids the thorny ques- 
tion of the chemistry of the plate. His results with 
** Blancol ” are important, and I can confirm his experi- 
ence with small cells, although in a warm room I find 
that some water is evaporated through the oil. The 
production of plates that do not require a long first 
charge may have a. more important result than a mere 
saving of trouble. When a battery is installed 1t is 
usual to find the density of the acid lower than it was 
when put in, and in my experience it does not always 
rise again even after repeated long charges. Evidently 
sulphate is formed inside the plate, and this appears to 
be permanent, so that the plates, probably the negatives, 
have lost some capacity at the start. Any method 
of avoiding this will be of considerable value, for lost 
capacity in a negative is lost for ever. The trickle 
charge is interesting for the same reason, that it should 
prevent internal sulphation in negatives that are not 
being discharged and charged sufficiently often. We 
cannot take it for granted, however, that the trickle 
charge will do this over a long period of time, though 
it should be of some benefit where a battery is idle for 
a few weeks or even months. The author deals with 
wind power and batteries, but he does not give the one 
piece of information really required, i.e. the number of 
consecutive calm days which are likely to occur. 
Meteorologists tell us the average velocity of the wind, 
and the number of days in a year during which the 


velocity was below 4 m.p.h., but I have never yet found 
a record of the longest time during which the wind did not 
exceed that value, and that is the one essential factor in 
determining the size of battery required. Windmills 
have the advantage over water power that calm periods 
are much shorter than droughts, at any rate in the east 
of Scotland; but a calm for even 4 days would entail 
a strain on the battery. 

Mr. E. Seddon: Those engaged in the electricity 
supply industry should regard the storage battery with 
the greatest respect, as it was this which helped to 
build up public confidence in the early days of electricity 
supply, when surface-wound armatures were used in 
magnet frames without commutating poles. We may 
have said many unkind things about the messy nature 
of maintenance work, but any storage battery of re- 
putable make will well repay the expense of efficient 
maintenance by the increased service given. Looking 
to the future and having regard to the fact that a.c. dis- 
tribution will become general practice, large storage 
batteries for safeguarding public supply will probably 
disappear. There is also not the same need for large 
battery installations for stand-by purposes now that 
the interconnection of stations is being carried out under 
the 1926 Act. Moderate-sized batteries will, however, 
continue to be used in power stations for safeguarding 
the supply to certain essential auxiliaries and for pilot 
lighting in the event of a breakdown. Where batteries 
are installed in power stations for the purpose of guaran- 
teeing a supply to essential motors, it is becoming general 
practice to supply these machines from the a.c. system 
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through a motor-generator floating across a battery. 
In the event of a breakdown of the main plant the 
motor-generator trips out and leaves the favoured 
motors and pilot lighting on the battery. This is the 
arrangement in use at Portobello station. In the 
Edinburgh rotary-convertor substations a battery is 
provided for tripping purposes and also for supplying 
pilot lighting through an automatic switch in the event 
of failure of the main supply. Regarding emergency 
storage batteries for public institutions, I have advo- 
cated their installation for pilot lighting on a number of 
occasions, but this advice is often misunderstood and 
the authorities responsible are apt to think that such 
advice is an admission of the unreliability of the public 
supply, so that the subject has to be handled with care. 
There is no doubt, however, that such buildings as 
hospitals, theatres, etc., should have a reserve supply 
for pilot-lighting purposes, which would automatically 
come into action should the public supply fail. There is 
an ever-growing demand for storage batteries of small 
capacity for portable purposes, such as car-lighting and 
starting, portable trucks, train-lighting, wireless, etc., 
and a greater percentage of the public are acquiring the 
necessary information to enable them to take an intelli- 
gent interest in their batteries. In my opinion there 
is still a vast field for storage batteries, especially in the 
smaller sizes. 

Mr. R. B. Mitchell: I view the opinions expressed 
in the Appendix in much the same way as Mr. Seddon 
has done, and I think it must be admitted that the day 
for large batteries in central supply stations is past, 
one reason being the general change-over from d.c. to 
a.c. supply which is taking place throughout the country 
at the present time. Batteries are extensively used in 
substations for general supply in New York. In that 
city it is absolutely vital that there should be no failure 
of supply, as the conditions are so severe. During the 
day time the sky-scrapers contain such a huge popula- 
tion that if a panic occurred and the whole population 
of these buildings ran into the streets, there would be 
three tiers of humanity piled on the top of each other. 
That possibility cannot be contemplated, and the authori- 
ties consider that they must have batteries at all costs 
to maintain the supply in the event of a failure at the 
power station. From the point of view of the supply 
engineer, it is certainly a great advantage to have a 
battery for stand-by purposes in the substation, but, 
frankly, I am afraid of the capital expenditure which 
would be required and also the cost of maintenance, 
and we have at this time to try to rely on batteries in 
power stations merely for emergency lighting, emergency 
excitation, switch-tripping, etc. The house turbine set 
is generally utilized to deal with the supply to station 
auxiliaries during an interruption. I agree that it is 
very desirable to have battéries in hospitals, particu- 
larly for the operating theatre, but they must be kept 
in good condition. In a large infirmary in Glasgow a 
battery was installed as a stand-by for lighting in the 
“Operating theatre, arid for 7 years that battery fulfilled 
its purpose but was never required. It had not been 
well looked after and was ih a very bad state of repair, 
and the battery makers advised a complete renewal. 
The authorities would not face the expense of this 


because they thought the battery would never be used, 
and they scrapped it. Very shortly after that two 
failures of supply took place when operations were in 
progress, but rather than purchase a new battery some 
sort of patent paraffin lamp was installed, and that, I 
believe, is in use at the present day. The author deals 
mostly with batteries for stationary purposes, whereas 
I am particularly interested in batteries for traction 
purposes. If battery makers could invent a battery 
which would be just about half the weight for equivalent 
capacity that it is at the present time, then the load 
factors of supply undertakings would rise very rapidly, 
as electric vehicles would be used to a very much greater 
extent in large cities, particularly as makers now give 
a 3 years’ guarantee with the batteries which they 
install. Storage batteries were of great service in 
furthering the development of electricity supply, especi- 
ally in the early days, and they are now being used 
for an increasing number of purposes. 

Lieut.-Commander G. D. Sharp: Batteries are 
sometimes used for purposes for which they were never 
intended, and in one case of which I have knowledge 
a battery is being used in connection with an a.c. supply 
to help to keep down the maximum demand. This is 
in connection with the supply to a large institution 
where a stand-by battery is required, and was originally 
installed to supply current during the night in con- 
junction with a private plant. Recently a change- 
over was made to a bulk supply, a converting plant 
being installed, and the intention is to use the battery 
to assist in keeping down the maximum-demand charges 
by coming into operation during heavy peaks in winter. 
The method of trickle charging suggested is very interest- 
ing, and I should be glad to hear the results obtained 
after a number of years’ running. I rather gather from 
the paper that the scheme has been in operation for 
only a comparatively short time. 

Mr. J. Lingard : One example of an uncommon use 
for a battery occurred in the early days of electricity 
supply. A power station contained a fairly large gas- 
engine plant and a battery, with the usual equipment 
of air cylinders, compressors, etc., for starting up. As 
the plant grew and the demand increased, the starting- 
up problem became very serious, and more than once we 


were very nearly shut down, due to shortage of com-. 


pressed air. The battery saved the situation. A liquid 
startor was arranged with the battery floating on the 
busbars, the battery was used for motoring the main 
generators, and there was no further difficulty in start- 
ing up the sets. A study of the paper shows that one 
of the weaknesses of the storage battery is the mechanical 
design. Has consideration ever been given to the 
manufacture of positive plates by an electrolytic pro- 
cess, depositing lead on a suitable former ? The instru» 
ment for testing water will, I think, be very useful. 
At one time we had a distilling plant in Edinburgh, but 
it gradually fell into disuse and later on was found to 
be unnecessary, as the battery makers accepted the 
city water. ‘‘ Blancol ” is an extremely useful addition 
to battery equipment, especially in places where the 
space is confined and explosive gases are liable to 
accumulate. The largest battery we have is of about 
2 000 ampere-hours capacity, and the practice adopted 
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since the start has been to trickle-charge during a period 
of three weeks. Occasionally in that period perhaps 
a short, brisk charge is given to “ liven up ” the battery. 
At the end of three weeks the battery is discharged and 
a normal charge is given. I cannot agree with the 
author’s remarks in regard to the d.c. supply to auxi- 
liaries. It is a very controversial subject. We have 
no d.c. auxiliaries at all, except an emergency circu- 
lating-water pump. At one time the practice adopted 
was to keep an a.c.—d.c. motor-generator floating on the 
1.t. favoured-section busbars with one station feeder 
and a reverse-current relay connected in each auxiliary 
station transformer circuit. This arrangement has 
proved to be unreliable as, just recently, the very in- 
stallation which was to safeguard the station failed, 
with the result that there was nearly a very serious 
breakdown. That has caused us to review the whole 
system, and at the moment we are running " solid ” 
without any automatic appliance in circuit for the 
maintenance of power to auxiliary motors. The 
battery, however, remains indispensable for the motor- 
generators. The replies to the author's questionnaire 
are extremely interesting. It is altogether a question 
of the angle at which one looks at this question of the 
utility of batteries in central-station work. If it is 


proved that batteries are useful and that they provide — 


security, the question of ecggomy does not enter into 
the matter at all. 

Mr. G. Henderson : I should like to call attention 
to one or two matters, more particularly from the point 
of view of the manufacturers of electrical plant. ,On 
page 460 it is stated that with the special silent gene- 
rator ‘‘ Continual attention is found necessary, as the 
brushes need changing every -3.hours.” I have seen 
many specifications for Post Office gerierators and I 
have designed machines for silent operation, but I have 
never considered it necessary to specify a brush which 
had to be replaced every 3 hours. I should be very 
glad if the author would give some more information on 
this point. I am very interested in the ‘‘ roundabout ” 
method of charging batteries ; the usual battery-charging 
generator has to cater for a voltage variation of about: 
50 to 60 per cent. What is the author’s opinion of 
trickle charges in automatic stations, especially hydro- 
electric stations where a battery is necessary for certain 
functions during starting up, these batteries being 
charged through some form of rectifier from the a.c. 
mains? In such cases a heavy discharge is experi- 
enced in starting up, and perhaps there are long periods 
during which the battery is doing no work. 


[The author’s reply to this discussion will be found 
on page 496. ] 
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Major A. M. Taylor: I have been intimately asso- 
ciated with the development of batteries for dealing with 
very big loads in large generating stations, but the 
rapid transition from d.c. to a.c. working has in most 
cases taken away all opportunities for this class of 
work, and it seems to me that, except for such stand-by 
purposes as are indicated in the paper, the field for 
accumulators in large power stations is non-existent. 
On the question of installing accumulators on consumers’ 
premises, if accumulator makers could only overcome 
certain difficulties they might find a very large field in 
installing batteries in the premises of very small con- 
sumers, such as those residing in ordinary private 
houses. The difficulty of the high cost of the accumu- 
lators could be partly met by using only a very few cells 
of the largest type, rather than a great many small 
cells. This would, no doubt, „involve the use of a 
motor-generator, which might consist of a Faraday- 
disc type of motor running at a very high speed and 
coupled to a tiny alternator. If the battery could be 
charged during the night at the 4d. per unit rate, then, 
in the case of a supply system selling current to private 
consumers at 44d. per unit, 4d. would be saved on 
every unit. I have calculated that this 4d. would be 
sufficient to pay the interest on the battery at 6 per 
cent and in addition a combined maintenance and 
depreciation charge at 11 per cent, based on a capital 
outlay on the battery of about £12 per kW. From 
this it would appear that, with an undertaking offering 
current at 44d. per unit, there is just an opening for 
accumulators on consumers’ premises if the accumu- 
lator companies would provide the battery and maintain 
it, and if the consumer would pay the 4d. per unit to 
the battery company for so doing. On stations charging 


more than 44d. per unit to the consumer there would 
be a decided opening for the battery. The advan- 
tages of using a very large accumulator cell are that 
it would need a very greatly reduced floor space on 
consumers’ premises and would also cost less. The 
difficulty of having to transform all the energy. from 
direct to alternating current might perhaps be avoided 
by using, say, 10 smaller cells instead of one large, 
single cell, and a low-voltage auxiliary circuit for 
heating and cooking. This would avoid the necessity 
for transforming the energy into alternating current. 
In my opinion, unless the interest and depreciation on 
the cells can be paid for out of the rebate allowed by 
the central station, there is little possibility of cells 
being installed on consumers’ premises, except in 
certain cases where, for the sake of security, it is 
absolutely essential to have accumulators. . 

Mr. J. A. Cooper: I am rather surprised that the 
author has confined himself exclusively to lead batteries. 
The nickel-iron battery has certain advantages over 
the lead-plate battery, one of which is that it does not 
require work to keep it in a healthy state. Why did 
the author exclude the nickel-iron battery, and can he 
explain its apparently slow development? The question 
of cost cannot, I think, be the only one which prevents 
it from being more commonly used, as the cost of 
material and production would, no doubt, decrease 
with increase of demand. Does the author know of a 
really good method of taking the specific gravity of acid 
covered by an anti-spray film? I have found that the 
oil attacks the rubber nozzle of the ordinary syringe 
type of hydrometer, and it also tends to make the 
reading of the floating type of hydrometer difficult, 
particularly if the battery is placed in such a position 
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that dust gets into the oil and makes it dirty. Why 
is it that the lives of small high-tension and low-tension 
batteries appear to be so short as compared with those 
of central-station batteries? The author quotes a life of 
from 12-15 years for a central-station battery, whereas 
I have found that very small high- and low-tension 
batteries in regular daily use have a life of only approxi- 
mately 2 years, and this with constant attention to 
voltage and specific gravity. Moreover, the makers of 
the batteries I have in mind seem to be quite satisfied 
with these lives. 

Mr. J. Coxon : On page 455 the author discusses two 
methods of providing for increase in capacity. As he 
points out, either method has considerable disadvantages, 
and it seems probable that in many cases it would be 
more advantageous to install the ultimate capacity at 
the start and to work the battery lightly for several 
years, since if his method (2a) is adopted there is the 
additional expense of putting in larger charging plant 
when the increased capacity is required. Alternatively, 
if charging plant of the ultimate capacity is installed at 
the commencement, then such plant will be operating 
at light load and low efficiency for the initial period. 
I should like some expression of opinion on this. On 
page 456 the author states that the British Post Office 
now stipulates that carbon expander must not be used. 
I understand, however, that this is not the case. Have 
other expanders been found to bè as satisfactory as 
carbon? Trouble in this respect is not unknown and 
in one non-carbon type with which I am acquainted 
the expansion has been both excessive and persistent. 
On page 459 mention is made of the desirability of a 
standard specification. Personally, although I should 
like to see. the P.O. standard tests based on 10 instead 
of 9 hours, I consider that the P.O. tests provide for 
all that is required. They certainly find out a weak 
battery, and if a battery gets through these tests on 
completion its capacity will generally improve with use. 
The method suggested by the author does not appear to 
possess any advantages over the P.O. test, and I cannot 
see why a second discharge should be advocated, since 
both the ampere-hour and watt-hour efficiencies and 
capacity can be taken on a single cycle. It is no small 
matter to get rid of the enérgy stored in some of these 
large batteries and, in addition to the value of this, 
the time taken is considerable. It should be noted that 
the Post Office starts its tests from a minimum or dis- 
charged state, i.e. 1-83 volts at normal discharge rate, 
and it is considered that this condition is more readily 
definable than is a fully-charged one. On page 460 the 
author describes special applications, including methods 
adopted in the United States and by the British P.O. 
engineers. He says: “ British Post Office engineers 
consider that a full floating policy is not suitable for 
automatic exchanges in this country.” I should like 
him to correct this and say: ‘‘ Some Post Office engi- 
neers.” In addition, perhaps he will express his opinion 
why it is not suitable in this country, if it is so in others. 
On the same page he also says: “ The floating-battery 
system has been found to be uneconomical in respect of 
annual costs for power and maintenance,” but I am 
doubtful whether it has ever been fully and fairly tried 
out in this country. For a telephone exchange it is 


— 


important to have a constant and reliable supply of 
steady direct current, and while satisfactory telephone- 


type generators are available it would seem quite 
' unnecessary to pass the whole of the energy through a 
‘storage battery. A relatively small-capacity battery 


connected across the supply to the exchange ensures 


‘reliability and is an advantage in: damping out any 


slight ripples due to commutation or other causes. 
With the duplicate-battery system the losses through 
the batteries are from 35 to 40 per cent. Surely this 
saving will more than pay for the slightly increased cost 
of telephone-type generators, and, in addition, the 
saving in capital and maintenance costs and in space 
would be very considerable. The costs with duplicate 
batteries are now amounting to stupendous figures, 
On page 461 the author quotes official figures which. 
show that, in London only, in 15 years the consumption 
for telephone exchanges will reach 30 million kWh. 
Assuming this to be all supplied from batteries and the 
loss therein to be only 30 per cent, the annual value of 
such losses at ld. per unit will be £37500. In the 
next paragraph, official figures are quoted to show that 
the annual consumption will reach 100000 kWh in 
9 hours. Assuming that this is meant to show the 
“ daily discharge,” then on the same basis the loss 
through batteries will be £45625 per annum. These 
figures do not, of course, include attendance, renewals 
and upkeep. I feel that such figures as these justify 
further inquiry and research into the parallel working of 
exchanges direct from motor-generators, with a battery 
of much smaller capacity as a stand-by. On page 462 
the author describes “ trickle charging,” and on page 468 
he points out that “ It has long been an axiom that a. 
battery must have work to keep it in healthy condition,” 
and later on says that unless a battery is occasionally 
fully discharged it cannot be charged to an extent which 
will ensure that it will give its maximum capacity, 
yet on page 469 he states: “ Under the trickle-charging 
scheme the full rated capacity . . . is always available.” 
In view of this, will he describe more fully how the 
life and capacity of a battery will be affected by 
trickle charging? He has mot mentioned one use to 
which storage batteries can now be put with advantage 
in places where the supply undertaking offers specially 
reduced rates at certain periods of the day or night, 
usually the latter. In certain cases, with d.c. plant it 
will pay to install a battery to take advantage of these 
low rates. The ‘‘roundabout’’ method of automatic 
charging is interesting, and such an arrangement 
might be applied to a telephone exchange. The voltage 
variation on an automatic exchange is usually from 
46 to 52, and therefore with a ‘‘ roundabout ’’ method of. 
charging the 24- or 25-cell battery might be charged in 
groups of 4, 5 or 6 cells, with a variation of 3 to 5 volts. 
Such a system would require a single battery only, 
could be worked in parallel, and would reduce the size 
and therefore the capital cost of the charging plant. 
The load factor of the plant would be improved by the 
longer running hours, and thus result in lowering the 
cost of energy purchased. An extra group of cells 
would enable any group to be out of action for overhaul 
or special treatment. 

Mr. G. Rogers ; The author states on page 453 that 
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cement floors for batteries are quite satisfactory, 
especially if served with tar. My experience of battery 
floors made with concrete, cement and asphalt has been 
very unsatisfactory. The asphalt is very quickly 
attacked by the acid, and the effect of the acid on the 
concrete beneath is very destructive. The type of floor 
standardized in our battery rooms in Birmingham con- 
sists of vitrified blue brick set in pitch. This makes a 
perfect floor and has given no trouble whatever. I 
have recently heard of a new preparation of battery- 
room flooring called ‘‘ Prodorite,’’ which is claimed to 
be acid-proof, non-abrasive and electrically non- 
conducting. From the details submitted it would 
appear to be an ideal flooring for battery rooms, and I 
should be very glad if the author could give me any 


information on this point. With regard to the use of 
anti-acid-spray films, it is very difficult to decide 
whether it is advisable to use this means of preventing 
spraying and loss of acid in large stationary batteries. 
The author seems to suggest that in such cases serious 
damage might be done to the cells in the event of the 
oil being carried down into the plates during a heavy 


discharge. Further, large battery rooms of this nature 


aré usually far from being free from dust and dirt, and 
the accumulation of dirt on the oil would, I am afraid, 
lead to serious trouble. I shall be glad if the author 
will throw further light on this point. 


[The author’s reply to this discussion will be found 
on page 496.] 
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Mr. E. Thomas: The author has asked me to go a 
little more fully into the City of London Electric Light- 
ing Co.’s scheme in which a large battery was installed 
for the maintenance of the supply to the auxiliary plant. 
Since the advent of extra high tension, and 30 000-volt 
cables, the maintenance of supply in large stations has 
been a matter of some difficulty. I do not suppose there 
is any station with high-tension supply which has not 
experienced a shut-down either in connection with the 
main plant or some section of the system. The City of 
London Co. decided to install a battery for the main- 
tenance of their auxiliary plant. They were determined 
to have everything which could be provided in the way 
of safeguards, and the result is that the installation is 
more complete than any which has so far been erected. 
The auxiliary plant—and by auxiliary plant I mean the 
circulating pumps, air pumps, and so on—if fed from the 
main plant is, of course, shut down when the main plant 
is shut down, and on the other hand the main plant 
cannot easily be started up without the auxiliary plant. 
To have a battery in reserve to supply the auxiliary 
plant is extremely convenient in many respects. This 
is the first time the trickle charge has been employed in 
this country and it has been extremely successful. The 
gear is not really as complicated as it appears to be from 
the lantern slide. One point on which incorrect views 
are commonly held is important in regard to batteries 
used in connection with the maintenance of the supply 
to auxiliaries. Imagine that a battery is on charge, that 
the voltage has risen to 2:3, 2-4 or 2-5 volts per cell, 
and that it is necessary in an emergency to cut out the 
booster and to throw the battery on to the line. It is 
often assumed that in such a case the voltage would drop 
almost instantaneously from, say, 2-5, to about 2-0, but 
that is not correct. On test it will be found to require 
several seconds to reduce the voltage to this figure, even 
at the one-hour rate of discharge. The importance of 
this is very great, and it is certainly not properly under- 
stood in many of the installations put in for emergency 
work. If a charging battery is thrown directly on to the 


auxiliaries the probable result will be that the overload ` 


devices which are protecting the auxiliaries will operate, 
and the auxiliaries will cut themselves out after all. If 
that system must be adopted, on account of its cheap- 


| ness, it is surely desirable that the motors driving all 


auxiliaries should be provided with heavy compound 
windings. Another interesting point arose a short time 
ago. A substation was shut down when supplying some 
30 000 amperes from the outers. It had to be got away 
again on a load composed mostly of metal-filament 
lamps. Careful experiments show that the resistance of 
such lamps when cold is from one-twelfth to one-six- 
teenth of the resistance of the same .lamps when hot. 
The station could only be got away again by starting 
up all the machines and endeavouring to switch them all 
in at the same moment. Owing to the low resistance of 
cold lamps, such a system, on a complete shut-down, 
would be ready to accept at normal voltage something 
like 300 000 amperes at the first shock. The resistance 
would of course rise very rapidly, but at the same time 
this example shows what a great problem it is for a 
station of any size to start up on a load composed largely 
of metal-filament lamps. In this particular case the 
station was enabled to start up due to the fact that there 
were some small batteries in the substation which were 
quite inadequate for the load, but which were left on the 
line. Now only 2 per cent of normal voltage applied to 
a metal-filament lamp may raise its resistance to nearly 
double the cold value ; while 20 per cent of normal 
voltage will raise the resistance to about 5 or 6 times the 
cold resistance. The result was that these small bat- 
teries succeeded in raising the resistance of the lamps to 
a sufficient extent to prevent a dead short-circuit. These 
batteries have now assumed a new value and they will 
probably be retained in service until some special means 
of starting up without shock to the system or machines, 
which have been planned out, are installed. 

Mr. W. J. Medlyn : On page 455 there is a reference 
to various methods of making provision for increasing 
the capacity of a battery for a growing load. One 
method described is the installation of a Second battery, 
which I understand is to be in parallel with the first 
battery for both charging and discharging. Some 20 
years ago I designed an installation on these lines for use: 
in Manchester, partly for the reason mentioned by the 
author, and partly for other reasons. At that time the 
load could be carried by two batteries joined in parallel. 
Charging current was available from a 110-volt d.c. 
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supply and, in order to save the cost of providing a 
motor-generator, it was an economy to charge the two 
batteries in series direct from the mains. The ultimate 
intention was to charge three batteries in series and to 
discharge them in parallel if required by an increase in 
the load, but owing to a change of conditions this scheme 
did not mature. The arrangement of discharging the 
two batteries in parallel has worked quite satisfactorily, 
and it is still in operation with two batteries of 900 
ampere-hours capacity each, or a total of 1 800 ampere- 
hours in parallel. Renewals have, of course, been neces- 
sary since the original installation, but the life of the 
battery under these conditions has been normal. I 
believe that at the time of the installation the views of 
battery makers generally were unfavourable to any 
arrangement for discharging two sets in parallel, but I 
gather from the paper that their views have undergone 
a change in this respect, and I shall be glad if the author 
will say whether this is so. The arrangement of group- 
ing the plates in small units described in the paper 
appears to be somewhat analogous to joining a number 
of batteries in parallel, with the exception that the 
groups of plates comprising a cell are immersed in a 
common electrolyte instead of in separate vessels. The 
advantages of the arrangement have been indicated by 
the author and, so far, the working results have been 
satisfactory. At Liverpool we have a battery of 11 cells 
of 5 870 ampere-hours capacity, each cell being made up 
of 7 groups of plates. The positive sections are com- 
moned by means of a busbar at the positive end of the 
battery, and the negative sections are similarly com- 
moned at the negative end. The negative sections are 
also commoned at No. 6 cell, and the positive sections at 
No. 7 cell, counting from the positive end of the battery. 
It has been noticed during charging or discharging that 
potential differences occur between the various positive 
groups in the same cell, and similarly between the nega- 
tive groups in the same cell, but of course there is zero 
potential difference at the end cells of the battery where 
the groups of plates are commoned on the busbars. I 
should like to ask the author what is likely to happen if 
the positive and negative plates become short-circuited 
in one-of the groups in an intermediate cell. That group 
would of course become dead, and no doubt the specific 
gravity of the electrolyte would fall, but would the 
remaining groups continue to function in any way? 
Mr. J. N. Southern : Referring to page 458 under 
the heading of “ Anti-spray films,” does the sediment 
thrown off the positive plates adhere to the film of oil 
on the top of the cells? If so, it would seem likely to 
form a metallic contact between the plates of opposite 
polarity. I have noticed that the oil, after a time, 
becomes streaky and lies in layers, and a substance 
similar in appearance to lead peroxide adheres to the 
oil. This. coating of oil saves time and expense in 
-topping-up with distilled water, but if, after a period, 
the oil holds a metallic substance, surely the time saved 
is more than nullified by the damage caused by short- 
circuiting between the plates. The author refers to 
sealed-in batteries. The type is no doubt popular, but 
have the cells the same length of life as the open-top 
type? Gases must accumulate in the cells, Do these 
gases have any damaging effect on the life of the cells? 


I am sorry that the author makes only slight reference 
to the use of storage batteries for traction work, for 
which, in my opinion, they are well suited. I do not like 
to draw comparisons between England and America to 
the discredit of ourselves, but in New York the traffic is 
quicker and safer and horse-drawn lorries have been 
forbidden in the city. I believe that for city use the 
battery-drawn vehicle, on account of its easy manipula- 
tion, rapid acceleration and low running cost, would make 
for better health, safer streets, more kindness to animals 
and less congestion of traffic than is the case at present. 
It was recently stated in the technical Press that, in 
order to reduce congestion on the streets, the American 
Railway Express Co. had ordered 54 3$-ton electric- 
battery vehicles to replace approximately 200 horses. 
It was also stated that this brought the total fleet of the 
company up to 2 000 electric vehicles. I should like to 
appeal to the electricity supply undertakings of this 
country to provide more facilities (both in price of cur- 
rent and number of charging stations) for the charging 
of batteries for electric vehicles, and thus help to popu- 
larize the use of storage batteries. 

Mr. W. Dundas : The most important section of the 
supply for which a stand-by battery is a valuable asset 
is that of lighting in the densely loaded area in the centre 
of the town, but with the development of the load that 
becomes increasingly difficult and costly, and where 
batteries are installed the stand-by is provided for the 
more important consumers and, for many reasons, can- 
not be arranged as advantageously as desired. The 
factor of reliability will no doubt be increased by the 
interconnection of several supply stations, when the possi- 
bility of losing the whole of the h.t. supply will be 
minimized. Those with experience in large and impor- 
tant d.c. stations fully appreciate the value of the 
battery, which has saved the situation at many a critical 
moment, besides providing flexibility in operation 
generally. The success of a battery depends largely 
upon the attention given to it. For the best results a 
qualified attendant, interested in the work, is essential. 
To leave the work to casual attention leads to trouble 
and ultimate expense. Then there is the problem of 
storm loads in summer, resulting in considerable and 
rapid rise in the lighting load. In the city area of Man- 
chester the load has been doubled in 10 minutes, in 
which time it would have been impossible to parallel 
additional plant to cope with the rate of increase in 
the demand. The effect of such loads is well illustrated 
in a recent article in the Electrical World, in which an 
unexpected rise of 69 per cent above the normal is 
recorded ; 45 per cent was carried on steam plant, and 
24 per cent on the storage batteries used as stand-by. 
In other words, 44 000 kW was provided by batteries, 
showing that American supply engineers still maintain a 
large battery capacity in reserve. It is somewhat sur- 
prising to note the extent of the area affected by the 
storm, and although it occurred only on the one day 
during the summer it emphasizes the necessity of main- 
taining a considerable capacity of stand-by plant in 
reserve to meet such conditions, unless a timely and 
reliable warning can be expected. The system of 
trickle charging referred to in the paper appears to be a 
new innovation, and contrary to the usual practice and 
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to the axioms laid down by the author. Further infor- 
mation on the subject would be of interest and value in 
connection with its adoption to existing Planté batteries 
used solely for stand-by purposes. What, in the author's 
opinion, is the life of stand-by batteries? The suit- 
ability of condensate for topping-up has been questioned. 
Tests carried. out on condensate have indicated the 
presence of 0-004 grain of iron as ferric oxide per 
gallon, or 0-0057 milligram per 100 cm’. Would that 
be considered unsuitable? Can the author give any 
information as to the effect of impurities which may find 
access to the batteries in dusty situations ? The pre- 
sence of an oil film on the surface of the electrolyte 
appears to suffer many disadvantages, besides adding to 
the difficulty of taking readings of specific gravity. 

Mr. T. E. Herbert : The author says nothing of the 
chemistry of the secondary cell. From the days of 
Gladstone and Tribe and the double-sulphation theory 
there has, so far as 1 know, been no real advance until 
the formulation of the Pb,O; theory by M. Fery, i.e. that 
the positive active material is Pb,O, rather than PbO,. 
In the research work which must constantly be proceed- 
ing it seems possible that an authoritative reply can now 
be given as to what really happens in a secondary cell 
and just what causes the sudden voltage rise and fall at 
the end of a charge and the beginning of the discharge 
respectively. With skilled attention a secondary cell 
gives little or no trouble, but it certainly gives great 
trouble if it is not properly looked after. Generally, the 
troubles are due mainly to failures to attend to minor 
defects with promptitude and to ensure that the cells are 
properly treated. A cell behaves like a human being in 
that if there is failure to use a function, the function 
decays. In the same way, a secondary cell which is 
repeatedly and continuously used to only 10 per cent of 
its full capacity, and then charged, tends to atrophy and 
consequently to have a capacity of only 10 per cent. 
Hence when a sudden call comes the battery is liable to 
fail. This contains the prime objection to floating a 
battery on a generator for telephone exchanges unless 
special precautions are taken to ensure periodical full 
discharges. For telephone purposes secondary cells are, 
of course, an absolute necessity. There is no other 
practicable alternative, since current without ripple 
impurities must be provided. There is the further con- 
dition that the battery must have a very low value 
of internal resistance in order to avoid cross-talk be- 
tween the various circuits which it supplies with speak- 
ing current. This remark is not without its significance 
in connection with the Post Office plan of inter-cell con- 
nection. It has also, I think, other advantages in the 
case of renewals. I have not personally had any real 
evidence of unequal distribution of current between the 
plates in a large cell due to the use of the single inter-cell 
connection, but it is possible that the author may have 
some further remarks to make on this subject. On 
page 455 the author discusses displacement tanks and 
describes the lead-partition alternative. His main 
criticism of the former rests, I think, on the fact that the 
tank has only scrap value on recovery, but I should have 
thought that, with the attempts at standardization 
which have recently been made, there would have been 
some prospect of utilizing the recovered tanks on new 


batteries. Would there be any very serious objection to 
the use of a vitrified stoneware displacement tank? 
Certainly the lead-partition device does not appeal to 
me as the ultimate solution of the problem. The only 
reference to pastes is on page 456, where the author tells 
us that the Post Office Telephone Department has barred 
the carbon expander in favour of barium sulphate. I 
think it is common knowledge that.the composition of 
the paste varies with the use to which the cell is to be 
put, and also that the practice of the various makers has 
never been disclosed. If the author would give, in his 
reply, a few general remarks on the result of his research 
work, they would no doubt be greatly appreciated. 

Mr. A. E. Banks: The methods of providing for 
increase in capacity outlined in (2a) and (2b) on page 455 
appear to offer some advantage over the method de- 
scribed in the first paragraph. By providing space in 
the container to meet future expansion the existing 
container need not be disturbed when the extension is 
carried out. This might be included as an advantage 
from the point of view of the customer. As regards the 
difficulty of designing satisfactory displacement tanks, 
has any serious trouble been experienced on account of 
leaking tanks or cell partitions? Such cases have been 
very rare in telephone exchange batteries in the Man- 
chester district. The rearrangement of plates according 
to age is of advantage in so far as it affords an oppor- 
tunity of cleaning out the sediment and replacing any 
plates which are defective—points which are otherwise 
liable to be overlooked. At the same time it seems 
fairly obvious that if it were practicable to design a 
plate-connecting strip so as to allow of each plate being 
separately bolted to it, and if such bolted connections 
could be made quite satisfactorily in the case of large 
cells (i.e. those exceeding 2 000 ampere-hours capacity) 
plates could be withdrawn, interchanged or renewed 
with considerably greater facility than obtains at pre- 
sent. What is the author’s view of this suggestion? I 
can fully confirm the necessity of avoiding impurities in 
suspension and current-carrying lugs, referred to under 
the sub-heading “ Positive plates.” This has been the 
cause of serious trouble in more than one battery in 
Manchester. Under the same heading reference is also 
made to premature collapse from mechanical weakness. 
Has this weakness now been overcome in the case of the 
Rosette type of positive plate? The long life of box 
negatives, which is commented upon in the paper, con- 
trasts very markedly with that obtainable from positives 
which usually become exhausted in a comparatively 
short time; and it seems reasonable to consider whether 
anything cannot be done to increase the life of the posi- 
tives so as more nearly to match that of the negatives. 
When positive plates are renewed it is usual to replace 
both positive and negative groups unless the negatives 
are in at least fair condition, since new positives tend to 
lose capacity when paired with old negatives. This 
wastage of unexhausted negatives would, of course, be 
avoided if a positive could be designed to give approxi- 
mately the same life as the negative. Alternatively it 


- is a question whether some economy could not be 


effected at the expense of the negatives, i.e. whether the 
negatives are not unduly costly. The use of carbon as 
an expander is said to cause discoloration of the anti- 
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spray film. “ Discoloration ” is rather a mild term to 
use in this connection, as unless steps are taken to pre- 
vent it the film of oil may in time become an opaque mass 
as much as } in. thick. When this condition develops it 
prevents proper inspection of the plates and considerable 
time is necessary to effect the removal of the scum. The 
advantages derived from the use of the oil are, however, 
not overstated in the paper. It is now six years since 
the practice was first introduced by the Post Office and, 
so far, no harmful results have been observed in the 
Manchester district. Last year the Post Office arranged 
for oil to be added to new batteries prior to the com- 
mencement of the initial charge. It is probable that this 
will result in an appreciable rise of temperature before 
the initia] charge is completed. Has the author found 
this to be the case ? Incidentally it may be mentioned 
that if a plate requires to be added to a cell it should not 
be passed through the layer of oil in a dry condition. 
The paper contains a special reference to short-first- 
charge batteries. In a number of recent cases of this 
type of plate being installed a tendency to excessive 
flaking or skinning has been observed on the fraines of 
the positives. Can the author say whether this effect is 
common under such conditions or whether it is con- 
sidered likely that the effect was in no way accounted 
for by the special treatment of the negative plates ? 
With regard to the methods of making a discharge test 
given on page 459, that referred to under (b) is the one 
prescribed by the Post Office. It possesses the advantage 
that the actual capacity is thereby ascertained and sub- 
sequent behaviour can be better kept under observation. 
No reference is made in the paper to practicable limits of 
specific gravity or to the imposition of a cadmium test in 
the case of suspected loss of capacity on the part of 
positive or negative groups. In 1923 the Post Office 
decided that single batteries did not give adequate 
security, and all new exchanges have since been equipped 
with double batteries. This policy will presumably be 
applied also to automatic exchanges in this country. 
Apart from this, however, floating batteries are open to 
the objection that they cannot be given a proper cycle of 
charge and discharge without some difficulty. With 
regard to the special generator referred to on page 460 as 
being required with a floating battery, I note that it is 
confirmed that the brushes would require changing every 
3 hours. It is possible, however, to supply current to a 
manual exchange by means of a machine for a much 
longer period than this. 

Mr. A. B. Mallinson : In the paper there are many 
expressions of opinion with which I entirely agree, but 
on the other hand there are statements which 1 am bound 
to criticize. The author complains that battery makers 
are confronted with certain difficulties and makes refer- 
ence to batteries being set level and the floor giving way. 
1 suggest, however, that that is often the fault of the 
battery makers themselves. Why do they not, in their 
general arrangement plan, state what weights they 
propose to put on the floor? That plan goes to the 
architect, whereas the plan of the cell itself, which gives 
the weights, probably does not. But, even if it did, why 
should the architect have to calculate the total weight 
on each area when the battery maker can deal with the 
matter immediately from his data? Mr. Dundas raised 


an interesting point with regard to distilled water but I 
should like to go a little further and ask whether there is 
any objection to the use of the condensate from back- 
pressure engines which have no cylinder lubrication. It 
all depends on the amount of iron, etc., that is per- 
missible in the topping liquor. The expression “ dis- 
tilled ” is, to my mind, often a misnomer. I have seen 
men topping batteries with so-called distilled water 
which they had drawn out of a milk churn without a top. 
The electrolytic water tester is ingenious and I should 
like to know how much it costs. The company with 
which I am connected produces about 10 per cent of the 
lead that comes from Mexico, but the production is 
dropping and will continue to drop. No new fields of 
lead have been found in Mexico in recent years, and 
many have had to close down because they cannot 
operate at a profit with lead below £25 per ton. About 
1914 I looked upon the battery industry as a dying one, 
but in my opinion the creation of the “ grid,” which our 
President in his Presidential Address said was going to 
aim at 99 per cent reliability, will give it a new lease of 
life. If what we have been experiencing within recent 
months is the difference between 99-9 and 99 per cent 
reliability there are many people who will either have to 
install batteries or use gas for lighting. I know of cases 
where gas is being installed for emergency lighting. It 
is a very serious thing, for example, for a large emporium 
crowded with people to be plunged into entire darkness; 
the possible loss in a few minutes may be serious. 
Another example is large public institutions such as 
mental hospitals containing 2000 or 3000 feeble- 
minded people, all liable to get into a panic if the place 
is suddenly thrown into darkness. I can foresee the 
necessity arising, probably before very long, for making 
it compulsory to have a battery installed at the con- 
sumers’ end in such institutions. The argument that 
these batteries enable the station to start up does not 
help the consumer much if he is at the end of a bad 
cable. The appendices at the end of the paper have, in 
my view, lost a great deal of their value, as the questions, 
with the possible exception of the one addressed to the 
L.M.S. Railway Co., have been addressed to people 
concerned with the generation of the supply. If the 
questionnaire had been sent to the actual users of supply 
I consider that the replies would have been very different. 

Mr. G. F. Sills : Reference has been made to the 
question of purity of water. About a year ago I learnt 
from a garage that they customarily used the Man- 
chester Corporation water for topping-up batteries. I 
was informed by the Chloride Co. that so long as this 
particular water had not stood in a metal tank it was 
satisfactory for use in a car battery. This speaks very 
well for Manchester water. I should like to ask the 
author why it is necessary for some batteries to be charged 
to a higher specific gravity than others. Examples have 
been given as to the special uses of batteries. What 
seemed to me to be an up-to-date idea was in connection 
with some large switches which have been recently made 
in this country for use in New Zealand, consisting of 
three single-pole 110000-volt oil outdoor switches 
coupled together. They are electrically operated by 
means of a Lucas car-type self-startor and when it is 
desired to operate the switches a man goes round with a 
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car and plugs in the ordinary 12-volt car battery carried 
on the car. I have no doubt that considerably more use 
could be made of moderate-sized batteries in large 
popular stores, where a good deal of money may be lost 
indirectly, in more ways than one, in the event of a 
failure of the public supply. 

Mr. A. L. Lunn: As one who is in some degree 
responsible for the continuity of a municipal electricity 
supply, I cannot let pass this opportunity of repudiating 
the statements made with regard to the reliability of 
such supply. The author makes reference to a break- 
down which occurred in a city in the north of England 
on the first day of the New Year sale season, and which 
was alleged to have caused a loss of thousands of pounds 
to the unfortunate stores proprietors depending upon a 
municipal supply. It is no secret that in January 1927, 
an extremely unusual type of fault occurred on a small 
section of the Manchester city network, and—as is usual 
in such cases—the Press accounts were very highly 
exaggerated. The fault in question, moreover, was the 
first of its type in the history of the undertaking. . In 
view of the author’s comments, and the remarks made 
during the discussion, however, it may be of intérest to 
state that on the occasion referred to there was no stop- 
page of generating or substation plant, and the largest 
battery yet installed in this country was floating on the 
busbars supplying the affected area. This simply goes 
to prove that to attempt to provide a stand-by emer- 
gency supply for every eventuality would make the cost 
to the consumer prohibitive. Reference has also been 
made to failures caused by breakdowns on 33-kV cables. 
I can, without reservation, say that there has not been a 
single total shut-down on the Manchester system due to 
this cause. Mr. Thomas has remarked on the difficulty 
experienced in starting up—after an interruption to 
supply—a London substation which had been shut down 
when carrying a load of 30000 amperes. The solution 
of such a problem lies, not in the use of a battery, but in 
the sectionalizing of feeders, which will enable supply to 
be resumed in the orthodox manner. In my opinion, 
the only cases for the installation of batteries in 
modern power stations are: for operating switchgear; 
for separate excitation; and for emergency lighting. I do 


DUNDEE SUuB-CENTRE, AT 


Mr. D. H. Bishop : I should be glad if the author 
could tell us how the life of a battery is affected by its 
capacity in relation to the work it is called upon to do. 
Take, for example, the case of an isolated installation 
which has a battery of a size that requires charging 
every day during the winter months. What length of 
life could reasonably be expected of a modern battery 
given ordinarily good attendance, and how would it be 
affected if a battery of twice the capacity were installed 
instead? With a battery for stand-by use only, what 
exactly is the reason behind the recommendation for 
intermittent charging and resting instead of a con- 
tinuous charge? Are wood separators coming into uni- 
versal use for large batteries, and can they be relied on 
absolutely to prevent short-circuits between the plates? 

Mr. C. Lamb : What does the author consider to be 


not see any justification for incurring heavy expenditure 
by providing batteries as stand-by for station auxiliaries. 


- A.C. auxiliaries are as reliable as the main plant, and I 


do not consider it necessary to have either a d.c. supply 
or a battery supply for this service. Apart from the 
large initial cost and upkeep, all users of batteries know 
well what a nuisance they are. The only time 1 ever 
found a stationary storage battery to be an advantage 
was when there were occasions during the summer months 
—on Sunday mornings, after daybreak—on which no a.c.. 
supply was required, and it was then possible to shut 
down the running plant and provide the town supply 
from a battery. | 

Mr. E. P. Hill: Some years ago a breakdown occurred 
in a large power station in the north of England which 
caused a total shut-down of the supply, and it was stated 
at the time that it was due to the fact that some ‘of the 


_ alternators were excited from the station auxiliary bus- 


bars across which a battery was floating. One of the 
attendants switched in a stationary d.c. machine which 
he thought was running, and so caused a short-circuit on 
the station auxiliary busbars. The circuit breaker on 
the battery failed to open the short-circuit owing to the 
amount of inductance in the circuit, and the resultant 
arc and heavy battery discharge set the cables on. 
fire. This would indicate that precautions should be 
taken to ensure that a similar condition could not 
arise, and it is very essential that the circuit breakers 
controlling the battery circuits should be of sufficient 
capacity to break the circuits under all working con- 
ditions. I should like to ask the author what is the 
ratio of the instantaneous short-circuit from a large 
battery to that obtained from the same amount 
of rotating plant having a corresponding output. A 
point not mentioned in the paper is the smoothing-out 
effect on harmonic ripples from rotating or other forms 
of conversion apparatus, brought about by floating a 
large battery on the d.c. busbars, and this may in some 
cases be of importance from a telephone interference 
standpoint. 


[The author's reply to this discussion will be found on 
page 496.] 


DUNDEE, 8TH MARCH, 1928. 


the best lay-out of a battery room? Should the cells 
be so arranged that they can be viewed from both 
sides? Does the author agree that, owing to the diff- 
culty in arranging for the regulating or end cells to 
receive their normal charge and discharge, it would be 
better if at stated periods they were introduced into 
the main battery and replaced by other cells from that 
battery ? 

Mr. I. Sclar: It seems to me that there has really 
been very little evolution in the principle and design 
of storage batteries. The majority of British makers 
undoubtedly manufacture very good stationary batteries, 
but as long as we depend on lead and sulphuric acid, 
batteries will always be heavy, messy and inefficient. 
I am disappointed that in a paper dealing generally 
with storage batteries no reference has been made to 
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the nickel battery, and I should like to hear the author’s 
views with regard to the efficiency, weight and life of 
that battery, compared with the lead type, and whether 
it can be manufactured for such large capacities as the 
lead type. In the case of country-house work I have 
very often been asked whether it is possible to increase 
the capacity of an existing battery by installing another 
battery in parallel, and I should be glad to have the 
author’s views, bearing in mind the usual type of switch- 
board with charge and discharge regulating-cell switches. 
Would it be difficult to ensure that each battery takes 
its proper proportion of the load? Various views are 
often expressed as to the best size of battery for a 
private-house installation, and contractors often quote 
different sizes. What is the best size of battery in 
relation to the following? (1) The number of hours of 
discharge, i.e. whether we should allow for 5, 10 or 
20 hours’ discharge, as the case may be; (2) the best 


working efficiency obtainable; (3) life. I realize that 
in some cases the possible maximum rate of discharge, 
where this is of a peak nature, will determine the size 
of the battery, though 1 think that such a case will 
probably be the exception. I should like to hear the 
author’s opinion regarding the use of ampere-hour 
charge and discharge meters for determining the proper 
charge a battery should receive, and how the method 
would be affected as the battery aged. The author 
has not given particulars of ampere-hour and watt-hour 
efficiencies, and it would be interesting to have figures 
showing how these efficiencies vary throughout the 
normal life of a battery receiving average treatment. 
Also, what is the normal life of a battery which receives 
fair treatment, provided that the plates have not been 
allowed to sulphate or buckle; and what indicates that 
a battery has attained its allotted life and should be 
scrapped and replaced ? 


THE AUTHOR’S REPLY TO THE DISCUSSIONS AT LONDON, NEWCASTLE, EDINBURGH, 
BIRMINGHAM, MANCHESTER AND DUNDEE. 


Mr. E. C. McKinnon (in reply): Col, Crompton 
exposes the fallacy of sacrificing all other considerations 
to economy in copper in the distribution mains. His 
assertion that there are fashions in electrical engineering 
is very much to the point. Some supply engineers are 
possibly swayed not only by the question of economy but 
also by an implied admission of weakness if a battery is 
held in reserve for breakdowns. Col, Crompton expresses 
himself convinced that the general scrapping of accumu- 


lators would be a great mistake, and thereby he sets a 


new fashion. 

Mr. Bailey also sets a fashion when he points out “ It 
is time we realized that the whole future of electric supply 
depends on automatic appliances. Without these things 
our supply would not be safe.” This is the unbiased 
opinion of an engineer responsible for a vast undertaking 
in the heart of the capital. 


To Mr. Crawter’s schedule of progress during the past- 


10 years in battery design and improvements, I would 
add, as of equal importance, the elimination of many 
freaks in design and specification, the great advancement 
in knowledge of, and interest in, storage batteries, and 
the gradual standardization of types, not necessarily the 
absolute best, but a satisfactory compromise of the deter- 
mining factors—cost of production, reasonable selling 
price, and reasonable life. 

Mr. Brazil wrongly infers that in my opinion the use 
of storage batteries for supplying power to the mains of 
a supply company in case of breakdowns is likely to be 
discontinued in the future, whereas I merely forecast a 
change in the point of application of the battery. It is 
pointed out repeatedly in the paper that the present 
tendency to discard batteries in connection with public 
supplies is only tenable so long as temporary interrup- 
tions of supply are accepted as a matter of course. 
Public opinion may, however, demand compulsory 
provision of unfailing emergency reserve, and the use of 
batteries for this purpose will not then merely be a 
question of an attraction ‘‘ to engineers who set great 
store on continuity of supply.” Any views held by me 


might be deemed biased, whereas the public avowal by 
Mr. Brazil that he, “in common with many others, 
thinks that efficiency is really secondary to continuity of 
supply ” must be accepted as the valuable opinion of an 
experienced central-station engineer. 

The question of high-discharge, light-weight emer- 
gency batteries was thoroughly thrashed out in discussion 
10 years ago, and Dr. S. L. Pearce voiced the opinion (at 
that time) of many central station engineers that it 
would pay in most cases to apply the battery, primarily 
installed for emergency, to additional purposes in order 
to secure a return commensurate with the initial cost. 
If a demand for light emergency batteries is created in 
this country on the lines of a similar demand some years 
ago in America, British battery makers will be prepared. 
The question of reducing the maximum demand by the 
aid of batteries was not re-introduced in this paper, as 
it had already been dealt with in my previous paper. 

Mr. Bell-Walker has-assumed that the present paper 
was dictated by pessimism, whereas my optimism was 
purposely restrained to obviate any impression of undue 
bias. Mr. Bell-Walker has given some interesting data 
relative to rural conditions and supply, but his questions 
on the subject are mainly addressed to the Commissioners. 
The thousands of villages in this country without the 
prospect of public supply for some years offer a fine field 
for pioneer work. Precisely similar conditions have been 
experienced in the United States and have been satisfac- 
torily met there by semi-portable lighting sets equipped 
with batteries of a light, cheap type, good for 5 or 6 
years’ service. 

Mr. Lucas, as a pioneer of experimental schemes, will 
not be disheartened by the disasters which have befallen 
experimental wind motors. It is advantageous to find 
out the weak spots early in the evolution of a promising 
scheme. Standardization of plates for storage batteries 
has been rendered difficult, not so much by differences 
between Post Office requirements and those of the 
general public as by the differences in the demand of the 
various Government Departments. It does not seem 
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unreasonable to suggest that all Government Depart- 
ments should agree on a common specification for storage 
batteries (to say nothing of the conditions of contract) 
worked out in collaboration with the B.E.A.M.A. and 
the Institution. With regard to the electrolytic water 
tester, copper electrodes would be satisfactory for a device 
used occasionally, whereas platinum would be desirable 
for the device if in continuous use. Planté positive 
plates are rated at a capacity which can be obtained 
without excessive formation. Formation continues 
during service under certain conditions, e.g. discharge at 
low rates, alternating with an undue amount of charging 
at a low rate. It is quite possible to shorten the life of 
positive plates by over-formation. The employment of 
solignum or carbolineum as a substitute for a durable 
acid-proof paint is stipulated by the Post Office but has 
not the unqualified approval of all battery makers, nor 
has it been adopted by all of them as a general practice. 
The claims for cheapness and easy application are, in 
the opinion of some engineers, of minor importance 
compared with the all-important necessity for adequate 
protection of the timber. The use of these substitutes is 
justified in conjunction with the employment of an 
effective anti-spray oil film, and Mr. Lucas deserves great 
credit for the striking economy he has been able to effect 
by re-introducing and developing on commercial lines 
an oil film which had been out of use and out of favour 
for many years. Itis useful to battery makers to obtain 
Mr. Lucas’s interpretation of the Post Office specification 
regarding expanders in negative plates, particularly as it 
has been stated in writing as recently as December, 1927, 
that ‘‘ the Department’s specification for plates lays it 
down that ‘ carbon or other material likely to be freed 
- into the electrolyte shall not be used in the construction 
of the plates.’’’ Planté positives are more durable than 
pasted positives for stationary batteries. The 200- 
ampere-hour cells are only constructed in a portable form 
to enable them to be delivered on site in a fully-charged 
condition, There is no real difference of opinion on the 
question of charging rates. A battery should not be 
recharged (after a discharge) at a rate lower than half 
normal, or over-formation may .occur if the aggregate 
is excessive. It cannot be too strongly emphasized that 
trickle charging is not prescribed for recharging an 
. empty battery, but only for maintaining a fully-charged 
battery in a fully-charged condition. ' 

Mr. Brown voices the opinion of battery makers that 
the method of manufacturing plates and the ingredients 
employed should be left to the specialized knowledge and 
experience of the manufacturers. . He very rightly sub- 
mits that the stand-by battery should be on the con- 
sumer's premises, but he might go further and assert 
that the stand-by battery should be close to its work. 
Originally at the generating station, it was later trans- 
ferred to the substation. It has now in some cases 
reached the consumer’s premises, and there are numerous 
cases where the stand-by battery is installed in the 
operating theatre of hospitals, and, as an- extreme 
example, business was recently carried on in a well-known 
police court by the aid of bull’s-eye electric lamps carried 
by the police constables, 

Mr. Elliott refers to a short-first-charge battery 
introduced in 1913. Doubtless the War accounted for 


the long period which elapsed before the process attained 


an established commercial reliability. 


Mr. Beck is, of course, correct in saying that a mixture 
of hydrogen and air can be exploded. His interesting 
description of the condition of lead-encased wood 
containers after 24 years discloses one method of securing 
increased durability, at some extra cost, but it is difficult 
to find customers who are willing to pay for “ refine- 
ments.” The beneficial effect of wood separators has - 
been proved over and over again. In their presence the 
negative active material is maintained in a porous 
condition, thereby yielding undiminished capacity. They 
also preclude all risks of internal short-circuits arising 
through metallic flakes bridging contiguous plates. 
Glass tubes give more mechanical side support than wood 
separators, which would be an advantage if any particular 
design of positive were prone to distort when stretching, 
Regarding the group method of assembling plates 
devised by the Post Office engineers, no storage-battery 
engineer can look forward with any degree of assurance 
to its entive satisfaction. Mr. Beck’s suggested title — 
“ equipoised ”—is quite apt, and might be adopted. 
Absence of gassing, and.maintained specific gravity 
(carefully corrected for temperature effect), have so far 
proved the most reliable factors for controlling a strictly 
stand-by battery. Ampere-hour meters are not recom- 
mended in such cases. The period over which it has been 
found practicable to maintain such batteries in a fully- 
charged condition with these controlling factors appears 
to be almost unlimited, and no occasional discharges are 
found necessary. Opinions vary as to the most suitable 
and economical charging rate for a stationary battery. 
All charging rates are conventional and subject only to 


-the limitations of safety imposed by high temperatures 


and excessive gassing. l 

Mr. Adcock is able to supplement the information in 
the paper obtained from Mr. Diehl’s article with the 
latest practice of the A.T. and T. Co. and Bell Companies 
in America. I have obviously no desire to be unfair to 
any particular system or machine, and the source of my 


information—as acknowledged—was Colonel Purves 


and his staff of Post Office engineers. This also answers 
queries raised by Messrs. Henderson and Coxon. : 

Mr. Jackson refers to the “ prohibitive cost” of 
batteries as applied to maintaining continuity of supply. 
Consumers will doubtless weigh up the cost of providing 
for an unfailing supply and compare it with the loss and 
inconvenience arising from an interruption regardless of 
its cause. One has only to consider the effects of such 
an interruption in one of the American sky-scrapers, yet 
the same problem is bound to arise in this country with 
the gradual increase in the number of stories of city 
offices and warehouses. Mr, Jackson refers to the last 
total failure on a particular system having occurred 
13 years ago. No one is pessimistic enough to forecast 
a total failure to any ring system, but which of us will 
complacently accept 99 per cent of continuity if the 
other man can enjoy 100 per cent? 

In reply to Mr. Rowell, blocks should not be per- 
manently secured to the containers because they would 
prove a serious obstacle to the removal of an individual 
cell from the centre of a row. Mr. Rowell describes a 
method in common use for supporting the plates when 
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the amount of free space renders the use of lead buffers 
undesirable. I agree that displacement tanks are not 
an essential, but I recommend that pilot cells be so 
equipped to obtain the advantage of control by specific- 
gravity range. 
best-selling plate is one with a reasonably thick diaphragm 
in the centre of Planté-type positives, as the central web 
is not only wrong in theory but troublesome in practice. 

Mr, Shearer is not alone in desiring uniformity of tests 
and ratings. His comments on telephone-battery prac- 
tice have been dealt with in the discussion by various 
Post Office engineers (Messrs. Lucas, Medlyn, Banks and 
Herbert). Any difference in discharge on the two halves 
of the battery at Ferrybridge only occurs on a double 
emergency, and it was not deemed necessary to make 
special provision for charging the two halves of the 
battery separately. Mr, Shearer has assumed that my 
warning against the unnecessary weighting-up of battery 
components referred to an implied likelihood of an 
increase in price. Mr. Mallinson gives support to the 
contention of London metal merchants that production 
is controlled by demand, by citing the closing down of 
Mexican mines which cannot operate at a profit with 
lead below £25 per ton. Various reasons can be put 
forward for the retention in service of batteries no longer 
employed for their original purpose. Penalties for 
failure cannot very well be imposed where the generation 
and lighting supply are under the one authority. On 
the other hand, supply companies in American cities 
are liable to very onerous penalties imposed by the 
lighting authorities. Mr. Shearer is ingenuous when 
suggesting that customers should consider whether 
interruptions of supply are likely to be sufficiently 
frequent to warrant the installation of a battery. In- 
quiries received by the battery makers show, however, 
that the position is seriously engaging the attention of 
consumers. For instance, the ‘‘ Chamber of Horrors ” 
at Madame Tussaud’s will be relieved of added terrors 
in the event of failure of the public supply by the aid of 
an emergency battery. 

Mr. Cook’s dogmatic assertions are not convincing. 
One definition of messiness is ‘‘ a situation resulting from 
blundering or misunderstanding.” A battery in itself 
is not messy, but from the above causes it may fall into 
a state of disorder. It may require to be cleaned out 
once in 10 years, but this operation is less messy than 
chimney-cleaning or the overhaul of a motor-car. More- 
over, in modern batteries sufficient space is provided 
below the plates to obviate even one cleaning-out. The 
normal volume of sediment can be greatly augmented 
by wasteful charging. The additional space may give 
rise to stratification of the electrolyte under certain 
conditions of working. There is no definite ‘‘ best 
relation ” between capacity and volume of electrolyte. 
The volume is regulated to.some extent by the specific 
gravity and by the amount of SO, required for the 
chemical combination needed to yield the full capacity 
of the plates, It is difficult to say what the initial 
capacity of a Planté positive should be. For instance, 
if new telephone batteries are only to be worked very 
lightly for the first 6 months it is advantageous to use 
lightly formed plates, and this is standard American 
practice. Batteries also which are to work in tropical 
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climates would last longer if formed lightly. Unfortu- 
nately, payment usually depends on acceptance tests, 
and to hold back payment for 6 months would require 
considerable adjustment of finance. To state figures for 
the life of any battery would imply that all makes of 
battery give identical results under identical conditions 
(which they do not), and would pre-suppose knowledge 
of the conditions which will actually be obtained in 
practice. In general, the life of a battery worked regu- 
larly, week in, week out, would be proportional to the 
number of charges extended to gassing stage. A battery 
partially discharged and recharged several times between 
gassing charges will last longer than one brought to 
gassing stage daily. This answers Mr. Bishop’s question 
on the same point. 

Mr. Baldwin assists me with information refuting Mr. 
Cook’s assertion that the battery stands to-day where 
it stood many years ago. The collection of the gases is 
quite practicable, but their automatic return in the form 
of water presents considerable difficulty and risk and is 
not recommended. There is no inherent trouble with 
lead-lined cell containers. Contact with the lining due 
to plates buckling is not possible in well-designed cells. 
Buckling is the result of unequal expansion. Thick 
positives have more mechanical strength to resist buck- 
ling than thinner ones, but they are more difficult to 
retain in a straight condition if once buckled and re- 
straightened. Trickle charging has not been employed, 
to my knowledge, with 10 000-ampere-hour cells, but 
there appears no reason why it should not be quite 
satisfactory—it is so with 5 000-ampere-hour batteries. 

Mr. Bellwood's queries regarding portable batteries 
are outside the scope of the paper. The strength of 
the electrolyte is determined from the point of view of 
capacity and effect of abnormally strong or weak acid on 
the plates. The internal resistance follows this deter- 
mination, and its effect on the available capacity has 
to be accepted. 

Mr. Cross makes some interesting statements about 
the effect of ammonia on batteries, but I can recall no 
single instance where this impurity has proved really 
detrimental. The use of anti-spray oil is definitely 
beneficial in specific cases, and in my opinion it would 
save the lives of many country-house batteries, which 
otherwise would be shortened by far too much charging. 
Experience so far indicates that the full capacity of a 
battery may be expected even after 12 months’ continu- 
ous trickle charge. 

Mr. Field quotes a 5-years-old discussion in support 
of his view that the a.c. drive of auxiliaries will eventually 
eliminate batteries from supply stations except for 
minor duties. Opinions differ, and everyone cannot be 
right. The optimum plate thickness is less for the 
negatives than for the positives and varies, as also does 
the ultimate capacity, according to the duties and prin- 
ple of manufacture. The limit to depth of plate depends 
largely on the type. Beyond 3 ft. the necessary rein- 
forcements reduce the capacity/weight ratio. The 
capacity of the lower portions is no less than that of the 
upper, but the watt-hour output is reduced owing to the 
greater internal resistance of deep plates. The reduced 
capacity at high discharge rates is due to impoverished 
electrolyte adjacent to the active material, The lifefof 
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batteries is lower than the average when operated by 
wind motors, but it is not unduly short. The rest of 
Mr. Field’s queries would be willingly answered, but they 
are outside the scope of the paper. 

. Prof. Baily has doubtless satisfied himself that the loss 
of water under an oil film in a warm room was actually 
due to evaporation and not to electrolysis; also that the 
lowered density of electrolyte in a new cell was not due 
to the presence of moisture in the plates or separators. 
Entire de-sulphation of the negatives is aimed at and 
achieved during the initial charge. Prof. Baily may take 
it as definite that trickle charging will prevent sulphation 
over a very long period of time. This has been proved 
in practice. Fortunately, the maximum number of 
consecutive calm days likely to occur falls in a period of 
minimum lighting requirements. 

Mr. Seddon is another engineer responsible for an 
enormous undertaking who does not hesitate to assert 
that batteries will continue to be used in power stations 
for safeguarding the supply to certain essential auxili- 
aries. He makes a very useful point when describing 
how difficult it is for supply engineers to recommend to 
consumers the use of emergency batteries in anticipation 
of breakdowns in the supply for which the engineers are 
themselves responsible! 

Mr. Mitchell explains that large stand-by batteries are 
used in American cities because there it is absolutely 
vital that there should be no failure where there is a risk 
of panic. As I understand the situation, the safe 
evacuation of a crowded sky-scraper depends absolutely 
on electric light and lifts, and any failure of supply may 
result in a state of affairs that is even worse to contem- 
plate than the overpacked streets portrayed by Mr. 
Mitchell, The days of skyscrapers in this country are 
almost upon us, and similar problems are even now 
arising. In such cases and in the case of the infirmary 
cited by Mr. Mitchell, the battery is an assurance of the 
utmost importance. Regarding traction batteries, light- 
weight types with a high capacity are available but are 
in little demand, as durability is almost the first 
consideration. 

Lieut.-Commander Sharp raises a very natural point 
regarding trickle charging. It can only be stated at the 
moment that batteries have been worked on this principle 
for a period long enough to establish its complete 
commercial efficacy. | 

Mr. Lingard has read into the paper an alleged weak- 
ness in the mechanical design of batteries. This cer- 
tainly does not apply to modern stationary types. It is 
very doubtful whether the electrolytic process for 
manufacturing positive plates could be made commer- 
cially successful. Referring to the installation cited by 
him, it would have been interesting to learn which part 
of the automatic system failed, as it certainly would not 
have been the battery. 

Replying to Mr. Henderson, trickle charging is advan- 
tageous in automatic stations, but it cannot be employed 
for recharging a discharged battery. | 

Major Taylor offers battery makers an idea which will 
be judged on its merits, but the maintenance of batteries 
is not likely to be taken up again by the manufacturers, 

Messrs. Cooper and Sclar draw attention to the absence 
of any reference in the paper to the nickel-iron battery. 
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To have done so would only have raised side issues to a 
paper already tending to be too comprehensive. A satis- 
factory method, devised by me, of taking the specific 
gravity of acid covered by an anti-spray film is to form 
a small enclosure at the surface from which the oil is 
excluded. 

Mr, Coxon’s views coincide with mine in many respects, 
but it must be accepted that the Post Office policy aims 
at saving the ratepayers’ money to the best of its ability. 
There has evidently been a misunderstanding about the 
non-use of carbon expander, which Mr. Lucas has cleared 
up. Probably all battery. makers would like the Post 
Office to drop the non-standard 9-hour basis and accept 
the recognized 10-hour standard. Mr. Coxon takes 
exception to an official test requiring two discharges, and 
points out that the Post Office starts its tests from a 
minimum or discharged state, but omits to explain how 
the battery is brought down to that state. Mr. Coxon 
quotes various paragraphs in the paper which, shorn of 
their context, might appear to be contradictory. It is 
made quite clear that trickle charging applies only to 
batteries strictly reserved for stand-by work. 

Mr. Rogers’s experience with battery-room floors 
seems exceptional, because asphalt can be obtained which 
is not attacked by acid. Prodorite is a comparatively 
new commodity, but experiments with it are quite 
satisfactory. It is not the size of the battery which 
determines the advisability of using an anti-spray film, 
but the service to which the battery is put. Itis suitable 
for any large lighting battery. If the battery room must 
be dirty the cells should be fitted with glass dust-covers 
in addition. 

Mr, Thomas makes a point regarding the voltage 
characteristic of a battery when the latter is suddenly 
thrown over from charging to a discharge at its one-hour 
rate. It is very difficult to determine figures for this 
period as so many factors are variable. Mr. Thomas also 
refers to the striking difference between hot and cold 
metal-filament lamps, Another interesting fact is that 
these lamps’ give quite an appreciable illumination 
with even 30 per cent of their rated voltage applied to 
them, and comparatively small batteries can thus effec- 
tively maintain the ordinary supply on emergency. 

In reply to Mr. Medlyn, there has never been any 
objection, to my knowledge, to discharging batteries in — 
parallel, provided the batteries can be individually con- 
trolled on charge. Theoretically, it is wrong to discharge 
batteries in parallel and recharge them in series. In all 
such schemes, including unit grouping, it is assumed that 
all the cells or units remain uniform. In service they do 
not, and if one unit or cell goes wrong all the units or cells 
in series with the weak one will become affected adversely. 

Mr. Southern’s query regarding the possibility of 
electrical leakage through sediment caught by the anti- 
spray film is a reasonable one, but so far in practice no 
trouble has been reported from this cause, nor is any real 
damage likely to arise. Sealed-in batteries are not 
hermetically sealed—in fact, when erected it is customary 
to dispense with the vent plugs and no gases can then 
accumulate in the cells. The life of the cells should at 
least equal that of open-type cells. I would gladly have 
dealt with traction batteries more fully, but space 
prohibited an exhaustive treatise. 
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Mr. Dundas makes out a very strong case for stand-by 
batteries, having enjoyed the sense of security which such 
a reserve affords supply engineers. He refers to the 
American method of dealing with storm loads with 
the aid of batteries. I noted when in Milan that at the 
approach of a storm the public supply was shut down 
until the storm had passed over. Trickle charging can 
be applied effectively to existing batteries which are being 
held merely in reserve for emergency purposes. Such 
treatment would undoubtedly prolong their lives. It 
would not be advisable to employ water containing 
0-004 grain of iron per gallon for replenishing a battery 
regularly. Impurities vary in their effect, but iron and 
chlorine are the most harmful ones. 

Replying to Mr. Herbert, I purposely omitted chemistry 
under the impression that this would not be of general 
interest. Mr. Herbert refers to the real advance in the 
theory of the action of a storage battery formulated by 
M. Féry. This theory and its exposure by eminent 
French scientists are described fully in the Revue Générale 
de l’Electricité (1927, vol. 22, p. 229). Mr. Herbert's 
explanation of the objection to floating a battery on a 
generator for telephone exchanges is very helpful. 
Displacement tanks of vitrified stoneware should be very 
durable but would be costly. A leaky partition, how- 
ever slight, causes much inconvenience and expense, 

The bolted connections suggested by Mr. Banks gave 
much trouble when employed 35 years ago. There is no 
inherent mechanical weakness in Rosette types of positive 
plates; in fact, the most robust of these are stronger than 
any true Planté positive. It is always advisable to have 
an excess negative capacity, and any insistence on special 
methods of making negatives may result in a reduction 
in the average life of the plates. No undue rise of 
temperature on initial charge has been reported as a result 
of applying the anti-spray film prior to the charge. 
Flaking or skinning of positive plates during initial 
charge is most unlikely to be due to the special treatment 
of the negative plates, but is probably a ‘‘ formation ” 
effect. l 

Mr. Mallinson’s suggestion that battery makers are to 
blame for floors giving way is ingenious, but in many 
cases the battery room has been designed and costed 
before tenders for the battery are invited. However, 
battery makers will probably fall in with his recommenda- 
tion. Any water, irrespective of its source, is suitable 
if of the requisite purity. 
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Mr. Lunn’s remarks mainly combat the opinions of 
previous speakers. Large consumers may reasonably 
argue that it is immaterial to them whether the failure 
of their supply is due to defects at the power station 
or on the feeders. What, if any, is the remedy? If 
Mr. Lunn will peruse the discussion as a whole, he will 
realize that his views about batteries are not those of all 
battery users. 

No data exist, so far as J am aware, which permit of 
a complete answer being given to Mr. Hill’s query 
regarding instantaneous short-circuits. One series of 
tests led to the determination that the instantaneous 
short-circuit current of a fully-charged battery is 16 to 
20 times the current it will yield for 10 hours, but this 
has little practical significance. 

Replying to Mr. Bishop, special charging with rests 
is more beneficial than ordinary charging to a battery 
worked very intermittently, as the effects of premature 
gassing and polarization are thereby overcome. Wood 
separators are never likely to be in universal use, but 
though they have some disadvantages they have many 
advantages, including the prevention of short-circuits 
between the plates in all but very exceptional cases. 

In reply to Mr. Lamb, I have no special views regarding 
battery lay-outs beyond those recommended in all the 
leading battery makers’ catalogues and manuals. It is 
not essential that cells be viewed from both sides. 
Regulating cells should preferably be brought into use 
from time to time. This can be done quite simply by 
means of a tail-end switch. 

Mr. Sclar can obtain full particulars of nickel-iron 
batteries from books of reference. .It is practicable to 
increase the capacity of an existing battery by installing 
another battery to be discharged in parallel with it but 
charged separately. This involves the supply of an 
additional control panel. The distribution of the load 
between the two batteries would be determined by their 
respective internal resistances throughout the discharge. 
There is no established common rule deciding the size 
of battery for an installation, as various authorities hold 
conflicting views on the subject. Ampere-hour meters 
are admirable for controlling all ordinary charges, 
but should be ignored for equalizing or extended 
charges. Answers to the rest of Mr. Sclar’s queries are 
all given in my works in the Institution Library.* 

* See, for instance, “ Storage Battery Management.” 
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SUMMARY. 


Great Britain was the first nation to give a single authority 
the responsibility for the conduct of a national service of 
broadcasting. Since the date of the formation of the British 
Broadcasting Company (November 1922) a large number of 
nations have adopted similar systems. America, however, 
where broadcasting has been in active operation since the 
War, still clings to a system based on private enterprise. 

This paper deals with some aspects of the underlying 
problems in the distribution and design of broadcasting 
stations to give a national service. It attempts to be com- 
prehensive and therefore cannot in a manageable length fail to 
be more qualitative than quantitative. Furthermore, broad- 
casting being of such recent growth, there has been little 
time to make so full a quantitative study as must ultimately 
be undertaken. Each of the sections could form the basis 
of a more detailed paper, but the time is more than ripe 
for at least a statement of the problems underlying the art 
and science of broadcasting. Peculiar interest attaches to 
the subject as comprising not only technical but also psycho- 
logical problems. No other technical public service depends 
for its successful operation upon material and operation 
supplied by relatively unskilled persons under no authority 
or disciplined direction. 


Part 1. 


HISTORICAL. 


While the author does not definitely wish to trace 
the history of broadcasting, it is instructive briefly to 
study the past development in Britain as typically 
representing conditions elsewhere, since this will serve 
to indicate the present problems that confront all techni- 
cians responsible for national services. 

The British Broadcasting Company started with a 
contract with the Postmaster-General to erect eight 
stations of 1 kW power.* These stations were to be 
erected in London, Aberdeen, Glasgow, Manchester, 
Newcastle, Birmingham, Cardiff and Bournemouth. 
The Belfast station, of the same type, was erected 
later. These 1-kW stations have been called “ main’’ 
stations. It soon became clear that stations of this 


* The expression, '* power of a broadcasting station,” is not easy to define. 
For some while the Technical Committee of the Union Internationale de Radio- 
phonie defined it as the power in the anode circuit of the oscillation generator 
or high-frequency magnifiers dealing with full power. This does not give a 
basis of comparison between high-power and low-power choke-modulation 
systems, because the efficiency of the latter system as an oscillation generator 
must necessarily be less than the former. The author believes that aerial power 
is, though usually inaccurate, the fairest method of comparison between all 
systems, The expression ‘‘ metre-amperes ” may define a station’s power, but 
it does not help in comparing transmitters as such. Thus throughout this 
paper, and in common with the later decisions of the Technical Committee of 
the Union, *' power ” is taken to mean the power in the aerial obtained by 
multiplying the square of the R.M.S. value of steady unmodulated current by 
the total high-frequency resistance of the aerial] system. 
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power situated, as they were, in the heart of large 
cities, did no more than adequately serve areas con- 
tained in a radius of 20 to 30 miles around them. 
Outside such areas the weakness of the signal strength 
(compared with extraneous ether disturbance) made 
listening more a technical hobby than an artistic 
pleasure. 

Relay stations.—The eight main stations brought 
approximately 50 per cent of the population of the 
British Isles within an area where the programme was 
not interfered with by extraneous disturbances. In order 
to increase the effectiveness and scope of the service, 
more stations had to be erected or the power of the 
existing ones increased. Eleven stations having a 
power of 70 watts * each were erected in many towns 
and cities not contained in the service area j of a main 
station. This step has been criticized by many in the 
light of recent events. Criticism, however, has not 
taken into account the enormous value of these stations 
in building up the service. A yearly revenue varying 
from £5 to £10 was received for the expenditure of 
every £1 of installation capital for relay stations. The 
relay stations involved small capital risk; and a high- 
power scheme, if it had failed, would have involved 
the company in bankruptcy. High-power stations, 
assuming free ether, are wasteful, giving too great a 
signal strength nearby and too weak a signal far away. 
Add to this the fact that the relay stations created great 
local enthusiasm, and it will be seen that their value toa 
growing service was inestimable. 

The programmes for relay stations have mostly been 
provided from London via land lines, since it is unwise 
to dilute programme revenue beyond a certain point. 

The addition of relay to main stations brought 
70 per cent of the population within reach of an unin- 
terrupted service. It is uneconomical to fill up the 
whole area of a nation with relay stations, however, as 
they are only effective in dense agglomerations of 
population and there is a limit, apparent even in early 
days, to the number of available channels. 

One may say that main and relay stations were 
effective in bringing the British urban population within 
reach of an uninterrupted service. It remained to fill in 
the gaps and serve those lonelier country districts 
where, truly, broadcasting has an even more real 
function to perform than in the towns. 

This was the reason why the B.B.C. asked for, and 
received, the Government’s permission to erect, first 


* This has since been increased to 130 watts. 
+ This expression is defined on page 502. 
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experimentally at Chelmsford, and later permanently at 
Daventry, a relatively high-power station using a much 
lower frequency than had been formerly employed for 
broadcasting. The Daventry equipment comprised, 
when erected, the world’s first high-power long-wave- 
length station and has since fully justified its existence. 
It brought the total percentage of the population living 
within the service area of a station to 85 per cent. 

The use of so-called “ long ” waves for broadcasting 
has been criticized. Scientifically it can, however, be 
justified as being economical in ether channels. Thanks 
to less rapid attenuation its service area for a given 
power is greater. In addition, the “ wipe out” close 
to the station is less pronounced for a given extent of 
service area. The fading characteristics are better, 
and service without fading up to 300 miles is common. 
The long wave is not interfered with by obsolescent 
spark transmitting-apparatus, and shielding effects in 
mountainous countries are minimized. 

It is estimated that 50 per cent of listeners rely 
upon the long-wave Daventry station and that no other 
station is listened to in 90 per cent of the rural areas 
of the country. The question of “long wave ” broad- 
casting will be referred to later in the paper. 

Recently a scheme called the ‘‘ regional scheme ” has 
been started, experimentally at first, by introducing a 
second high-power medium-wave station at Daventry 
giving programmes contrasted with those of the older 
long-wave station. 


SERVICE AREA. 


Those conducting a broadcasting service must aim 
at cultivating an interest in what is received and not in 
the method of reception. It is hoped that the broadcast 
receiver will in time be looked upon as an ordinary, 
household, domestic appliance, and not a mysterious 
instrument to be touched only by “ experts.” 

If this is to become the case, and if receiver designers 
are to concentrate on high-quality, rather than large- 
quantity, service, then it is obvious that the problem 
before the transmission engineer is to give uninter- 


rupted reception. Interruptions and extraneous noises . 


superimposed on a programme detract from its artistic 
value. Thus we may conveniently define an area 
around a station as its “ service area,” meaning an area 
within which certain guarantees of service can be given. 
The author has defined service areas in terms of field 
strength. These definitions are purely arbitrary, but it 
is hoped that experience will justify their continuance. 
The definitions have been accepted by the Technical 
Committee of the Union Internationale de Radiophonie. 

Definitions—Under “'service area” we define four 
categories :— 


(1) “ Wipe-out ” area, in which the field strength is 
greater than 30 millivolts per metre. 

(2) “A” service area, in which the field strength is 
greater than 10 millivolts per metre. 

(3) “ B” service area, in which the field strength is 
greater than 5 millivolts per metre. 

(4) “C” service area, in which the field strength is 
greater than 2-5 millivolts per metre. 


A listener within a “‘ wipe-out” area can be absolutely 
guaranteed a service from the local station whatever 
(within obvious limits) the sources of extraneous inter- 
ference, but will require a receiver of very special design 
if he is to hear relatively distant or weak stations. 

A listener within an “A” service area can be 
guaranteed service even if he lives near the usual 
sources of electrical interference, namely, trains, electro- 
medical apparatus, electric signs, etc., and he will have 
a good chance of distant listening with properly designed 
receiving apparatus. 

A listener within a “ B” service area can be 
guaranteed crystal reception with a good outdoor aerial, 
but will be at the mercy of the worst types of inter- 
ference which occur in perhaps 5 per cent of cases 
normally met with. 

A listener within a “ C ” service area will be subject 
to interference from spark sets, electric trains, atmo- 
spherics, etc., but in time should be assured of an 
80 per cent service, because it is hoped that some of the 
interference under the above categories will be eliminated 
at the source. 

As fading may set in outside a radius of 80 to 
100 miles, the obvious ideal is to make a “ B” service 
area have a radius of 100 miles. The fading charac- 
teristic of a station is influenced, however, by a large 
number of factors, especially transmitting aerial design, 
frequency of emission and local topography. 

Prediction of service avea.—An attempt to predict the 
extent of service areas for stations is, in the absence 
of sufficient data, difficult. It is realized that the 
information given below is incomplete. It may be, 
however, sufficiently quantitative to form some guide. 
The quantitative study of service area is influenced by 
three variables :— 


(1) Wave-length used. 
(2) Type of ground around a station. 
(3) Design of the transmitting aerial. 


Not a great deal of work has been done on the subject, 
because up to the present the measurements of field 
strengths at moderately high frequencies have not been 
undertaken on any large scale, particularly at those 
points interesting to the broadcast engineer, namely, 
relatively close to the transmitting aerial. | 

(1) Wave-lengths.—There is considerable evidence to 
show that, between the frequencies 500 kilocycles and 
1500 kilocycles (600 to 200 metres wave-length), the 
frequencies mostly used by broadcasting stations, there 
is considerable difference between the attenuation at 
the higher and lower frequencies. The ‘“ mean” 
attenuation curves in Fig. 1 show the influence of 
emission frequency. Radiation is seldom symmetrical 
and “mean attenuation ” is the average in eight 
directions, 

(2) Effect of type of ground on attenuation.—With regard 
to the type of ground round a station, 'there is again 
not a great deal of opportunity of making a definite 
study of this particular point. A field-strength contour 
map of London, given in a recent paper by Mr, R. H. 
Barfield,* showed that the contours are asymmetrical 


* “The Attenuation of Wireless Waves Over Land,” Journal LE. E., 1928 


vol, 66, p. 204, Fig. 7. 
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and not circles. This may be due in part to the effect 
of masts. Mr. Barfield seeks to explain the contour 
map in terms of the number of trees found over the 
areas considered, and adds a factor to the usual 
attenuation formula to account for the greater observed 
attenuation. 

The author has seen the field-strength contour maps 
taken by the Swedish administration under the direction 
of M. Lemoine, in which the effect of forest is clearly 
shown. The comparison between ‘‘ over water” and 

‘ over forest ” attenuations shows the quickly attenuat- 
ing effect of forests. 

(3) Design of the aerial. —The object of the designer 
of a broadcast transmitter is to make it serve as great 
an area as possible and to interfere as little as possible 


Field strength, in millivolts per metre 
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Fic. 1.—Mean attenuation curves of 5GB. 


T aerial, 250 ft. long, supported on 110-ft. masts. 


Top = 4 wires on 15 5-ft. spreaders, 


Up lead 4 wire, 6-in, cage (all wire 7/19 bronze). 
Power in aerial = 26 kW 
Current in aerial = 30-40 amps. 


with other stations. The aerial should be so con- 
structed as to radiate as much as possible horizontally 
and as little as possible in any other direction, i.e. low- 
angle radiation is to be preferred. Also the aerial 
should have the maximum possible efficiency, i.e. the 
ratio R,/(R, + Rs), where R, is the radiation resistance 
and R, the dead-loss resistance, should be the maximum 
‘possible. 

A vertical aerial having a length of JÀ (where À is 
the wave-length of the radiated wave) is generally 
assumed to have the flattest vertical polar diagram if 
frequencies near 1000 kilocycles are used and if the 
earth is assumed to be a good conductor. A ¿A vertical 
aerial system of conventional form has normally the 
maximum ratio R,/(R, + Rs). A ¿A aerial suitable 
for radiating waves of a frequency of 600 kilocycles 


(wave-length 500 m) would have to be 750 ft. high. 
This may be impracticable. A mast height of the 
order of 300 ft. is more of a practical proposition, in 
which case it would be preferable to use a T aerial 
having a natural wave-length as nearly as possible 
twice that radiated. This would be obtained with a 
horizontal part of about 250 ft. 

Comparative tests carried out using a wave-length of 
491 m (frequency 610 kilocycles) with a T aerial 250 ft. 
long supported by 110-ft. masts, and a T aerial 600 ft. 
long supported by 500-ft. masts, show that the mean 
field strength at distances of 70 miles is about 30 ‘to 
50 per cent greater with the higher masts. To get such 
increases of field strength with the smaller aerial would 
mean that the power would have to be increased 1-7 
to 2-25 times. 

The use of 3A aerials produces larger interference at 
comparatively long ranges at night. This is due to the 
low-angle radiation causing a small angle of reflection 
from the Heaviside layer.* 

It is difficult to decide whether to use the smaller or 
larger type of aerial, because undoubtedly the larger 
type is more efficient for producing a given service 
area with a given power, but on the other hand the use 
of such aerials is selfish owing to the certainty of pro- 
ducing worse interference in neighbouring countries. 
The following calculation is presented to illustrate the 
extent of altruism required to forgo the advantages of 


high aerials. 


The cost of two 300-ft. insulated masts is of the 
order of £6000. Allowing for interest on capital and 
depreciation at 10 per cent per annum, the revenue 
charge is £600 per annum. For a station of 30 kW to 
the aerial, the total power input would be about 150 kW. 
At 1d. per unit and 3000 hours’ working per annum, 
the cost of power is £1875 per annum. Assume that 
the larger aerial represents an increase in field strength 
of 1-3:1 (this means that, using 110-ft. masts, the 
power must increase in the ratio 1:7:1 for the same 
result). On a 30-kW station this entails an extra 
charge of £1325 per annum. Subtracting the cost of 
masts, this gives a saving, using the large aerial, of 
about £725 per annum per station. In a dual-pro- 
gramme station the extra cost is £1550 per annum 
if the cost of 110-ft. masts is neglected. 

Feeders.—To increase the effective height of aerials it is 
convenient to separate the aerial system from the build- 
ings housing the transmitter. Experiments have been 
carried out at station 5GB on feeders 200 ft. long. A 
pair of No. 14 S.W.G. copper wires supported by por- 
celain barrel insulators on Army air-line poles were used, 
the spacing between: wires being about 10 in. The 
characteristic impedance of such a feeder line is of the 
order of 500 ohms. The impedance was actually 
measured by taking readings of voltage and current 
into the feeder with (a) the distant end open, and 
(b) the distant end short-circuited. The measurements 
were made with a thermo-ammeter and electrostatic 
voltmeter (0-700 volts). 

There are several methods of feeder coupling, viz. 
auto-capacity, auto-transformer, two-winding trans- 
former, and coupled circuit. The transformer method, 

* T. L. Ecxgrsrey: Journal 1.E.E., 1927, vol. 63, p. 600. 
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however, is convenient, efficient and cheap. The 
required impedance is only 500 ohms; therefore the 
bulk will be small. The primary winding carries a low 
current ; for 30 kW it is about 8 amperes. It is some- 
times necessary to use a power-factor-correcting con- 
denser when the magnetic leakage of the transformer 
is high. 

Mast design.—A further point that must be considered 
is the design and construction of masts to support the 
aerial, With aerials 300 ft. high a metal mast has, if 
earthed, a theoretical natural wave-length around 
400 m or, if unearthed, 200 m. The desirable polar 
diagram of the radiating system may be distorted 
owing to the effects of masts. Furthermore, the effective 
height of the aerial may be reduced. 

It is extremely interesting to consider the effect of 
masts as tuned systems in the neighbourhood of the 


Field strength, in millivolts per metre 


to change the form of the polar curve by “‘tuning”’ the 
mast. The distortion of the shapes of service areas is, 
in certain cases, economical, e.g. where the territory to 
be served is long and narrow. 

At first sight the use of the masts as an aerial is 
attractive. (n a previous section, however, it was 
pointed out that the half-wavelength aerial was the most 
effective form of radiator. This means either building 
masts of 150-250 m (roughly 450-750 ft.) in height or 
loading the tops of shorter masts by metallic umbrella 
formations. This is not easy mechanically. There is, 
furthermore, the difficulty of mast insulation, since with 
a half-wavelength aerial the potential is a maximum at 
the bottom of the aerial. Porcelain insulators, when 
subjected to high-potential high-frequency effects, are 
apt to heat and crack. 

It would appear that it is best to arrange insulated 


Distance, in kilometres 


Fic. 2.—Alteration of field strength with distance for various powers. A assumed to be 361 m, 
and the best radiation from 2LO taken as basis. 


Aerial efficiency = 50 per cent (assumed). 
Frequency = 800 kilocycles. 


aerial. To take a simple case: assume two masts ¿A 
apart supporting a vertical antenna midway between 
them. Assume also that the masts have a natural 
wave-length equal to that of the antenna. The effect 
along the line of masts is to produce a cancellation of 
each other’s radiation effect; since each will have currents 
90° out of phase (in time) with the currents in the 
antenna, but each of these effects will be 180° out of 
phase in space along the line of the masts. At right 
angles to the line of masts the effects are added in 
quadrature. This shows how, in a particular case, a 
polar diagram could be predicted theoretically. With 
the variables of mast resistance, mast resonance, dis- 
tance from the aerial, etc., it will be seen that calculation 
may become involved. 

In practice, one or two courses is open to the 
designer; either to minimize mast shielding by using 
insulated masts as far away from the aerial as possible, 
or to all intents and purposes to use a single mast as 
the aerial. If the former course is adopted it is possible 


masts as far from the aerial as possible so as to minimize 
the effects by eliminating both resonance and strong 
induced effects. 

Proposals have been made to use wood, stone, or 
concrete masts, but the mechanical difficulties and high 
costs would appear to make the suggestion impracticable.* 

Summary : service area using medium waves.—1t will 
be appreciated that the factors of wave-length, type of 
ground covered, aerial and mast design, introduce so 
many variables that a vast amount of data must be 
collected before the exact prediction of service area 
can be undertaken with any degree of confidence. As 
an average of observations taken from the London and 
Daventry medium-wave stations, however, using fre- 
quencies between 800 and 600 kilocycles, it is possible 
to give some rough data as ‘to the extent of “ A,” 
“B” and “C” service areas against power used. 
These are shown in Fig. 2. 


* It is understood that the German broadcasting organization proposes to 
build self-supporting wooden masts. 
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- The high-power station is actually more economical 
per unit of “ B” service area than the low-power 
station if each unit of area is assumed to give the same 
yield in licence revenue. Owing to the non-uniform 
distribution of population in nearly all countries, 
however, several low-power stations located in dense 
centres of population represent a more economical 
method of distribution than a single high-power station 
to cover the same area. It is again impossible to lay 
down quantitative guides, as everything depends upon 
population distribution and channels available, which 
vary in every country. The determining factor, how- 
ever, is the number of available channels, and this is 
more and more forcing designers to adopt high-power 
distribution almost entirely. 

Use of long waves.—The advantages of using fre- 
quencies around 200 kilocycles for broadcasting are :— 


(1) Less attenuation and therefore greater service 
area for a given channel with given power. 

(2) Less fading. 

(3) Less effect of shielding by mountains. i 

(4) Freedom from interference by obsolescent spark 
apparatus using frequencies around 500 kilo- 
cycles. (This last is not fundamental; it is 

- merely a point of great practical importance.) 


The disadvantages of using frequencies around 
200 kilocycles for broadcasting are :— 


(1) Difficuity of reception in urban areas. 

(2) Difficulty of obtaining a perfect frequency 
characteristic owing to side-band cut-off, using 
an efficient aerial. 

(3) Complication of receiver design to take both the 
1 500-500 kilocycle as well as the 150-250 kilo- 
cycle band. 

(4) Increased atmospherics. 

(5) Lack of available channels. 


The ideal broadcasting system combines the use of 
medium- and low-frequency distribution and uses each 
according to its merits. 
showed that 50 per cent of the small proportion of 
listeners who took the trouble to write to us relied upon 
the long-wave Daventry station for their service. A 
comparison of this with previous percentages living 
within “ B ” service areas seems to show that there is 
a greater percentage of rural than urban listeners. 

Conclusion.—This section is too qualitative to make 
it more than a rough guide to designers. If it suggests 
the lines on which research must continue and the 
quantities which must be measured, it has fulfilled its 
purpose. ¡Broadcasting is of such recent introduction 
that inevitably it still cannot be considered an exact 
science. 


LIMITATION OF WAVE-LENGTHS. 


In some recent tests taken at night in winter time 
it was proved that two 1-kW stations 500 miles apart, 
their carrier waves separated by 1 000 cycles, produced 
an audible beat outside a radius of 2 miles from either 
station. Other tests revealed that stations separated 
by about 1000 cycles in fundamental frequencies and 


In Britain a postcard plebiscite — 


separated geographically by 1 500 miles produced beats 
audible at 10 miles from either station. Added to these 
specified tests there is the accumulated evidence of 
broadcast listeners who have, from time to time, com- 
plained of interference inside a “ B” service area due 
to the heterodyne produced by an insufficient separation 
of fundamental frequency between the station to which 
they are listening and some other station. These 
effects are chiefly noticeable at night. Programmes are. 
listened to by a maximum number of persons at night. 

The phenomenon of increased night interference is 
usually explained in terms of the action of the Heaviside 
layer. 

Requived separation of fundamental frequencies of 
broadcast stations.—In order to obtain a solution of the 
problem of the heterodyne interference, one cannot 
seriously rely upon any principle other than adequate 
separation of fundamental frequencies between stations 
less than 3 000 miles apart. 

Suggestions are put forward from time to time that 
it is perfectly feasible to separate the frequency of the 
carrier waves of broadcasting stations by less than the ' 
amount determined by the highest frequency of modula- 
tion. A report appeared, for instance, that an American 
inventor could arrange a system whereby a 14 kilo- 
cycles separation between the fundamental frequencies 
was possible. The carrier wave was, however, to be 
modulated effectively to give the true effect of music 
with harmonics up to 10 000 vibrations a second. The 
proposal was to change the fundamental frequency of 
the transmitter in accordance with the frequency of 
modulation applied. It has been frequently pointed 
out, particularly by Dr. Carson of the United States, 
that it is a common fallacy to suppose that such a 
method could be successful. It is worth while men- 
tioning once more that the maximum side-band fre- 
quency used at broadcasting stations determines their 
frequency separation. 

The average human ear will appreciate frequencies as 
high as 15 000 vibrations a second. It will be perfectly 
satisfied with a musical reproduction if frequencies up 
to 10000 a second are present in correct proportion. 
Considerable satisfaction is given even when this upper 
figure is reduced to 5000 vibrations a second. The 
author believes that until all frequencies between 30 and 
10 000 a second are present in correct proportion we 
shall still fall short of the perfect illusion of reality in 
mechanical reproduction. Assuming this to be true, 
and also assuming microphones and loud-speakers to be 
capable of faithfully dealing with such frequencies, the 
maximum difference between side-band and funda- 
mental frequency in a broadcasting transmitter must be 
+ 10 kilocycles. 

Theoretically, therefore, to prevent the side bands of 
the station heterodyning with the carrier wave of 
another at any time, a separation of 20 kilocycles 
between fundamental frequencies is essential; to 
prevent side bands heterodyning, 30 kilocycles is neces- 
sary. Between and including the frequencies of 500 to 
1500 kilocycles. (200 to 600 m), 51 stations could be 
accommodated with 20 kilocycles separation. Fifty- 
one stations for all Europe would involve their power 
being of the order of several hundreds of kilowatts, 
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but this would not be successful if every European 
listener was to be assured of a real service from one 
station at least. 

Taking into account the mushroom-like growth of 
small-power stations all over the Continent, the aspira- 
tion of many countries to have a service at small initial 
cost, the expense involved in extremely high-power 
stations, and the need for alternative programmes, it is 
obvious that even a 10-kilocycle separation of funda- 
mental frequencies is:‘insufficient, but that a less 
separation cannot be tolerated practically. 

The “ Plan de Genève.” —The separation of 10 kilo- 
cycles makes room for 101 stations within a frequency 
gamut between and including 1 500 + 600 kilocycles 
(200 to 600 m wave-length). Realizing as long ago as 
1924 that if the rate of station building were not checked, 
if the frequency gamut allocated were not further 
extended, or if some international agreement were not 
arrived at, broadcasting development would suffer a 
severe check, the B.B.C. ‘offered invitations to other 
countries to meet in London to discuss this question. 
‘This resulted in the formation of the Union Inter- 
nationale de Radiophonie, with headquarters in Geneva. 
The organization is framed to allow discussions between 
nations on all matters relative to broadcasting in its 
international aspect. 

The Technical Committee (of which the author is a 
member), under the presidency of M. Raymond Braillard, 
of Brussels, were asked by the Council of the U.I.D.R. 
to study the wave-length allocation question. The 
problem which confronted them is simple to state, if 
difficult to solve. There is room for roughly 100 stations 
—there existed more than 150 stations—more stations 
were being built—what was to be done to prevent 
interference ? On the proposal of the author, it was 
decided to adopt a compromise. Of the 100 available 
wave-lengths, 84 were to be allotted according to an 
agreed formula for the exclusive use of the more 
important European stations, while the remaining 
16 were to be shared by the surplus stations. The 
16 waves were to be termed non-exclusive waves ; 
the 84 are called exclusive waves. It was realized that 
small-power stations widely separated in geographical 
distance but working on the same wave-length would 
certainly produce interference outside their service 
area, or their service areas might be decreased, but, if 
they attempted and nearly succeeded in working at 
exactly the same frequency, the note of interference 
would be so low in pitch as to be almost inaudible. 

The Plan de Genéve, as it is called, was based upon 
these principles and was. put into execution on the 
14th November, 1926, by the majority of those con- 
cerned. Its most optimistic sponsor could not say 
that it is more than a point of departure, but its great 
value lies in the fact that it has, we hope, guaranteed 
84 exclusive wave-lengths to the countries of Europe 
on which to build more scientific schemes for distribution. 

The author hopes that, in time, the non-exclusive 
wave will vanish; meanwhile the compromise provides 
a means to allow organizations to erect and maintain 
certain “ local stations '” without interference with sane 
development. 

In the Plan de Genéve, Britain has 9 exclusive wave- 


lengths. Counting Daventry long-wave station, there 
are 10 channels in all available for British broadcasting. 


THE PROVISION OF ALTERNATIVE PROGRAMMES. 


It is true to say that the provision of alternative 
programmes more than doubles the value of a broad- 
casting service. 

The alternative programme has two advantages. 
First it tends to satisfy a larger number of persons 
because there will always be an alternative choice, 
and secondly, each programme is able to achieve artistic 
unity and need not consider compromise. 

The system of distribution in any area determines 
receiving technique. It should be the aim of those 
responsible for distribution to make the problem of 
reception as simple as possible. The future of listening 
is in terms of completely “ foolproof ” sets. In order 
to make selection between alternative programmes as 
simple as possible, the two transmission strengths 
must be equal. If, for instance, a listener lives within 
the “ B” service area of one programme, he should 
also live within the “ B ” service area of the alternative. 
This is tantamount to saying that the two transmissions 
should be radiated from the same point. If the strength 
of the two transmissions is equal, there is a maximum 
opportunity for the receiver to obtain one or the other 
programme without mutual interference, and there is a 
certainty that both will give the same degree of freedom 
from interference from outside sources. 

British listening has so far been conducted upon a 
technique in which the average listener has been content 
to listen to one programme. In consequence many 
sets exist which to all intents and purposes do not 
“tune” at all. This is particularly found in ‘“‘ wipe- 
out” and “ A” service areas where the listener has 
taken the greatest liberties but, thanks to the over- 
poweringly loud signal, has, to some extent, been 
justified. 

Receiving technique and alternative programmes.—It 


is extremely important to appreciate obsolescence in 


receiving technique in its right proportions. Latterly 
the changing of field strength in Birmingham from 
100-50-30 millivolts per metre to 20-10 milli- 
volts per metre has produced considerable protest, 
although from a technician’s point of view Birmingham 
is as well served as any other city; in fact, better served 
than any other large city for alternative programmes. 
In assessing, therefore, how best to provide alternative 


programmes, it is important to study the problem in . 


terms of existing reception technique. 

As no better way to make the alternative-programme 
service universal can be adopted than to use twin- 
wavelength stations producing roughly coincident field 
strengths over the service areas of the stations, a study 
was made in order to predict the effect upon existing 
receivers. 

The following conclusions were reached :— 


(1) That if the frequency separation of two equal- 
strength transmissions is greater than 100 kilo- 
cycles, the amount of further separation makes 
little difference to the extent of the interference 
between them. 
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(2) That with a 20-50 ohm aerial system and direct 


coupling either to valve or crystal the resonance 
curves are not sharp enough to prevent mutual 
interference between two transmissions of equal 
strength. 


(3) That “reaction ” with valve sets, and coupled 


circuits and low-loss coils with crystal sets, 
sharpened the resonance curve sufficiently to 
give the required selectivity but at the expense 


(7) That, however, the best and, in most cases, the 
only solution of the problem is to introduce 
some form of band filter. In its very simplest 
form this consists of a closed circuit in series 
with the aerial and tuned to the frequency of 
the unwanted transmission. This attachment 
is so simple and cheap, and so obviously efficient 
from every point of view, that its adoption by 
the public to make alternative programmes 


of the receiver frequency-response curve. available neither imposes a hardship nor 
militates against first-class reproduction. 
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(1) The series connection of many tuned stages 
produces in the result small effects around the 
tops of the resonance curve but large effects on 
their skirts, and so tends to produce sharp 
cut-off after a limiting frequency. It is advis- 
able to introduce fairly heavy damping in each 
stage. 

(2) To mistune circuits—one up, one down, one up— 
according to the author's observations on his 
own set, improves the upper frequency repro- 
duction. It does not, however, improve the 
selectivity to frequencies outside the 10 kilo- 

HEAD AA cycle band; in fact, it reduces this desirable 
A quality although it does help to give better 

INJ actual reproduction on a one-programme basis. 
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missions on various frequency differences. Calculated filter easily operable for a range of frequencies 

curves showing relative voltages obtained across the between 1 500 and 500 kilocycles. In America, 

anode tuning inductance of a simple tuned aerial circuit where there may exist 14 or 15 stations each 
tuned to 1000 kilocycles from transmissions of equal dass 10-20-50 millivol tr 

field strength and frequencies from 1000 to 1 200 kilo- giving 10-20-56 volts per metre over an 

‘cycles. | area, some attempts have been made to use an 

A = to Sii insensitive superheterodyne used wholly for its 

j 2) 50 ohms selective qualities. From observations which 

a e AE he has made, the author believes that severe 

(4) That high-frequency valve magnification, in side-band cut-off exists in many American 

nearly all cases met with, gave a sufficient commercial sets. ` 
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selectivity to select between two equal-strength 


transmissions without some distortion of the LINKING TOGETHER oF STATIONS. 
frequency characteristic, and that many valve 
sets at present in use introduce distortion of Any scheme of broadcasting must rely to some 


this character in some degree. extent upon the possibility of linking any studio or 
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microphone point to a distant transmitting station. 
“This is most conveniently done by the use of telephone 
lines. 

It is not necessary here to discuss the mány problems 
incident to the land line ; experience has proved that it 
is perfectly feasible to rely upon the use of such con- 
nection and that no serious loss of quality in the trans- 
mission need be feared if proper precautions are taken. 
It may be remarked that high-quality cable with 
suitable simplex repeaters seems to form the basis of the 
best technique. 

It is pertinent to discuss, however briefly, how it may 
be possible to link national systems, already linked by 
land-line wire themselves, together, so that a world 
system .of broadcasting may be established. No 
engineer would think of using anything but the land 
line for this purpose, always provided that this is 
practicable. The land line, however, cannot be used 
where it has to pass under large areas of sea. The 
advent of the successful London—New York telephone 
service may make one consider whether a similar 
system may not be used for the purpose of linking-up 
broadcasting systems. However, owing to the fact 
that the non-carrier wave system is chiefly useful only 
for speech, the lack of available channels using low 
frequencies, the great cost of the equipment, and the com- 
plication involved in obtaining the necessary side- 
bands, development will probably not take place along 
these lines. One is more inclined to believe that short 
waves will prove most fruitful in yielding the wanted 
link; where there are more available channels the 
capital cost is smaller than when using long waves, and 
results have, since experiments were first begun, steadily 
justified an increasing optimism. 

The problem of linking together national broadcasting 
systems by short-wave systems is one of reception rather 
than of transmission. The intensity of received signal 
varies Over very wide limits from moment to moment. 
This effect is called ‘‘ fading.” It is possible that the 
side bands may fade at any moment differently from the 
carrier wave. 

The problem is largely bound up in the discovery of 
methods to equalize the intensity of the received signal. 
It has been suggested that spaced aerials may give the 
desired equalization. In some experiments conducted 
by Mr. G. M. Wright, of the Marconi Company, it 
was shown that reception conditions of short waves 
at two stations a mile apart were entirely different at 


the same moment. At any moment the strength might: 


be great at one station, while simultaneously at another 
receiving station a mile away it might be small, and 
vice versa. This is tantamount to saying that over 
some large area the energy is constant, and encourages 
one to believe that several receiving stations might 
combine to give a sensibly constant output. In order 
to get a more constant combined result it is important 
that the minimum signal should not be less than a safe 
value, and for this reason reflectors should be used in the 
receiving station. 

Already the Marconi Company and the B.B.C. are 
collaborating in experiments to test the value of the 
practical application of the above theory. 

It has appeared to the author unwise prematurely to 


construct permanent-service short-wave transmitting 
stations before their real value to link up national 
systems is apparent. The problem is almost wholly 
one of reception. At present there is not even a 
minimum guarantee of service. It would be wrong to 
do anything but vigorously continue experimental 
work upon a larger scale, using higher power, “ beam ” 
receivers, spaced aerials, suitable wave-lengths, absolute 
transmitter frequency constancy, etc. 


SINGLE-WAVELENGTH WORKING. 


It is impossible to leave the question of distribution 
without mentioning some experiments that have been 
conducted on working two stations, each radiating the 
same programmes, on the same wave-length. 

Economy of wave-length—It will be appreciated that 
the provision of alternative programmes involves the 
giving of one programme of a national character in 
contrast to another programme of a “regional” or 
“ special” character. This might be done by one 
central multi-wave station of 200 kW power, but this 
would satisfy neither those close to the station, who 
would have too much signal, nor those far away, 
who would have too little. 

It could be done by three or four twin-wavelength 
regional stations working on six or eight wave-lengths, but 
if it could be done by six or seven twin-wavelength 
stations working the same programme on one wave- 
length, the general level of field strength would be 
more uniform and only one channel would be occupied 
for one programme. 

Service area considerations.—To be effective the service 
area of each station would have to be of the same 
extent whether it shared a wave or not. For example, 
if we arranged for two 50-kW stations 200 miles apart, 
having ‘‘C” service areas of 100 miles radius when 
working on different wave-lengths, we should require 
for the ideal that the extent of the service area would 
not be diminished when the same wave-length was used 
by both stations. 

Nodes and antinodes of field strength.—Erom a theo- 
retical standpoint, and assuming that it was possible to 
adjust two separate stations so accurately that they 
were in exact synchronism, we should expect to find 
nodes and antinodes which would increase theoretically 
to a maximum at some point between the stations, 
where portions of double field strength and zero strength 
would presumably appear. 

Practical experiments.—It was in a spirit of some 
optimism, therefore, that the author put in hand some 
experiments in the summer of 1926 to determine how 
far a scheme was practical. In an art which relies still 
upon several approximations, it was felt that another 
might not seriously mar the results. After all, a great 
deal of pleasure is derived from loud-speakers which 
produce nothing below 200 vibrations a second and a 
little above 3 000, when theoretically a range of 30 to 
10 000 is required. Why, then, should a little more 
gambling with frequencies be prejudicial? If it was 
successful, it would be of enormous value and the 
experiments would, in any case, be useful in finding out 
the degree of constancy of fundamental frequency which 
could be achieved. 
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The basic idea underlying the scheme of perfect 
synchronism was to produce, at some central point, an 
alternating current at a frequency of about 1000 per 
second, to send this via a land line to each of the two 
stations (Sheffield and Bradford—30 miles apart, 
200 watts power—for the experiment, in fact) and 
there, by valve frequency multipliers, make a harmonic 
of this low frequency control the radiated frequency of 
each transmitter. Assuming that, at each station, 
there is the same frequency of 1000 per second, then 
the multiple frequency should also be the same. If the 
master frequency varies, both stations could experience 
like effects. 

Results of experiments.—The results showed us that 
the scheme was a failure. Even though the stations 
radiated the same programme, the quality of the pro- 
gramme was hopelessly distorted outside two or three 
miles from either transmitter. This is equivalent to 
stating that, where the ordinary heterodyne effect 
would take place with unsynchronized transmitters, 
distortion arose in the case of the single-wavelength 
scheme. 

The trouble is due, it is believed, to the fact that the 
link between master oscillator and stations is not 
rigid and that phase-changes in the line (phase-changes 
that are different in the two different lines) produce 
momentary frequency variations between the two 
transmitters. It will be realized that, in the case 
chosen above, a differential change of 10° in phase of 
the 1000 cycles will be equivalent to a momentary 
` apparent frequency change between the high-frequency 
aerial currents of 10/360 x 1000 = 30 (about). 

It is extremely interesting to note that the resultant 
poor quality, with its momentary purity following 
hopeless distortion, changing again to ‘‘ mushiness ”' 
and back to purity again, is typical of night distortion 
observed when listening to distant broadcasting stations. 
Night effect is supposed to be due to the interference 
between the several indirect rays reflected and bent 
down from the surface of the Heaviside layer, and the 
experiment under discussion produced artificially just 
the same effects—a remarkable support of the theory 
that night distortion is caused by reflections and 
refractions at an electrified upper atmosphere. Inci- 
dentally, the interference between the two rays from 
the two stations was visible on a valve voltmeter, and 
low readings of this instrument coincided with poor 
quality. The experiments might have continued, and 
improvements could undoubtedly have been made by 
using higher master frequencies, overhead lines, or 
even by seeking to use a wireless station as a master 
drive. Time, however, pressed and future plans are 
based upon the use of separate channels, although 
experimental work using other methods is still pro- 
ceeding. The importance of finding some solution 
merits the serious attention the problem is receiving. 
It is interesting to note that experiments in America, 
Sweden, and Germany using high master frequencies 
(20 000 or thereabouts) have encouraged those responsible 
to put single-wavelength operation into service. It is 
too early yet to judge whether such optimism is justified. 
The author has initiated experiments in which the 
master drive is to be supplied from a low-frequency 


wireless station. Such a station using long waves 
would give great field strength over the area of the 
British Isles and by the use of directive receiving aerials 
would probably largely eliminate atmospheric trouble 
and would be certain to overcome the trouble of line 
working and possible phase change. 

_Single-wavelength working and limitation of service 
avea.—It will be realized that there remains in the 
crucible of experience this: that we can eliminate the 
heterodyne and work two stations on the same wave- 
length, provided that we accept the fact that the 
service area of each will be limited. In putting into 
execution the Plan de Genéve already mentioned, 
we tried the experiment of working many relay stations 
on the same wave-length (using accurate master oscil- 
lators, not central drive). Our expectations of the 
cutting down of service areas were more than con- 
firmed, but the extent of such cutting down was not 
anticipated. In consequence of many protests against 
the original scheme, we now use one wave-length for 
four relay stations only, not eight or nine as originally 
planned. Aberdeen and Birmingham were at first 
driven by separate tuning-forks on the same wave- 
length. The maximum variation was of the order of 
20 cycles per second in a frequency of 600 kilocycles. 

In the daytime the service areas of the stations 
remained practically undisturbed. At night time a 
background of Aberdeen’s programme could be heard 
during Birmingham’s intervals 2 or 3 miles from the 
Birmingham transmitter, and vice versa. This shows 
the remarkable difference between day and night 
propagation. 


DISTRIBUTION OF BROADCASTING STATIONS FOR A 
NATIONAL SCHEME. 


The above discussion gives some idea of the 
extent of service area that may be expected with 
certain powers, shows that there is a limitation of 
available wave-lengths, points out the best method of 
giving alternative programmes and indicates how trans- 
mitters may be linked together, but it denies at present 
the possibility of working two stations on the same 
wave-length while maintaining their full service areas. 

It is desirable to give to every listener within a 
nation an alternative programme. There exist a 
limited number of channels, and it must therefore at 
once be obvious that there can be few centres of distri- 
bution and that high-power stations must be employed 
at these centres. 

An ideal scheme might seem to base itself upon the 
erection of a giant central station radiating out from 
one point as many programmes as there are available 
channels. That is, if there were 10 available channels. 
one wave-length might be allotted permanently to the 
lighter type of entertainment, another to news, another 
to symphony music, another to modern music, another 
to opera, and so on. From a programme-service point 
of view such an arrangement might be considered 
ideal, but technically it is unsound. Firstly, the power 
of the station would have to be of hundreds of kilo- 
watts, and even then the service area might not extend 
more than 100 miles, due to fading.. There would be 
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an enormous wipe-out zone in which the use of highly 
selective sets would be necessary if any other foreign 
station were required to be listened to. Dense centres 
of population are apt to be found 300 and 400 miles 
apart and it is almost essential to give an “ A ” service 
area over large towns and cities owing to the prevalence 
of electrical disturbances of all sorts in such localities 
and because ‘‘ A ” service areas have previously existed 
there. 

On a single-programme service there must be as 
many centres of distribution as there are available 
channels. The provision of alternative programmes 
makes it necessary to divide the number of wave- 
lengths available by 2 in order to obtain the number 
of centres of distribution. 

The above reasoning underlies the proposed so-called 
regional scheme for broadcasting in Britain in which 
existing stations will be done away with and substituted 
by. high-power twin-wavelength stations outside cities 
previously possessing single transmitters. The scheme 
assures to every listener an alternative programme, 
gives to the selective valve-set user a choice of as many 
programmes as may be occurring simultaneously—albeit 
some will fade and be interrupted—and makes the field 
strength over the country as uniform as it can possibly 
be under existing conditions. 

It is important in siting these stations to take account 
of the dislocation that will inevitably occur. Scienti- 
fically it would be right to site the station so that the 
wipe-out area fell upon sparsely-populated and the 
““ A” service area upon densely-populated areas. The 
majority of stations existing to-day produce a wipe-out 
area over large cities. A reduction in field strength 
under the new scheme may be right scientifically while 
wrong psychologically. It is better therefore to arrange 
for the least possible reduction in actual signal strength 


in any area, and even if this results in interference’ 


between two programmes this is better than that the 
ordinary listener should hear nothing. There are two 
receiving problems to face when changing the distri- 
bution system to the dual-programme type, viz. sensi- 
tivity and selectivity. It is important to solve one of 
these for the listener by making the general level of 
signal strength on change-over as high as possible. 
The listener, encouraged by hearing something, will 
soon equip himself with the necessary wave-trap. 


Part 2. 


THE DESIGN OF BROADCASTING TRANSMITTERS. 


The conditions for ideal performance of a broad- 
casting transmitter are as follows :— 

(a) The frequency/amplitude characteristic of the 
whole system shall be level. More exactly, for equal 
input of alternating voltage to the system, at any fre- 
quency between 30 to 10 000 cycles per second, there 
must be an equal modulation of the amplitude of the 
bigh-frequency aerial current. 

(b) At any frequency between the limits stated, the 
modulation of the high-frequency aerial currents must 
be proportional (between the limits of practical full 
and. minimum modulation) to the input voltage of 


modulation. That is to say, when a sine-wave low- 
frequency e.m.f. of any frequency within the required 
low-frequency band is applied to the input terminals of 
the transmitter, the envelope of the high-frequency 
current shall also be a sine wave between the limits of 
practical minimum and full modulation of the high- 
frequency aerial currents. 

(c) As the power absorbed from the prime mover by 
the station is greater in the case of a broadcasting 
transmitter than in a commercial telephone set, where 
distortion is allowable, and as it is tremendously greater 
than where continuous-wave morse is used to transmit 
messages, the cost of maintenance in power charges 
should be taken seriously into account. Power economy 
for ideal performance should, in fact, be studied in 
comparing different types of transmitter. 

(d) It should be possible to modulate the high-fre- 
quency aerial currents to the fullest possible extent 
without introducing distortion, i.e. non-compliance with 
conditions (a) and (b) above. 

(e) Visual methods of detecting both the depth of 
modulation at any time, and any distortion, should be 
part of the equipment of every station. 

(f) Great constancy of fundamental carrier-wave 
frequency is essential; in particular, the frequency of 
the carrier wave should be free from momentary 
“ wobble ’’ under conditions of modulation. 

(g) As in every wireless station, freedom from 
harmonics in the emitted radiation is essential. 


TYPES OF TRANSMITTER DISCUSSED. 


It has been thought advisable to discuss here only 
two types of transmitter, with both of which the author 
has had experience. The two types discussed are called 
‘‘high-power choke-modulation’’ and ‘“ low-power 
choke-modulation ” transmitters. 

The essential difference between these two systems 
is that the high-power modulation system controls the 
aerial oscillations directly from a control circuit using 
a power equal to or greater than that employed in 
the last high-frequency stage, while the low-power 
modulation controls the high frequency at low power 
and relies thereafter upon high-frequency magnification 
to bring up the modulated high frequency to full power. 

In one case the main-power oscillation generator has 
a constant grid excitation, while the voltage on the 
anode is varied with the voltage of modulation; in 
the other the main-power oscillation generator anode 
potential is constant as regards low-frequency modula- 
tion variation, while the grid excitation voltage is 
varied in sympathy with the voltages of modulation. 

Both types of circuit rely essentially upon the basic 
method of choke control, and it is therefore pertinent 
to discuss this method fully first of all. 


CHOKE MODULATION. 


Essentially, choke modulation consists of a valve 
generator of high-frequency oscillations, and a modu- 
lating valve, the power supply to each passing through 
a choke highly reactive to SP opace between 30 and 
10 000 per second. 
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- The action of the system can readily be understood 
by reference to Fig. 4. The microphone M impresses 
voltages varying in intensity and frequency upon the 
grid of the modulator valve Ve. This causes the 
point P, owing to the choke, to vary in potential, and 
so potentials sympathetically varying with those 
impressed on the modulator valve grid are conveyed 
to the oscillating system. If the oscillating system is 
adjusted to convert proportionally the supply energy 
into high-frequency energy, linear modulation is 
achieved. It is for distortionless modulation a ‘‘ power ”’ 
modulation, since the power is diverted either into the 
control system or into the oscillation generator. In the 
quiescent condition an equal power is theoretically 
expended in the modulator valves as in the oscillating 
generator.* The “ oscillating ” valve is a convertor of 
energy and only a proportion of the power is expended 
at its anode. The modulator-valve anode has to deal 
with all the power of control. 
the modulator valve, therefore, has to be far greater 
than that of the oscillating valve. During modulation, 
the conditions are little changed as regards total anode 


Fic. 4. 


loss in the valves, since the average depth modulation 
is necessarily low in order that distortion shall not 
occur at the peaks. For a continuous sine-wave modu- 
lation of 100 per cent the efficiency of the modulators 
will be 50 per cent (theoretically) ; therefore 50 per cent 


of the power put into the modulators is transferred to | 


the modulated valve. The aerial current as shown 
on a high-frequency ammeter measuring R.M.S. high- 
frequency current will, however, rise under modulation, 
owing to the fact that the mean power to the oscillation 
generator is increased. 

Condition (a).—A clearer understanding of the action 
of the modulator part of the choke modulation system 
and hence its performance with regard to condition 
(a) above may be obtained by redrawing the circuit 
Fig. 4 as in Fig. 5. R, a resistance, replaces the high- 
frequency generator, i.e. the inductance, capacities, 
valves, and chokes for producing the aerial currents. 
The equivalent resistance R is obtained by dividing 
the voltage of supply by the feed current to the 


generator. C, represents the total capacity to earth 
* The ses is aware that this contradicts a statement made by him in 
n a paper read before the Wireless Section by Mr. C. E. Prince 


the discussion 
(see Journal LE. E., 1920, vol, 58 p. RAIER i was then pointed out that equal 
power in both “ oscillating and ves was nof necessary, This 
statement is correct for a eral telephony where some distortion is allowable 
and where the grid of the valve can be biased more negatively than is necessary 
in broadcasting transmitters. 


The power capacity of | 


(this includes valve capacity, blocking condenser, etc.), 
and L represents the choke. We may, for convenience, 
represent the modulator valve by an alternator A 
having a voltage E¿ and an internal resistance R; at 
all frequencies. C is the supply blocking condenser. 
For ideal frequency/amplitude characteristic, the 
ratio of voltages H/H, has to be constant at all fre- 
quencies, where E is the actual voltage across R (see 
Fig. 5). This is equivalent to stating that the choke 
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has to have an impedance at low frequencies and that . 
the condenser Cp must have an impedance at high 
frequencies much greater than R. Owing to difficulties 
of construction, iron saturation, etc., it is not easy 
always to construct such a choke, and the bypass con- 
denser passing, as it has to do, high-frequency currents, 
is often of such a value as to give high audio-frequency 
cut-off, i.e. cut off of the modulating frequencies above, 
say, 6 000 cycles per second. It is interesting to observe 
that the lower the value of R, the more easy it would 
appear to design against high- or low-frequency cut-off. 
The difficulties of iron saturation, however, increase for 
a given power as the impedance of the oscillating 
generator decreases, and hence the d.c. saturation of 
the choke iron increases. The bypass condenser, too, 
has to be increased in value on account of the lowered 
impedance. The self-capacity and stray capacities, 
however, have less shunting effect. 

Captain H. J. Round, of the Marconi Company, has 
devised a system whereby the effect of d.c. saturation 
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Fic. 6.—Transformer for neutralization of d.c. flux. 


of the iron-cored choke is eliminated. This is shown 
in Fig. 6 where, instead of an auto-transformer, as the 
choke may be correctly described, a two-winding 
arrangement is used, and the d.c. magnetization of the 
iron core is made nil by a reversal of the winding 
direction or the direction of the currents. The trans- 
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former ratio is 1:1. This arrangement is in use at the 
“ long wave ” Daventry station, a 20-kW station. 

The high-frequency circuits, if of too small damping, 
undoubtedly cause a cut-off in the higher frequencies of 
modulation. By suitably designing the aerial and out- 
put circuits, the effect can be eliminated for frequencies 
between 1500 and 500 kilocycles (200 to 600 metres 
wave-length). For frequencies of the order of 200 kilo- 
cycles the effect is noticeable, using conventional 
circuits. Particular trouble due to side-band cut-off 
has been experienced with the “ long wave ” Daventry 
transmitter. The original T aerial was proved to be 
too fragile. This was substituted by a more mechani- 
cally perfect aerial, the damping, however, being about 
three-quarters of that of the former T type. The 
effect of side-band cut-off with the lower damping was 
particularly noticeable. The frequency/amplitude curve 
of the station, assuming no side-band cut-off, com- 
pared with that existing before special precautions 
were taken to eliminate the effect, is interesting (see 
Fig. 7). Curve A is the voltage of modulation at 
various frequencies applied to the oscillator system. 
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A = modulation curve, 

B = overall curve. 
l C = high-frequency circuit curve. 
Curve C is the oscillator-system response curve; 
curve B is the result. It is to be particularly noted 
that this condition cannot be overcome by changing 
the characteristic of the modulation system, since 
over-modulation would have to take place in the higher 
frequencies or under-modulation in the lower. A 
partial practical solution has been found with the 
Daventry aerial by mistuning the aerial relative to 
the closed and drive circuits by 3 to 4 kilocycles, when 
curve A results (Fig. 7). 

Interelectrode valve capacity, as usual, plays a 
considerable part in the distortion of the frequency 
characteristic of the modulating system. Mr. Kirke 
was the first to point out this effect to the author. 
Consider a typical modulation circuit (Fig. 8) in 
which V, is the sub-modulator valve and V,, the main. 
The system is an ordinary two-valve low-frequency 
amplifier. The grid-anode capacity of the main modu- 
lator valve may amount to something quite considerable, 
particularly where a number of valves are arranged in 
parallel. The valve capacity Cy is drawn in dotted 
lines. It will immediately be apparent that a voltage 
in' partial anti-phase to that applied from the sub- 
modulator valve will act upon the grid of the main 
valve Vm. This voltage will increase with an increase 


in the frequency. Obviously, the effect will be less if 
the value of R, and the impedance of the preceding 
valve can be made less. This must, however, mean 
that the magnification constant of that valve will be 
less and the efficiency of the system.as an amplifier 
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will be reduced. This cannot be avoided if a good 
frequency/amplitude characteristic is desired. Experi- 
ments have been tried to eliminate the feed-back by 
the introduction of ‘“‘ neutrodyne ” condensers, but, 
while showing that the theory of the effect was correct, 
they introduced instabilities. The best method, and 
one which has the added advantage of making the 
effect of all sorts of stray capacities more negligible, is 
to reduce the overall impedance of the low-frequency 
amplifying system and to sacrifice high magnification 
per stage. 

A source of distortion in the frequency/amplitude 
characteristic can often be traced to a too small value 
of smoothing condenser, particularly when the low- 
frequency amplifying valve preceding the main modu- 
lator (usually called the sub-modulator) is supplied 
from the same source of anode power supply as the 
main modulator itself. The smoothing condenser must 
at no time introduce, with the addition of the choke, 
an impedance comparable with or less than R (Fig. 5) 
at any “low” frequency. This combined impedance 
must always be greater than R, otherwise it will bypass 
certain frequencies within the audio band and may 
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Fic. 9.—Frequency/amplitude characteristic of 2LO. 


also alter the dynamic characteristic of the modulator 
valves and thus cause rectification in the control 
system. When the sub-modulator is fed from the same 
anode power supply, the smoothing system acts as a 
coupling between the grid and anode circuits of the main 
modulator. This coupling varies with the frequency 
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and may result in audio-frequency retroaction. A large 
value of capacity reduces the coupling effect. 

The frequencyfamplitude curves of 2LO and 5XX 
transmitters are shown in Figs. 9 and 7 (curve A). The 
frequency characteristics of these transmitters have only 
been arrived at after each of the points mentioned 
above has been carefully taken into account. 

Condition (b).—In general a study of any conventional 
high-frequency oscillation generator using valves reveals 
that it can be adjusted to give, between certain limits, 
a strict proportionality between H.T. voltage and 
aerial current; i.e. the conversion of power Ei into 
power RI? (where E is the voltage of anode supply, 
t the feed current to the “ oscillator ” valve, R; the 
total high-frequency resistance and J the aerial current) 
can be made strictly linear whatever (within limits) the 
applied power Hi. 

Static characteristics cannot be studied above the 
value of the normal applied voltage, and the momentary 
condition where the voltage E is increased above its 
normal value cannot be investigated. Thus with 
choke modulation systems it is not always easy to 
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study the linearity of response of the oscillation systems. 

The cathode-ray oscillograph, however, gives us a 
method whereby transitory effects may be leisurely 
studied. The modulated high-frequency voltage com- 
ponent is applied to the Y axis and the input modu- 
lating voltage to the X axis of an oscillograph. This 
results in a triangular shape of picture with the tip of 
the triangle more and more cut off as the modulation 
decreases (Fig. 10a). 

Investigations have been undertaken by the B.B.C. 
to determine whether this diagram gives a true indica- 
tion of transient conditions. If the cathode stream 
will not follow such high frequencies as a million per 
second, the method is useless for the study of most 
broadcasting transmitters. An experiment was devised 
in which the high-frequency voltage applied to the Y 
axis of the oscillograph was compared at several values 
with the deflection of the cathode stream. The results 
are shown in Fig. 11. This shows that there is a 
“ threshold ” voltage which, until passed, causes no 
deflection of the stream. Thereafter proportionality is 
manifest. It was noticed that the threshold voltages 
vanished with low filament temperature, but it was 


difficult in these circumstances to see the fluorescent 
spot or line with a clear definition. 

This threshold voltage effect explains why, on occa- 
sions, the triangle picture (Fig. 10b) may extend its 
tip to an actual “‘ crown ” formed by the continuance 
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of the intersecting sides. We can, however, at least say 
that the oscillograph picture must, if there is a pro- 
portional modulation throughout the system, show 
straight sides. Fig. 10 (c and d) gives some examples 
of how the picture may show non-linearity of response. 
The method is an extremely useful one to check linearity 
of response in the high-frequency system. Linearity of 
the control system can be studied by reading the 
voltage across the speech choke against the voltage 
applied to the input valve of the set. 

Grid current in choke modulation systems is a pre- 
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valent source of type (b) distortion, due to asym- 
metrical loading of parts of the control system. The 
ideal arrangement might appear to be so to design the 
control system that grid current would flow only after 
full control of the aerial current had taken place, i.e. 
after the condition of the voltage applied to the oscil- 
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lating valves was between zero and double. This is 
not practicable with high-power choke modulation with- 
out using excessive power in the modulation system. 

Choke-modulation transmitters have been designed 
with intervalve transformers which step down in voltage, 
or are designed to carry heavy secondary loading, both 
of which arrangements render the effect of grid current 
negligible. The author, with Mr. N. Ashbridge and Mr. 
H. L. Kirke, worked a broadcasting transmitter at Writtle, 
Essex, where the grid bias was positive and grid current 
was continuously present, and distortion occurred only 
when grid current momentarily ceased at the moment of 
over-modulation. 

Although present practice eliminates grid current 
as far as possible by adopting a considerable factor of 
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state that the ideal is to allow the transmitter to 
“ slide,” not jerk, into grid current. Depth of modula- 
tion without or with little distortion is essential if real 
light and shade are to be given. It is an interesting 
fact that during the strike of 1926 the B.B.C. station 
was allowed “blasting” or grid-current distortion 
during the news bulletins, and the effective range of the 
stations for intelligible speech was quite doubled. 
There is no doubt that the aerial current was zero 
during considerable periods. It has been, and always 
will be, the B.B.C. policy, however, to prevent dis- 
tortion. If distortion could be cut down in extent 
its inevitable introduction in certain cases would be 
the less unpleasant. It has been suggested that a 
way out might be to use a 100-kW transmitter at half 
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Fic. 13.—Characteristic curve of D.E.T.3 as modulated amplifier. 


safety and suitable grid bias, there is much to be said 
in favour of making the effect of grid current negligible. 
Do what one may with skilled “ controlling,” the con- 
trasts between pp and ff in large orchestras inevitably 
produce overloads. This is at present largely eliminated 
by specially trained people ‘‘ on control ” to anticipate, 
with the musical score before them, sudden changes 
of volume. Good-quality receiving sets become un- 
pleasantly aware of the effect of grid current if the 
transmitter is sensitive to the change from the unloaded 
to the grid-current loaded state, and the designer 
should always do all that he may to make the effect as 
_ slight as possible. In conventional resistance-capacity 
connection between sub and main modulator valves, 
the effect of grid current is not only to “load ” the 
system asymmetrically, but also to leave, momentarily, 
an unwanted charge upon the intervalve condenser and 
unduly prolong the effect. In conclusion one may 


or less power for normal modulation and to let greater 
modulation accrue when the music dictates; to set 
“ control,” in fact, to a general level for a particular 
item, and then let well alone. It is pointed out that 
this idea introduces carrier-wave “‘ mush” in the 
receivers, i.e. noisy background, and that while “ blast- 
ing” may be eliminated at the transmitter during a 
sudden forte, the receiver may not have the same factor 
of safety. | 
Curvature of valve characteristic may introduce 
type (b) distortion, but by choosing a considerable 
factor of safety in the modulator valves, and therefore 
in not being forced to use the full sweep, the effect in 
practice would seem negligible. If the impedance of 
the choke and various blocking condensers together 
does not keep constant over the frequency range, i.e. if 
the anode circuit impedance of the contro} valve varies 
with frequency, the resulting asymmetry of the dynamic 
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valve characteristic may enter into the question. Thus 
in the family of anode-currentfanode-voltage curves 
(Fig. 12) one may, by the choice of some value of grid 
bias, set the valve to work at the point P before modu- 
lation and work along the line APB for “ middle” 
frequencies. If the anode circuit impedance becomes 
considerably less at a lower or higher frequency, due 
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Fic. 14.—Anti-reaction method of coupling drive to a 
magnifying valve. 


to the change in impedance’ with frequency of the 
choke or condensers, the line is changed into an ellipse 
and rectification will occur. A transmitter of the choke 
modulation type may always be tested to see how far 
this effect is present, by watching if there is any rise 
or fall of modulator valve anode current during maximum 
modulation at any frequency. 

Lack of response of high-frequency circuits may intro- 
duce type (b) distortion. Nearly every modern trans- 
mitter uses some form of master oscillator. This 
means that the grid of the main oscillating valve has 
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Fic. 15.—Neutrodyne method of coupling drive to a 
magnifying valve. 


impressed upon it a high-frequency voltage of constant 
amplitude, and this theoretically remains constant, 
whatever the voltage on the anode of the valve. In 
practice a complete proportionality is, however, not 
always manifest (see curve in Fig. 13; this bends near 


the origin). A slight curvature appears to be present 


with all types of valve and is not understood. 
. A cause of distortion is found in that the drive 


circuit may couple directly with the aerial circuit. 
This means that at zero anode voltage on the magnifier 
there remains a residue of induced current in the output 
circuit which may be in anti-phase with the wanted 
currents generated in the normal manner. In existing 
transmitters an attempt is made to minimize this 
coupling by an anti-reaction coil (see Fig. 14). This, 
while being a workable compromise in certain cases, 
is by no means a certain elimination of unwanted 
couplings, especially those introduced by intervalve 
capacity. A better method is the neutrodyne capacity 
connection, a practical form of which (used in B.B.C. 
relay stations) is shown in Fig. 15. 

Condition (c).—It is important to find a factor for 
every type of transmitter which gives the ratio between 
the total power absorbed from the ouput terminals of 
the power supply to the power in the aerial. The 
figures in Table 1 are based on the design of a 10-kW 
high-power modulation choke transmitter. What is 
defined as the power-conversion efficiency does not vary 
a great deal with different-powered stations. 


TABLE 1. 


High-Power Choke-Modulation Transmitter. 


Circuit Efficiency | Power taken 


per cent | kW 
High-frequency magnifiers 70 14 


Drive ae ie 2 
Control valves H.T. 16-8 (14 + 20 
per cent) 
Sub-control valves H.T. .. 1 
Valve filaments (7 water- 
cooled valves; 20 volts, 
50 amps.) se e 7 
Miscellaneous valves acá 0-2 
41-0 


: 10 
Power conversion efficiency OR 24-5 per cent 


Condition (d).—Considering the alternator in Fig. 5 
we see that for full control it must supply a peak voltage 
equal to the d.c. voltage, so that the resistance R has 
successively zero voltage and twice the d.c. voltage 
impressed upon it. The R.M.S. value of the alternator 
voltage is 4/2H, where E is the H.T. voltage. The 
power supplied for full modulation by the alternator to 
the resistance R, (Fig. 5) must therefore be half that 
supplied to the resistance R by the H.T. supply. 

Considering the alternator now as modulator valves 
converting d.c. power into power of modulation, we 
see that the efficiency of conversion from d.c. to a.c. 
power by the control valves must be 50 per cent (this 


_is on the assumption that equal d.c. power is supplied 
to both oscillation generator and modulator valves). 


This is the highest possible theoretical value and cannot 


- be attained in practice owing to the necessity of avoiding 
. grid current, non-linear characteristic, etc. This means 


that more power has to be supplied to the modulator 
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valves, a reasonable increase being 20 per cent if full 
modulation is to be achieved. Thus a very high degree 
of modulation can only be obtained in practice by 
using extra power in the control system. 

In the transformer connection of Fig. 6, however, a 
greater efficiency of conversion is obtainable because 
the anode supply voltage to the modulator anodes may 
be raised, but the available grid sweep increased, by 
choosing a suitable but larger value of negative grid 
bias than when the H.T. supply was common to modu- 
lator and oscillator valves. By choosing a larger value 
of negative grid bias the currents in the transformer 
windings can be balanced. The same connection can be 
achieved by using two chokes and separate H.T. supply. 
The latter method was used by Mr. H. L. Kirke in 
a transmitter designed for experimental purposes, 
while the former type of connection is in use at the 
Daventry transmitter. 

Condition (e).—The art of so “ controlling ” a trans- 
mitter that the average receiver shall present to the 
listener a fair “ picture” of the original sounds has 
already been mentioned. It is the duty of the controller 
slightly to increase the pianissimo of a musical piece 
and to “ cut down ” the fortissimo, while never allowing 
the modulator system to be so overloaded as to produce 
distortion by grid current. At the same time, he must 
never allow the modulation to fall below a certain 
value, otherwise some listeners would hear nothing, 
except interruption, during weak passages. The service 
area, in fact, varies with the modulation, and it is the 
object of the controller to serve the maximum area while 
never allowing distortion or too “flat” a rendering of 
the music broadcast. 

Experience indicates that visual rather than aural 
indicators are essential to help the controller to do his 
job properly. Each “control table,” which is always 
remote from the transmitter, and at which the con- 
trolling engineer or musician varies the “ level ” of the 
ingoing disturbance, is therefore equipped with two 
meters—one to indicate a maximum which must not be 
passed, the other to indicate the momentary volume. 
The grid-current indicator, indicating a maximum 
which must not be passed, is arranged as follows: A 
sensitive milliammeter (full-scale reading about 1 mA) 
is connected in series with the anode of a small receiving 
valve, called the slide-back valve. The grid of this 
slide-back valve is backed off by a negative potential 
and is connected to the output terminals of the amplifier 
connected to the land line feeding the transmitter. It 
can be arranged that when the positive kick due to 
this output transformer is just so great as to give a 
flick of grid current (measured by a milliammeter in 
the grid circuit) at the transmitter, it also cancels the 
applied negative on the slide-back valve grid to such 
an amount that the anode milliammeter gives a flick 
also. Grid-current flick at the transmitter can, in fact, 
be synchronized with anode-current flick in the slide- 
back valve. Captain H. J. Round is responsible for the 
method. 

It is the practice to apply the negative to the slide- 
back valve by potentiometer from a central accumulator 
battery—a very exact adjustment can then be made. 
It used to be the practice to set the slide-back valve 


“ fast,” but experience has in the end shown that 
exact synchronization is best. ‘‘ Volume,” i.e. R.MLS. 
or mean value of modulation, can be read by a 
hot-wire ammeter connected to the output valve 
of a conventional receiver through a step-down 
transformer, or by a milliammeter in series with the 
anode of a rectifying valve; these can be calibrated 
under steady sine-wave modulation against the voltage 
across the transmitter speech choke. The R.M.S. 
voltage of modulation at the actual transmitter in a 
choke-modulation system can be read by an electrostatic 
voltineter or a straight-line valve rectifier and series 
milliammeter connected directly across the main choke 
of the transmitter. The latter system is better, as the 
scale is more open, the insulation easier and the 
movement more ‘‘ dead-beat.” 

There is a disadvantage in “ controlling ” a trans- 
mission at a studio if the transmitter is connected to a 
microphone by several miles of line, because the “‘ level ” 
in the line is so greatly varied as either to produce 
cross-talk in, or suffer cross-talk from, other lines. The 


only solution of this trouble is for an engineer or an- 


automatic device to put a constant level into the line, 
the actual “artistic ” control being performed at the 
transmitter input amplifier. This is not extremely 
practical, as it involves more staff and a perfect sym- 
pathy between two persons separated by a relatively 
great distance unless automatic devices are used. | 

Condition (f).—It would be redundant at this stage 
of the paper to point out the necessity for constancy 
of frequency in the emitted wave. Firstly, the wave- 
length situation dictates the necessity for a very small 
variation from day to day and hour to hour—300 or so 
cycles at most, is allowable—and secondly, there should 
be no variation under modulation. Undoubtedly “‘ night 
effect,” namely, distortion when receiving at long dis- 
tances, is partly caused by variation of frequency directly 
with the modulation. This is not important, perhaps, 
as in general we are considering service within a limited 
area where signals are strong, but there are reasons for 
suspecting that, even within the service area, distortion 
may arise due to momentary frequency variations. 

In general, one may quite definitely state that the 
single “ drive ” with choke modulation is not sufficient 
to ensure the desired constancy of frequency. 

It has previously been pointed out that the load on 
the drive is caused by grid current in the high-frequency 
magnifier valves. This grid current varies with the 
anode voltage on the modulated valves. This throws 
a variable load on the drive circuit, and hence wave- 
wobble may result. 

It is desirable, therefore, to separate the drive from 
the modulated valves by another stage. This double- 
drive circuit, or drive circuit using a “‘ separator,” is 
quite sufficient for all needs, since it not only ensures 
an excellent day-to-day and hour-to-hour constancy 
but is an insurance against wave-wobble under modula- 
tion. Tuning-fork and crystal drives give a greater 
constancy, but the author. fails to see the need for 
them (pending single-wavelength working) if the 
simpler methods give stability and an accuracy suff- 
cient for avoiding interference with other stations. It 
is essential that all stations shall be equipped with a 


WIRELESS BROADCASTING STATIONS FOR A NATIONAL SERVICE. 517 


very accurate wave-meter, reading to 1 part in 3 000. 
Such a wave-meter has been designed by MM. Divoire 
and Braillard, of Brussels, and is in wide use here and on 
the Continent. 

Neutrodyning of interelectrode capacity, and avoid- 
ance of coupling between circuits, are essential. Mr. 
Kirke has suggested that the drive might, in certain 
cases, be arranged at some lower multiple of the carrier- 
wave frequency, in which case the frequencies could be 
stepped up to the desired value by harmonic selection. 
This avoids all possibility of coupling. It is only 
applicable to high-power choke-modulation systems. 

Condition (g).—In order to obtain a reasonable 
degree of efficiency, harmonics must necessarily be 
produced. These can be removed by suitable design of 
output circuit without serious losses at the fundamental 
frequency. The methods are well known and were 
discussed in Mr. E. H. Shaughnessy’s paper on ‘‘ The 
Rugby Radio Station of the British Post Office.” * 


Low-POWER CHOKE-MODULATION TRANSMITTERS. 


As explained earlier in the paper, this type of trans- 
mitter is exactly the same as the high-power choke- 
modulation type except that control of the high- 
frequency oscillations takes place at low power and the 


- modulated high-frequency currents are thereafter ampli- 


fied up to high power by a high-frequency amplifier. 

The circuit thus comprises a low-power modulation 
system with its appropriate drives for ensuring constant 
frequency during modulation and subsequent high- 
frequency magnification stages. 

It is proposed to discuss the circuit with regard to 
its performance in respect of conditions (a), (b), (c), etc., 
as set out on page 510. 

Condition (a).—All the difficulties in fulfilling condition 
(a) have been discussed when dealing with choke 
modulation. It has been shown that the achievement 
of a “‘ perfect” frequency characteristicis not impossible, 
but that it is rather extravagant both in power and in 
material. Obviously, when control takes place at 
relatively low power, extravagances are allowable, 
since they will be disproportionate to inevitable com- 
mitments. The low-power choke-modulation system 
can be made, in a perfectly practical way, perfect as 
regards modulation, provided that no fresh difficulties 
are found in designing the high-frequency amplifier. 
It will be appreciated that the cascade connection of 
tuned circuits might produce side-band cut-off. This 
can be, and has been in a practical design, eliminated 
by using suitable dampings and tight couplings. Thus 
this type of transmitter complies perfectly with condition 
(a). 

Conditions (b) and (c).—A discussion of the per- 
formance of this type of transmitter is chiefly bound up 
with considerations of the last, or power, stage high- 
frequency magnifier. It would be useless to consider 
conditions (b) and (c) separately as they are intimately 
related. 

The main power magnifier must be a linear amplifier. 
By choosing a point on the characteristic in the negative 
zero for full modulation, and at the same time avoiding 

+ Journal I.E.E., 1926, vol. 64, p. 683. 
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grid region which allows for the output oscillations to 
increase to twice their normal value and decrease to 
grid current, a linear amplifier is achieved, assuming 
straight-line characteristics and using one-half of the 
applied oscillation. The efficiency of power conversion 
in the unmodulated state is in this case from 10 per 
cent to 20 percent. The efficiency when using both 
halves of the applied oscillation is much less. 

The low efficiency when using even the half-wave of 
the applied oscillation occurs because grid current is 
not admitted. If grid current is allowed, a much 
larger sweep is obviously available and the efficiency of 
power conversion can be made greater and the modula- 
tion increased. It is interesting to note that, assuming . 
the full sweep, including the positive region, to be 
available, static efficiency must be balanced against 
maximum modulation; by choosing a point high up 
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Fic. 16.—Curve showing linearity of amplification of 1 valve 
type C.A.T.5. 


Power input at 4 000 qee üi (anode) = 12* 5 kW. 


the characteristic the maximum distortionless modula- 
tion is less, while the efficiency of power conversion 
during periods of no modulation is higher. 

Grid current varies not only with grid voltage but 
also with anode voltage, and is, in consequence, far 
from linear with respect to grid voltage. This produces 
a damping on the grid circuit which varies with ampli- 
tude and tends to produce non-linear characteristics 
unless certain precautions are taken. The most effective 
way to reduce the effect of grid current is to make the 
impedance across the grid circuit so low that the voltage 
regulation is good, i.e. so that the relation between the 
voltage applied to the input circuit and the voltage 
delivered to the grid is linear. Not only must the 
impedance be low at radio frequencies but particularly 
at audio frequencies, as currents of different frequencies 
are generated by the rectifying action of the grid, 
which must be effectively bypassed as in the case of 
the anode circuit. This is accomplished by a circuit 
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shown in Fig. 17, in which R, is the shunt resistance 
and L, is an air-cored choke. 

The B.B.C. have designed a station, now in active 
operation (5GB Daventry), using a power magnifier 
based on the above principles ang admitting grid 
current. 

The curves in Fig. 16 show how the e.m.f. (peak) 
across the output circuit may vary with the e.m.f. 
applied to the grid. It will be seen that the relation is 
practically linear up to 8 000 volts across the output 
circuit for an anode supply voltage of 10 000, i.e. the 
relation is linear until the voltage at the anode is 
reduced to 2000 at the instant when the grid is at a 
maximum positive. At this point the efficiency (observed 
and calculated) is approximately 64 per cent. The 
back e.m.f. in the carrier or unmodulated condition 
will be half the maximum back e.m.f., i.e. 4 000 volts. 
The mean anode current will be approximately one-half 
the maximum, and the output power will be one- 
quarter the maximum. The efficiency in the carrier 
condition will therefore be one-half the maximum 

efficiency, i.e. 32 per cent. 
` The power amplifier preceding the main magnifier is 
worked without grid current, but only one-half of the 
applied oscillation is used, thus increasing the efficiency 
to a reasonable amount. 

It is instructive now to study the power-conversion 
efficiency based on a 10-kW transmitter and compare 
this with the factor for high-power modulation. This 
is shown in Table 2. 


TABLE 2. 
Circuit Efficiency | Power taken 
per cent kW 

Final power amplifier... 32 31-3 
Ist power amplifier, 15 kW output 20 2:5 
Modulation amplifier, 100 watts 

output .. p ga 70 0-1 
Modulators, etc. .. 0-4 
Master oscillator .. 0-2 
Separator .. 0-2 
Power amplifier filaments 3:0 
Ist power amplifier filaments 1-0 
Other filaments 0-4 


9 
© 
jmi 


J 


A ; 1 
Power conversion efficiency = 557 = 25-5 per cent 


This is almost exactly the same as with high-power 
choke modulation. 

Condition (d).—This is fulfilled, as regards the modu- 
lated stage and the modulator valve, more easily than 
with high-power modulation. Inefficiency is of less 
importance at the low power, i.e. considerably more 
power can be expended in the modulator valves. This 
enables the modulator valves to be worked completely 
over the linear portion of their characteristics and to be 
quite free from grid current. The modulated amplifier 


can be made linear without any loss of efficiency (see 
Fig. 16). 

Condition (e).—The same methods may be used as 
with high-power modulation, except that the slide- 
back valve can no longer be calibrated against grid 
current in the modulator valve but must be calibrated 
against the peak-voltage ratio of the final stage or the 
peak-voltage modulation as read on a suitable modula- 
tion meter such as has been described by Dr. Van 
der Pol and Mr. K. Posthumus.* 

Condition (f).—This is somewhat easier to obtain 
than with high-power modulation. The master oscil- 
lator and separator are at low-power level and present 
no difficulties. Screening at the low level is simple 
and efficient. The circuit is easily adapted to either 

or tuning-fork control, if required, with very 
little addition or alteration. 

Condition (g).—The reduction of harmonics to a 
negligible amount is a matter of design of circuits. A 
fairly loosely coupled circuit (suitably damped) can be 
used after the modulated amplifier. This, together 
with suitable design of the primary circuit, reduces 
harmonics from the modulated amplifier to a negligible 
amount. The production of harmonics from the power 
amplifiers is not so great as from a modulated amplifier ; 
it is therefore less difficult to remove them. Very 
simple circuits of suitable and well-known design are 
quite effective in practice. 

Fig. 17 shows the circuit diagram of 5GB, which 
illustrates the general principle of low-power modulation 
with subsequent amplification at high frequencies. 

Fig. 18 (curve B) shows the frequency/amplitude 
characteristic of 5GB, excluding the aerial system. 
Fig. 18 (curve A) includes the aerial system, showing 
the side-band cut-off due to low-resistance aerials ; no 
steps have been taken to improve this effect because 
new aerials are being built which will remove it. 


COMPARISON BETWEEN Two METHODS DESCRIBED. 


Summarizing the above discussions, the author 
believes that low-power choke modulation is superior to 
high-power choke modulation. The reasons for this 
statement are as follows :— 


(1) The low-power modulation system has a better 
frequency characteristic. 

(2) The low-power modulation system has a greater 
factor of safety and greater stability, since the 
voltages never rise above those that may be 
continuously applied. Incidentally, this enables 
the static characteristic to be studied at leisure. 

(3) The low-power modulation system requires to deal 


at high power with a frequency gamut of from | 


1-04:1 to 1-02:1 (using medium waves), while 
the high-power modulation system has to deal 
with a frequency gamut of 200: 1 at high power. 

(4) The efficiencies of power conversion are sensibly 
equal. 

(5) The low-power modulation Ea is probably 
more flexible in changing from the state of 
linear to non-linear modulation, when this, by 

. accident, may occur. 


* Experimental Wireless, 1927, vol. 4, p. 140. 
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VALVE POINT DISCHARGE. 


Wireless engineers operating stations employing 
water-cooled valves have long been aware of the 
tendency for valves to flash-over suddenly and 
without warning. This effect is found in broad- 
cast transmitters but has presented less difficulty with 
high-power choke-modulation systems than with the 
low-power type. A d.c. supply is used for the experi- 
mental station 5GB, employing low-power choke 
modulation. Rectified alternating current is used at 
5XX, where high-power choke modulation is in use. 

To explain the comparative immunity from trouble 
at 5XX, it has been suggested tuat the rectifier system 
used at that station limits the possible power available 
during the flash-over and sc allows the faulty valve 
automatically to recover. It has also been suggested 
that the high impedance of the speech transformer in 


+3 000V 


Electrostatic 
voltmeter - 


parallel and therefore the large power supply available 
in any case, the arguments are not convincing. 

Latterly the new station has behaved as well as the 
old, and the sudden crop of troubles that occurred with 
5GB may have been in the nature of a coincidence. 
Progress must be towards the production of valves 
which in no case exhibit the trouble; one wonders it 
design should not aim at producing very large valves so 
as to prevent the necessity of paralleling a great number 
of the smaller type. 


ANODE POWER SUPPLY. 


The chief cost, apart from that of personnel, in run- 
ning a broadcast transmitter is that of power. A 
50-kW station absorbs something like 300 kW from 
the prime mover. At ld. per unit, the cost is thus 
£1 5s. per hour, or, for 3 000 hours’ working per annum 


From HT. supply 


a) 
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Fic. 17.—Connections of master oscillator, separator, modulator and modulated amplifier. 


series with the supply is a protection. Whatever may 
be the explanation, the author is not convinced that 
either of the above theories fully explains the facts. In 
spite of the fact that 11 000 volts is used on the modu- 
lator valves of the high-power modulation transmitter, 
flash-over, if and when it takes place, never produces 
serious effects. With low-power modulation at 5GB it 
is impossible with the present type of valves to work 
above 9000 volts. It has been found that a scheme 
due to Mr. MacLarty, of the B.B.C., of “ fusing ” each 
valve with 2-ampere silver fuse wire (each valve carries 
normally 1-6 amperes), affords reasonable protection to 
the valves and does not shut down the station when 
flash-over occurs. l 

It is obvious that a great deal of investigation work 
requires to be done before the effect is explained and 
eliminated. There is no real explained reason to show 
that the effect is necessarily worse with one type of 
circuit than with another. Direct-current machines are 
said to produce worse flash-over conditions than a.c. 
supply, but considering the necessary size of the 
smoothing condenser, the large number of valves in 


(8 hours per day), nearly £4000 per annum. For a 
twin-wavelength station the cost would be £8000 per 
annum. | 

The efficiency of a rectifier system for conversion 
from the mains supply to high tension is 60 per cent 
overall. The efficiency of a high-voltage motor- 
generator is 83 per cent. The gain of efficiency by 
using a motor-generator represents, on a single 50-kW 
station (input 170 kW), 284 kW — 205 kW = 79 kW, 
or, say, 8@ units per hour. With 3000 hours’ working 
per annum at ld. per unit there is £3000 x 80/240 
= £1000 per annum gain by using d.c. machines. 
With, in effect, 10 stations this represents a gain of 
£10000 per annum. The gain is really greater since 
rectifiers for 10 stations may cost in valve renewals 
£5 000 per annum, making the gain per annum £165 000. 
Subtracting the extra write-off cost of d.c. machines 
and adding to this write-off, something for repair and 
maintenance, a gain of something of the order of 
£12 000 per annum is achieved. 

A 10 000-volt single-commutator 45-kW motor-gene- 
rator constructed by Messrs. Newton Bros., of Derby, 
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hae been in continuous and successful operation at 
5GB medium-wave experimental station at Daventry 
for 4 months. For much of this time the generator 
has been subject to extra strains during the course of 
experimental work. This shows that the building of 
straightforward high-voltage machines without the 
complication of insulated bedplates and couplings is not 
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The paper would not be complete without mention 
being made of many who have made it possible for it 
to be written. The author claims no originality for 
many of the statements in Part 2; it is therefore only 
right that firstly the name of Captain H. J. Round, 
mentioned several times in the paper, should again 
appear. He has perhaps been more deeply associated 
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Fic. 18.—5GB frequency/amplitude characteristic without aerial circuit, loaded to reproduce same impedance 
at 610 kilocycles. 


A = with aerial system. 


outside the bounds of possibility and that their use 
represents a substantial economy in running costs.  ' 


CONCLUSION. 


It has been argued that the future of distribution is 
in the use of few stations of high power, the term 
“high power” being used relatively to present 
practice. Twin-wavelength stations would appear 
desirable to give listeners the maximum opportunity of 
selection of alternative programmes. A great accuracy 
of frequency under all conditions is necessary to 
ensure freedom from interference between the large 
number of stations belonging to other nations, organ- 
izations or individuals. 

There can be no too definite conclusion as to the best 
type of station to be used to fulfil the desiderata listed 
at the beginning of Part 2 of the paper, since equal 
experience in the performance and use of all types dis- 
cussed is lacking. The British Broadcasting Corpora- 
tion is engaged at present in making deeper investigations 
into the possibilities of some of the methods outlined. 
It can be argued that the low-power choke- modulation 
methods. come best out of a theoretical but critical 
comparison. The performance of 5GB has been highly 
satisfactory. 


DISCUSSION BEFORE THE WIRELESS SECTION, 


that is referred to several times in the paper, and notably . 


Mr. P.K. Turner: This paper gives a clear statement 


of policy which affects us all very closely, and I should © 


like to express my own appreciation of that policy. 
There are, however, some points on which I am inclined 
to diverge just a little, and the first of such points is one 


B = without aerial system. 


with the microphone and loud-speaker than with the 
actual transmitters, but in the latter field much that 
he, assisted by Mr. W. T. Ditcham, Mr. G. M. Wright 
and Mr. Mogridge, has done is embodied in the B.B.C.’s 
high-power long-wave station. The B.B.C. owes a great 
debt of gratitude to Mr. C. E. Franklin who, in design- 
ing the “ Q” set, laid the foundation of the technical 
basis of the service. Of the staff of the B.B.C., the 
author would like to pay special tribute to Mr. N. 
Ashbridge and Mr. H. L. Kirke for their advice and 
help in the preparation of this paper. The latter, as 
head of the Development Section of the B.B.C., has 
suggested methods which have successfully overcome 
many of the distortions inherent in choke modulation 
‘and, with Messrs. Howe, MacLarty and Walker, has 
turned theoretical and experimental investigations into 
practical effect, to the gain of British broadcasting and 
the critical listener. The new experimental station, 
5GB, is wholly the product of the work of B.B.C. 
engineers, Mr. Kirke, Mr. MacLarty and Mr. MacNamara 
being primarily concerned. Lastly, M. Braillard, Presi- 
dent of the Technical Committee of the Union Inter- 
nationale de Radiophonie, should be mentioned, as it 
is largely due to him that the essential international 
aspects of broadcasting have been studied in so thorough 
a manner. 


Ist FEBRUARY, 1928. 


where the author says “‘It is important to study the 
problem in terms of existing reception technique.” 
That idea is present throughout the paper, and is de- 
veloped to its fullest extent in the discussion on service 
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areas. I cannot help thinking that the author is rather 
pessimistic in the view he takes of the possibilities of the 
average set of to-day, and possibly of the average set 
of to-morrow. The British Broadcasting Corporation 
are very anxious to give such a full field strength that 
reception, even with the most rudimentary apparatus, 
shall still be certain, and I am wondering whether it is 
not perhaps a mistake to “* spoon-feed ” the foolish quite 
so freely, and whether it would not be justifiable to 
economize to a certain extent in the matter of field 
strength and perhaps give a stimulus to the improve- 
ment of receiving apparatus. We all know that we can 
habitually receive quite comfortably and regularly 
outside the “‘ C ” service area. I quite agree that there 
are persons who make and use receivers who cannot 
get such reception, but are they worthy of such a great 
amount of consideration when unskilled persons with 
reasonably good apparatus can be well served with less 
field strength? One point in regard.to which I should 
like to express my very full agreement with the author 
is where he speaks of the necessary frequency gamut of 
the receiver, and says that the receiver should extend 
its powers from 30 to 10 000 cycles or thereabouts. A 
point which is perhaps not fully realized is that if one 
is working with a loud-speaker which is proved to fall 
off in efficiency very rapidly below, for example, 50 
cycles, none the less its performance is perceptibly 
improved when the range of the associated receiver is 
extended from 50 cycles down to 30; in other words, the 
performance is improved although the additional 
frequencies are beyond its range. The point is one which 
I have already raised and attempted to explain to a 
certain extent, but I should like to hear the views of 
others on it. In discussing receivers, the author refers 
to two fundamentally distinct uses of filter circuits, one 
of which is the band-stop filter—in its most rudimentary 
form of a closed circuit in series with the aerial and tuned 
to the frequency of the unwanted transmission. He 
appears to approve of that as a simple way out when 
there is strong interference from one particular station. 


My experience is that it is not nearly so simple as it 


appears, and I think that further information on the 
handling of such circuits is necessary. The other use of 
the filter circuit which he mentions is the use of a band- 
pass filter as a means of achieving selectivity. I have 
done a certain amount of tentative work on tuning with 
band filters in which the width of pass band is definitely 
assigned, and the pass band is shifted up and down the 
broadcast band in the same way as with any ordinary 
set. In other words, instead of having three or four 
high-frequency valves with intermediate tuned coupling, 
one locates the whole of the tuning arrangements in one 
place and puts them in the form of a band-pass filter. 
Those experiments are only tentative, but they appear to 
be full of promise, and there are many reasons why the 
idea should have considerable advantages if carried out 
properly. Further on in the paper the author refers 
favourably to experiences with land lines, and 1 cannot 
help feeling that his pessimism with regard to the 
performance of receivers is to some extent balanced by 
an undue optimism with regard to land lines. He says 
“ Experience has proved that it is perfectly feasible to 
rely upon the use of such connection, and that no serious 


loss of quality in the transmission need be feared if 
proper precautions are taken,’’ which, of course, is 
undeniable; but I have known occasions when the 
“* proper precautions *” had evidently not been taken. 
No one can deny the extraordinary difficulty, from the 
Post Office point of view, of transmitting a band of 30 
to 10 000 cycles over long Post Office lines. Is the author 
definitely of opinion that it is practicable habitually to 
transmit that frequency band? In discussing the 
design of broadcasting transmitters, the author says “‘ It 
should be possible to modulate the high-frequency 
aerial currents to the fullest possible extent without 
introducing distortion.” I should like to say, as a 
designer of receiving sets, that I object strongly to 
very full modulation, because it increases the difficulty 
of distortionless rectification to a very considerable 
extent. Many types of simple detector which will 
rectify a lightly modulated signal will not deal with one 
which is very deeply modulated, and though I have 
protested against too much consideration being shown 
to out-of-date receiving sets I should like some considera- 
tion to be extended to the designers of receiving sets in 
this respect. On the question of “ control,’’ 1 should 
like to put forward my personal view that control can 
be very easily overdone. | 

Mr. A. G. L. Mason: Embodying so concisely the 
fundamental principles underlying the operation of 
broadcasting systems, and voicing the considered 
opinion of the British Broadcasting . Corporation on 
many of the debated problems of design, this paper is 
certain to carry weight with those responsible for the 
conduct of broadcasting services in other countries. It 
is therefore interesting to note that after an investigation 
of both high- and low-power modulation, the author has 
pronounced himself in favour of the latter system, the 
advantages of which he has so clearly explained. The 
company with which 1 am associated has, since the 
very early days of broadcasting, employed low-power 
modulation for all transmitters of 1kW or greater 
output. In 1925 we installed a 1-kW equipment of this 
type at the Birmingham station of the British Broad- 
casting Corporation, and I am sure the author will agree 
that the experience gained in handling this set did much 
to draw their attention to the merits of the system. 1 
think, however, that the author does an injustice to 
low-power modulation when he suggests that it renders 
the equipment. more liable to trouble from valve “ flash 
over ” than the other system. This deduction is appa- 
rently drawn from the fact that such “ flash over” 
occurs more frequently on the 5GB transmitter, which 
uses low-power modulation, than on 5XX, where high- 
power modulation is employed: It is suggested that the 
comparative immunity of the latter station is due to the 
action of the high-power modulation choke in opposing 
any sudden current-rise, but it is difficult to accept this 
explanation inasmuch as with low-power modulation 
there are also highly inductive chokes in the high-tension 
smoothing circuit which will have a precisely similar 
effect. Although the author is apparently unconvinced, 
I personally am fairly sure that the real cause of the 
“ flash over ” trouble at 5GB is the use of a d.c. machine 
for high-tension supply, in place of the rectifier employed 
at 5XX. In the course of considerable experience with 


522 ECKERSLEY: THE DESIGN AND DISTRIBUTION OF 


low-power modulation equipments of all powers up to 
30 kW output and operating with anode voltages up to 
12 000 volts, my company has had no valves damaged 
by “flash over.” In every case all of the voltages 
higher than 4000 volts have been obtained from recti- 
fiers, and I think this explains the freedom from trouble. 
With regard to the suggestion made in the paper that 
owing to the charged smoothing condensers a rectifier 
and a d.c. machine differ little in the amount of energy 
they are able to release into a fault, a brief calculation 
shows that the total heat energy stored in a 20 pF 
condenser charged to 10000 volts is approximately 


250 gramme-calories, an amount which is evidently | 
insufficient to cause any material damage. The study 


of this flash-over phenomenon is at present engaging the 
attention of all who have to do with high-power valve 
transmitters. The occurrence, or at least the effect, of 
the phenomenon seems to be determined largely by the 
number of valves connected in parallel and by the nature 
of the high-tension supply. It would therefore be of 
great interest if the author would state whether at 5GB 
the low-power amplifiers which drive the final amplifier 
are fed from the same high-tension source as the latter, 
and, if so, whether flash-over has ever occurred on these 
smaller amplifiers. It would also be interesting to know 
what proportion of the rather numerous breakdowns at 
5GB has in fact been due to vaives flashing over. The 
comparison made between the operating costs for a 
high-tension machine and a rectifier system is, I think, 
rather unfair to the latter. An efficiency of 60 per cent 
is rather a low figure for a good rectifier, as with the 
double 3-phase arrangement an overall efficiency of 
- 72 per cent for the complete rectifying system may 
readily be obtained. For a 50-kW station the saving in 
the cost of power due to the use of machines is thus only 
£350 per annum. It is also necessary to take account 
of the fact that the use of a high-tension machine renders 
the station entirely dependent on one large unit of very 
special design which, in case of breakdown, can only be 
replaced after considerable delay. It is therefore prac- 


tically essential where such machines are used that they — 


shall be installed in duplicate, if continuity of service is 
to be maintained. I have worked out roughly the capital 
costs of a duplicate set of high-tension machines and of a 
rectifier system with duplicate high-tension transformer, 
and I find that for a 50-kW station the difference is 
equivalent to an annual charge of £1 000 against the 


former. Setting against this the £350 saved by the. 


machine on account of its higher efficiency and also 
the £1 500 which represents the cost of valves for the 
rectifier, the net result is that the rectifier shows a 
deficit of £850 per annum for each dual station, a figure 
which is a good deal less than the £2 400 suggested in the 
paper. Before deciding on the use of high-tension 
machines it is, I think, necessary to consider very seri- 
ously whether this expenditure is not justified by the 
greater security obtained with a rectifier system. It is 
interesting to compare the frequency characteristics 
given in the paper for 2LO, 5GB and 5XX. These 
indicate clearly the improvement that has been effected 


in the new station and also the ill-effects of side-band . 


cut-off in the radio-frequency tuned circuits. As an 


example of the extent to which the latter trouble can 


be overcome, it is of interest to note that for the tele- 
vision demonstration conducted recently by the American 
Telephone and Telegraph Co. it was necessary to con- 
struct a 5-kW broadcasting transmitter having a fre- 
quency characteristic which was flat from 20 to 20 000 
cycles. Regarding the improvement obtained at 5XX 
by slightly mistuning the aerial] circuit, I am wondering 
whether this tells the whole story and whether it was not 
necessary to mistune both the aerial and the closed 
circuits, “ one up and one down,” in the manner 
previously mentioned by the author. If only the aerial 
circuit is mistuned, it would appear that the given 
characteristic is obtained by favouring one of the side 
frequencies at the expense of the carrier and the other 
side frequency. This may give good results when the 
receiving set is tuned accurately to the carrier frequency 


or slightly mistuned in the same direction as the trans- 
mitting aerial, but in the case of a receiver which is . 


slightly detuned in the direction of the suppressed side 
frequency the results will be worse than before. In any 
case it seems wrong in principle to transmit with side 
frequencies of unequal ainplitude. On page 507 I note 
that the suggestion of employing a band-pass filter in 
the intermediate-frequency amplifier of a superhetero- 
dyne radio receiver is attributed to Mr. Kirke. It 
cannot, I think, be maintained that this idea is by any 
means new at the present time, although so far as I am 
aware it is not actually employed in any commercial 
superheterodyne sets. A plan which is economically 
much more practicable and which is aimed at to-day by 
the manufacturers of better-class superheterodyne sets 
is to design the intermediate-frequency transformers in 
such a way as to give them inherently a band-pass 
characteristic. By suitably proportioning the primary 
and secondary capacities, the leakage and mutual 
inductance, the resistance, etc., this can to a large extent 
be done, so that the desired result is secured without the 
introduction of any additional apparatus. 

Mr. A. J. Gill: Speaking of mast design, the author 
mentions that proposals have been made to use wood, 
stone or concrete masts, ‘‘ but,” he says, “‘ the mechan- 
ical difficulties and high costs would appear to make the 
suggestion impracticable.” Stone would probably be 
impracticable, and also concrete if reinforcement had 
to be avoided, but I cannot see where the difficulty lies 
in using wood. Wooden masts have been used for years. 
There are some in Rome 715 ft. high, and 3 at Horsea 
440 ft. high, which were put up in 1913 and are still 
standing. One of these was struck by an aeroplane 
during the war, but was successfully repaired, the broken 
struts being taken out and new ones put in. There 
would therefore appear to be no mechanical difficulty in 
erecting wooden masts of sufficient height for any 
requirements of broadcast work. On page 507 a sugges- 
tion is made for using a superheterodyne receiver having 
high damping on the aerial circuit in conjunction with 
a band filter of standardized design in the intermediate- 
frequency stage. One of the great difficulties in using 
a superheterodyne receiver is that for every adjustment 
of the oscillator frequency the detector and intermediate 
stages are receptive to two different frequencies, the 
oscillator plus the intermediate frequency and the 
oscillator minus the intermediate frequency, and to 
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exclude the unwanted frequency it is essential to have 
a high degree of selectivity prior to the first detector. 
The conclusions which the author has reached on the 
relative merits of high- and low-power modulation are of 
very great interest to those concerned with the design 
of telephone transmitters. The experience that the 
Post Office has had in that design is chiefly on short-wave 
work and we have come, so far as the question of power 
is concerned, to the same conclusion as the author, 
namely that approximately the same power is required 
for either type of modulation. With short waves the 
difficulties of amplification are apparently rather greater, 
and in that way high-power modulation is rather more 
easy to carry out. With regard to the frequency band 
that is, or should be, transmitted, it may be of interest 
if I show the curve that is required for ordinary speech 
telephony, and I have had a diagram prepared in which 
I have taken the curve B in Fig. 7 of the paper, which is 
the overall curve transmitted from the antenna, and 
put with it another curve which I have marked A, 
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Curve A: Overall curve for Rugby (GBT). 
Curve B: Overall curves for Daventry (5XX). 


showing the band transmitted from Rugby on the 
Transatlantic telephony transmitter GBT. It will be 
seen that the transmission does not commence until 
something over 300 cycles. It rises to a maximum of 
about 1200, continues practically flat to somewhere 
about 2700, and then drops away suddenly and dis- 
appears at 3000 cycles. It is possible to get perfectly 
good speech by utilizing that band of frequencies, and 
I think it is of interest to show those two curves together. 
I have noticed another rather interesting point. I was 
once experimenting with a low-pass filter having a sharp 
cut-off at 3 000 cycles, and I took the broadcasting from 
5XX and put it through this filter. That meant that 
everything above 3000 cycles was cut off, but 1 could 
detect no difference. | 

Mr. R. W. Minter: When dealing with broadcasting 
controversy it is not right to let the problem of interfer- 
ence go unmentioned. There is an air of finality about 
the author’s statement under the heading ‘‘ Historical ” 
in the early part of the paper, that ‘‘ The long wave is 
not interfered with by obsolescent spark transmitting- 
apparatus,” but 5XX seems to be interfered with by 
modern valve apparatus. The modern valve apparatus 
- at the Air Ministry station breaks into the “ A ” area of 
Daventry and the “ A ” area of Radio Paris and carries 
on down to Hilversum, on whose wave-length another 
modern station—the Post Office station at Devizes—can 


be heard. It appears, therefore, that the much-maligned 
spark transmission is not the only source of trouble. It 
seems rather surprising that no actual measurements of 
the field round about the transmitter have been made by 
the B.B.C., because the Post Office has taken some very 
careful tests at Leafield and these have been published. 
There is no reason why it should not be done by the 
B.B.C. on the higher frequency and this might result in 
a certain amount of trouble, experienced in working new 
stations, being got rid of. Throughout the paper there 
are constant references to the fact that the development 
of the B.B.C. will follow the development of the design 
of broadcast receivers; this would appear to mean that 
if we have a bad receiver we shall immediately get a bad 
transmission. This is rather a strange statement. The 
author also mentions that the majority of listeners are 
more or less tied to the reception of one station. Does 
this refer merely to the people who have written to the 
B.B.C., or to all those who actually listen to the wireless 
programmes? Mr. Turner has touched on transmission 
over land lines for simultaneous broadcasting. It has 
been suggested that as much trouble will be experienced 
in getting perfect transmisssion over land lines as with any 
other system, and the author rather dismisses the idea 
of the Rugby no-carner system of telephony as having 
reached its maximum, but I do not think the Post Office 
would agree to that, and if costs can be brought down 
I think that a great improvement over land-line trans- 
mission will be obtained; at any rate as'far as Rugby is 
concerned I think the Post = authorities will say 
that this is true. 

Mr. F. H. Amis : The author e shown in Fig. 1 how 
the field strength obtained at various distances from the 
transmitter differs for the frequencies of 610 and 1 040 
kilocycles. In studying the curves, however, it would be 
interesting to know whether the radiated power was the 
same in each case, or whether the total power put into 
the antenna was held constant for the two cases. On 
page 503 a comparison is made between a quarter-wave 
and a half-wave antenna. Due to the poor design of 
the former, the half-wave antenna is shown to advantage. 
The design of the two antenne depended no doubt upon 
the masts available, but it is probable that the half-wave 
antenna would have shown much less to advantage had 
it been possible to compare it with a well-designed 
antenna of the quarter-wave type. Nothing is said about 
the use of multiple-tuned antenne which give high 
efficiencies at a reasonable mast cost. From my experi- 
ence with multiple-tuned antenne I should say that if 
the comparison had been made between a well-designed 
quarter-wave antenna of this type and the half-wave 
antenna, the results would have been in favour of the 
multiple-tuned antenna from an economical viewpoint. 
Thus it would appear that the efficiency for which the 
author is striving could be obtained with a quarter-wave 
antenna of the multiple type, and the charge of £600 per 
annum referred to, avoided. Incidentally, the “tip ” 
effect which is obtained when a half-wave antenna is 
employed and which the author regards as a disadvantage 
would be avoided. It is noted thatthe 5GB antenna is 
fed by a transmission line. It would be interesting to 
know what is the order of the voltage developed across 
the secondary of the transformer feeding the antenna 
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and also whether any difficulties have been met with in 
dealing with this voltage, which one would expect to be 
very high when dealing with a half-wave antenna. It 
would also be very interesting to know to what extent 
the increase in efficiency due to absence of the transmitter 
building under the antenna is counteracted by the losses 
in the transmission line. I was pleased to note that the 
idea of using the masts as, or as part of, the antenna had 
been raised. The idea occurred to me about two years 
ago, but I appreciated that it is a subject fraught with 
difficulties. In the first case it is necessary that a self- 
supporting mast be used, unless an umbrella antenna is 
considered. The cost and difficulty of building a self- 
supporting mast insulated by porcelain insulators would 
probably outweigh any advantages gained. Also, as the 
author points out, they would be apt to heat and crack, 
due to the high-frequency high potential across the 
insulators. My idea was not, however, to use such a 
mast for a half-wave antenna, but for a quarter-wave 
antenna where the potential across the insulators would 
be considerably less. It has occurred to me, however, 
that a way out of the difficulty (for a quarter-wave 
antenna) would be to construct the mast using fairly 
massive concrete foundations, but no insulators. The 
dimensions of the mast should be such that when con- 
nected to earth its natural wave-length is just short of 
the operating wave-length. Instead of earthing the mast 
directly, however, earth it through a tuning coil which 
would tune the mast to the operating wave-length. The 
inductance to be added would be so small that the 
impedance of the concrete compared with that of 
the coil would be very high. The extent to which the 
increase in efficiency due to the tuning of the masts 
would be counteracted by the losses in the concrete and 
the masts is a matter for experiment. 
thought that the tuned-mast idea could be most suitably 
employed in a multiple-tuned antenna arrangement, for 
instance a T antenna supported by two masts. The 
wires forming the top of the T would be connected elec- 
trically as well as mechanically to the masts. The trans- 
mitter would feed the centre down-lead, and the masts 
(forming the outer down-leads) would be so tuned that the 
currents in each mast and thecentre down-lead were equal. 

Mr. R. A. Watson Watt: Users of cathode-ray 
oscillographs must hope that the author will give further 
information as to the experimental origin of the two 
lines in Fig. 11, the units of the abscisse, and a statement 
as to whether K is a single constant or whether it is, as 
certainly seems necessary, different for the two curves. 
They would also like to learn more about the frequency 
term in the sensitivity of the oscillograph, and its 
dependence on the operating conditions of the ionic 
beam. It seems very desirable that we should know 
whether and when, in addition to our existing difficulties 
with the oscillograph—in that it has a resistance of only 
a couple of megohms, and an impedance of about 
20 000 ohms at the frequencies with which the author is 
concerned—we must be prepared to meet this rather 
curious threshold effect, which I infer from the curves 
to involve not a mere fraction of a volt but something 
between 8 and 12 volts. It would be of interest if the 
author would throw some light on this phenomenon in 
his reply to the discussion. 


I have always - 
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Mr. E. B. Moullin ; I want to support the author in 
his view that a broadcast receiver should: be regarded 
purely as a domestic appliance for producing music and 
the like, and should not require expert handling or be 
made so as to be a temptation for expert mishandling. 
In providing very copious field strengths over very large 
areas I feel that the B.B.C. are generously assisting the 
public to provide themselves with receivers which require 
no adjustment whatever and can be operated, with 
change of programme, by a simple 3-way switch. So 
long as the desire remains to reach out promiscuously 
into space and to reinforce faint sounds into audible 
music, so long, I think, will large numbers of users 
receive distorted music and much excellent transmission 
be partially wasted. The author’s definition of “A” 
and “B” service areas is extremely interesting; on 
referring to Fig. 7 of Mr. Barfield’s paper it will be 
noticed that the “‘ B ” service area for 2LO extends only 
to St. Albans, Windsor and Reigate. The field strength 
at Cambridge is only about 0-75 mV per metre, and in 
view of the present definition of “* B ” service area it is 
now plain why some five years ago it seemed difficult 
to obtain there a regular broadcast service without 
perpetual receiver adjustinent. On page 502 the author 
states that “ The fading characteristic of a station is 
influenced by a large number of factors, especially 
transmitting aerial design.” I should be very glad if he 
would tell us more about the relation between trans- 
mitting aerial and fading. Fig. 1 appears to me very 
striking, for at a given distance the field strength seems 
to be exactly proportional to the wave-length instead 
of in inverse proportion as might have been expected. 
I should like to know whether the author has any values 
for intermediate wave-lengths, whether this proportion- 
ality still holds good and whether the same is true of 
5XX. On page 505 the author says that one of the 
disadvantages of using frequencies around 200 kilocycles 
for broadcasting is “ difficulty of reception in urban 
areas.” I am not clear what is the connection between 
urban disturbance and a frequency of 200 kilocycles. 

Mr. E. W. Braendle: The idea of using two stations 
on the same wave-length and transmitting the same 
programme may be reasonable, but it seems rather 
optimistic to expect that two programmes can be 
transmitted as the author appears to suggest, because 
then the side-band distortion due to the two programmes 
will come in. When transmitting the same programme 
might it not be possible for similar phase-changes to 
take place not only in the high-frequency transmission 
but also in the low-frequency modulation, which again 
would cause side-band distortion? Even though both 
the master control and the modulation control be 
situated midway between the two stations, the two lines 
and their attendant amplifiers, etc., might be balanced 
accurately enough for the master frequency, but the hope 
of attaining equal attenuation for all the modulation 
frequencies may theoretically be possible. Judging, 
however, from the effect of land lines on many trans- 
missions the idea is not altogether practical, and, com- 
bined with the possible unequal note distortion, might 
even result in some notes being sufficiently “ out ” to 
produce a beat frequency of their own. 

Mr. W. L. McPherson : It is interesting to find the 
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author adding his voice to the general plea of com- 
munication engineers to consider communications not 
on a national but on a European basis. On page 505 
he makes the broad statement that in order to avoid 
heterodyne interference a separation of not less than 
3000 miles must be considered. That is a separation 
of continental dimensions, to say the least. Among the 
requirements put forward by the author is that of deep 
modulation, and I should like to know the basis of that 
requirement. A previous speaker has mentioned that 
at the receiving end we generally have detectors which 
are subject to distortion on deep modulation. On the 
other hand, at the transmitting end we have to con- 
sider an input which has a form factor very much 
larger than is generally appreciated. Speaking from 
memory, I believe that for ordinary speech the peak 
is about 7 times the R.M.S, value. In that case a 
full 100 per cent modulation could be used and yet the 
R.M.S. modulation would not be more than 14 per cent, 
and I do not think the detector distortion would be 
noticeable.. It would be interesting if the author could 
give some figures as to percentage modulation actually 
measured at a station during programmes on both 
speech and music. On page 517, reference is made to 
the possibility of driving the transmitting set through 
a valve step-up arrangement so as to avoid the possi- 
bility of coupling back from the aerial system to the 
oscillator. This is followed by the statement that it is 
only fully applicable to high-power choke-modulation 
systems. I am not quite sure why that should be so. 
The Rugby system, which is the largest of its kind, 
involves a frequency step-up, and is certainly not a 
high-power choke-coupled system. Referring to the 
question of the cathode-ray oscillograph, in Fig. 10(b) 
the error is attributed to the threshold effect. I do 
not see how that arises. The threshold effect would 
start at the tip of the true figure, this being prolonged 
in a straight line, and we have actually observed this 
effect—that is, a triangle followed by a straight line— 
along the horizontal audio axis. At the same time we 
have also seen on occasion an inverted triangle, 
generally when the audio voltage on the oscillograph 
was out of phase with the modulation, and the boun- 
daries of the figure were consequently ellipses (instead 
of straight lines) and not well defined. Possibly Fig 10(b) 
really refers to such a case. 

Mr. M. G. Scroggie : Referring to conclusion (5) on 
page 507 under the heading “‘ The Provision of Alterna- 
tive Programmes,” I have recently been making some 
measurements on aerial circuit selectivity and the results 
appear to indicate that the largest aerial may be employed 
to advantage even in the proximity of a powerful 
interfering station. The aerial is tapped down the 
aerial tuning inductance until the desired selectivity is 
attained. By increasing the size of aerial the tapping 
must necessarily be brought lower down, i.e. nearer to 
the earthed point, in order to cut out the interference, 
but the result on the wanted signal is an increase in 
strength. This advantage is{not so great in cases where 
interference is very intense or where the remaining 
circuits of the receiver are non-selective, but there do 
not appear to be any circumstances in which a reduction 
in the size of aerial is to be preferred to an alteration in 


tap position, and the latter is the more convenient 
adjustment. The only argument 1 can see against this 
method is that, as pointed out in conclusion (3) on the 
same page, even with aerial circuits without any. form 
of reaction one can get quite serious side-band cut-off 
by reducing the resistance to a sufficient extent, as 
shown in Fig. 3. I have made measurements somewhat 
similar to these which agree substantially with what the 
author has found. On 400 metres with an aerial of 
approximately 15 ohms resistance, tapping down on the 
aerial tuning inductance to the point where the greatest 
strength of wanted signal is obtained, the 10-kilocycle 
side frequencies are reduced to 60 per cent of full strength. 
Where interference is severe the tapping would have to 
be lower still, with consequent larger cut-off; but unless 
one is willing to introduce more tuned circuits that 
cannot be avoided. On page 503 a comparison is made 
between the cost of stations with high masts and low 
power and low masts and high power. It is true that 
the author states that the cost of the low mast is 
neglected, but the extra capital charge on the plant 
necessitated by the increased power of the transmitter 
also appears to be neglected. It is not quite clear why 
there should be difficulty in the reception of a long-wave 
station in urban areas, as mentioned on page 505. 
Fig. 17 indicates that a 10 000-volt d.c. machine is 
used, as mentioned in the paper, but also shows a 6-phase 
rectified a.c. equipment, which appears to be in parallel 
with the d.c. generator. Is that a stand-by arrange- 
ment? 

Dr. R. L. Smith-Rose : I am rather interested in the 
mast question which is raised in the paper. The problem 
of whether a mast supporting an aerial system should 
be of wood or of steel and, if the latter, whether insulated 
or not, is one which has been much debated by wireless 
engineers for many years, and I believe that until these 
experiments were carried out at Daventry no satisfactory 
results were obtained which showed that it mattered 
either way. The Rugby station was built with metal 
masts insulated from the ground, but arrangements were 
provided for earthing the masts. The real point at 
issue depends upon the relation of the natural frequency 
of the mast to the frequency corresponding to the wave- 
length being employed. In a normal wireless station, 
using wave-lengths of from a few hundred metres 
upwards, the natural wave-length is much lower than 
the wave-length being employed, but in the case of 
stations using half-wavelength aerials the position is 
rather different. When the earthed metal mast has a 
wave-length well below the wave-length which is being 
transmitted, I think the sole effect of the mast is to 
screen the radiation, but that screening effect is very 
small for a single mast and to stop the radiation entirely 
it is necessary to surround the aerial by a whole ring of 
masts. The case is analogous to that of the receiving 
aerial, with which it is frequently more convenient to 
experiment. The difficulties which occur at Daventry 


are, I believe, two-fold. First of all the radiation from 


5GB is screened by the high masts belonging to 5XX, 
and also the polar diagram of 5GB is distorted by the 
effect of its own masts, the natural wave-length of which 
approximates to that of the radiation. In the latter 
case the re-radiation from the two masts may con- 
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tribute to an important extent to the total emission. 
The shape of the polar diagram of the radiation field 
from the whole system will depend upon the actual 
dimensions of the aerial masts and of the spacing of the 
latter. With two masts supporting an aerial midway 
between them the polar diagram of the field due to the 
masts would tend to conform to a figure-of-eight 
arrangement, and one might suggest that this could be 
smoothed out to some extent by using four or a greater 
number of masts arranged symmetrically about the 
aerial. Technical solutions of the problem are not 
lacking, however, and it is rather a question of economics, 
Referring to another point in the paper, I am inclined 
to doubt whether the rating of a transmitting station by 
the power supplied to the aerial is the most satisfactory 
manner of describing the station. I think it is better 
than describing the power supplied to the transmitter 
or even to the oscillator valves, but I am not sure that 
it gives an effective comparison of radiation from the 
station, because a great deal of power might be supplied 
to the aerial, with only a small radiation. The power 
supplied to the aerial is limited by the total resistance 
of the aerial, whereas the radiation obtained from it 
depends entirely on the radiation resistance. In spite 
of the author’s footnote on page 501, I would suggest 
that the quantity ‘‘ metre-amperes ” does express the 
radiation from the aerial in a more satisfactory manner, 
even when allowance is made for the limitations of our 
knowledge of effective heights. | 
Captain P. P. Eckersley (in reply): Mr. Turner, 
among others, has misunderstood a remark in the 
paper which is perhaps liable to misinterpretation. On 
the question of dislocation it has been said that “ It is 
important to study the problem [of changing the sites 
of and powers of stations] in terms of existing reception 
technique.” Mr. Minter has interpreted this as meaning 
that “if we have a bad receiver we shall immediately 
. get a bad transmission.” I can only point out to Mr. 
Minter that, whatever receiver he has been in the habit 
of using, our transmissions themselves are, both from 
measurement and from experience, as good as any in 
the world and that my remark had nothing to do with 
the quality of transmission, The point to be made is, 
however, that if a large body of listeners has been 
living within a wipe-out area there will be considerable 
outcry and substantial loss of revenue if conditions are 
changed to bring such listeners within a *“* B” service 
area. Scientifically, reception conditions in a “B” 
service area are satisfactory, but the abrupt change 
from, say, 100 to 10 millivolts per metre brings a sudden 
dislocation resulting in complaint and embarrassment 
of a political nature. My remark applied, therefore, 
only to the dislocation brought about by sudden changes 
in field strength. It had no reference to the actual 
obsolescence of the type of set used by listeners. 


Mr. Turner implies, from the statement, that we are | 


apt to spoon-feed the listener in the matter of field 
strength, but experience shows that on its lowest terms 
this produces greater licence revenue; on its highest 
terms it makes broadcast reception possible for the very 
poorest populations, and on a scientific basis overcomes 
interference. It is a fact that in densely populated 


areas it is impossible to guarantee freedom from interrup- | 
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tion unless the field strength is between 10 and 20 milli- 
volts per metre. With scattered points of dense popu- 
lation the theoretical solution is many small-power 
stations, but owing to the insufficiency of channels or 
wave-lengths the only practical solution is to use the 
highest possible power with comparatively few stations. 
Mr. Minter supports this view, saying that he has noticed 
interference in ‘‘ A” service areas, and therefore he 
must have measured the field strengths of the stations 
he mentions. We have not, however, noticed inter- 
ference from the Air Ministry station within the “A” 
service area of Daventry. 

On the question of our expressed ideal to get an equal 
representation of all frequencies between 50 and 10 000, 
Mr. Turner points out that the frequencies below 50 
are important. This is agreed, but if on a practical 
issue there can be 100 per cent modulation at 50 cycles 
the other frequencies will be present in sufficient ratio. 
Mr. Gill describes an experiment in which he eliminated 
all frequencies above 3 000 and below 300 but found no 
difference whether they were present or not. This can 
probably be explained by realizing that in any case the 
reproducer itself (telephone or loud-speaker), if of con- 
ventional design, itself eliminates these frequencies, | 

Mr. Turner speaks of the use of land lines for inter- 
connecting stations, and doubts whether this is really 
a system that can be fully recommended, in view of its 
failure on certain occasions. In the paper it is stated 
that ‘‘ provided proper precautions were taken ” this is 
the best method of interlinking stations. In my 
opinion, failures are not intrinsically due to the system 
as such but rather to the inherent difficulty of using 
overhead lines in stormy weather. Future schemes rely 
entirely upon the use of buried cable, which does not 
suffer from unreliability in the same way. There is no 
technical ban to ultimate perfection in interconnecting 
stations by land line; unreliability is to-day the only 
difficulty. 

Mr. Turner’s final remarks as to detectors lead me to 
say on the one hand that the problem is one to be 
solved by receiver designers rather than by forcing 
transmitters to be more than ever extravagant in power 
by having to modulate feebly, and upon the other 
hand to point out that under usual studio conditions 
the R.M.S. modulation is never more than 15 to 20 per 
cent. 

It is difficult to accept Mr. Mason’s suggestion that 
the highly inductive choke inherent to the smoothing 
system acts to check flash-over in valves in the same 
way as a choke directly in series with the anode supply. 
In the former case large condensers shunt the end of 
the choke-to earth, whereas in the latter case no such 
condensers exist. Mr. Mason, however, argues that 
these condensers cannot store enough energy to produce 
flash-over. While I agree that this is true, they can 
supply momentarily enough energy to maintain and 
augment an arc started in whatsoever way, whereas the 
plain choke directly in series with the anode supply will 
act momentarily to quench the arc. 

Since writing the paper a valve rectifier limiter has 
been installed at 5GB in series with the direct-current 
supply. Flash-over conditions still take place but do 
less damage. They are, however, far more apparent, 
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causing noises on transmission and sometimes some 
damage to circuit components, than with 5XX (high- 
power modulation) where the voltage used is 11 500 
and the make of valves the same, although slightly 
lower in rating. It is not proved, but it would never- 
theless appear from the above, that a low-power modula- 
tion system where the highly inductive series choke is 
eliminated is more subject to flash-over effects, given 
the same type of supply for each system. The too 
numerous breakdowns at 5GB—a wholly experimental 
station providing an alternative service—have been 
almost wholly due to valve flash-over. It is believed 
that both anode supply from direct-current machines 
and low-power modulation systems present such mani- 
fold advantages that to abandon them for fear of valve 
flash-over is wrong; rather is it better to concentrate 
on the problem of eliminating flash-over in the valve 
and in the meanwhile apply such palliatives as may 
seem efficacious until the valve is produced which does 
not exhibit instabilities. 

Mr. Mason does not appear convinced that direct- 
current supply represents a substantial. economy, and 
he challenges the figures given in the paper. The 
figure of 60 per cent for the overall efficiency of a 
rectifying system was measured directly from a practical 
case. This involved a 2-wave rectifier with double- 
anode water-cooled valve and an applied single-phase 
alternating current of a frequency of 300 cycles. Mr. 
Mason’s 3-phase arrangement gave 72 per cent, but 
this probably involved a more expensive valve equip- 
ment (all to be replaced after a given time). Taking 
Mr. Mason’s figures, however, the saving for a 50-kW 
station is, as he states, £350 per annum. For 10 stations 
(or 5 twin-wave stations) this is £3500. The cost of 
maintenance of rectifiers for a twin-wave station is 
£1 500 per annum, or £7 500 for 5 stations. This is for 
a single-phase rectifier; might not the figure be higher 
for 3-phase working? The capital cost write-off (on a 
10 years’ basis) for the d.c. high-tension machinery for 
5 twin-wave stations is, on actual quoted figures, £5 000 
per annum. (It must be appreciated that a twin- 
transmitter station can be equipped with 3 machines 
for 2 transmitters, one between the two remaining as 
spare. Possibly Mr. Mason did not appreciate this 
point.) It must be remembered that the a.c. plant 


and rectifiers must be similarly written off. On the | 


same basis I make this £3000 per annum. Thus the 
saving due to using d.c. machines for 5 twin-wave 
stations is (on Mr. Mason’s efficiency figures of 72 per 
cent for the rectifier) £3 500 per annum in power and 
£7 500 per annum for rectifiers (conservative), making 
£11 000 per annum in all. Subtracting £2 000 as extra 
write-off for d.c. machines and adding to this, say, 
£1000 per annum for repairs, we get (on Mr. Mason’s 
figures) a total saving of £9000 per annum. Thus I 
think Mr. Mason’s figures (although by accepting 
72 per cent as the efficiency of a rectifier this greatly 
changes the figures given in the paper) should be modified 
to those given above, which still show a substantial 
gain in favour of direct current. As to security, the 
use of direct current presents no exceptional risk in 
view of the facts mentioned in the paper as to reliability, 
and further because wireless stations have been driven 


from high-power d.c. machines without breakdown for 
the last 6 or 7 years. 

The improvement of frequency characteristic at 5X X 
was certainly effected by mistuning both circuits, one 
up, one down, otherwise the difficulties which Mr. Mason 
hypothesizes might have been met with in practice. 

The suggestion as to the use of the superheterodyne 
receiver embodying a band-pass filter in the inter- 
mediate-frequency stage was first made to me by Mr. 
Kirke; possibly it has been made before, but apparently 
there has, as yet, been no practical outcome. It would 
be interesting to see the frequency characteristics of 
the receivers which, in their transformers in the inter- 
mediate stage, attempt to achieve the basic performance 
asked for. From listening, I feel that many of them 
achieve cut-off most successfully but never—as far as 
car be judged by ear—abruptly at high frequencies. 
Mr. Gill is right when he points out that there are two 
places of tune, and this may introduce jamming, but 
for broadcasting in the proper sense it is assumed that 
the receiver would be used only where the transmission 
to be heard is very strong and overpowers the 10- 
kilocycle-separated neighbour. 

Mr, Gill favours the use of wooden masts. Certainly 
these would overcome all shielding troubles, but it is 
feared that the structures might become unsafe long 
before those made with steel, and there is, it is felt, a 
good deal of danger from fire. It is believed that 
certain wooden masts supporting wireless antennz have 
actually caught fire in practice. 

Mr. Amis’s discussion of the papers deals with aerial 
design. The radiated power, in comparing the field 
strength at different distances using 1 040 and 600 kilo- 
cycles carrier-wave frequency, was not the same, but 
the power input to the main high-frequency magnifiers 
was identical. This is tantamount to saying that the 
aerial power was the same and thus the radiated power 
was dependent upon the radiation efficiency of the aerial. 
This is probably as good a practical comparison as any, 
but it has been stressed that the paper has by force of 
circumstances confined itself largely to qualitative state- 
ment. The British Broadcasting Corporation is at 
present engaged, as it has been for several months, on 
a quantitative study of all factors connected with aerial 
design and frequency of carrier wave used, and it is 
hoped that the results, when complete, will be pub- 
lished. This answers Mr. Minter’s question. Mr. 
Moullin’s question is dealt with by the further explana- 
tion given above. 

Dr. Smith-Rose raises some interesting points in 
connection with masts. The masts used at 5GB during 
the initial experiments were of the 110-ft. steel-tube 
type resting on concrete foundations. It was found 
that an extremely asymmetrical polar diagram resulted, 
the nearby 500-ft. uninsulated steel masts used for 
the 5XX aerial producing a severe shielding effect. 
New masts 300 ft. high, uninsulated and resting on 
concrete foundations, were erected but 4 wave-length 
further away from the large 5XX masts. The polar 
diagram was in these circumstances vastly better. This 
indicates that it is important to remove aerials as far 
from one another as possible, owing to direct shielding 
and phase distortion of disturbances set up in local 
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structures. Incidentally the 300-ft. masts now used for 
5GB have a natural wave-length not far different from 
that used by the station, and yet the masts do not 
appear to affect the polar diagram. This may be 
purely fortunate, it being impossible to work out the 
case as it contains so many variables. The wisest plan 
would appear to be to insulate the masts (they can then 
if necessary be earthed or tuned) and remove them as 
far away from the aerials as-possible. 

Regarding the comparison between half-wave and 
quarter-wave antenne, Mr. Amis suggests that the 
quarter-wave type could be improved by using multiple 
tuning. This is probably true, but equivalently the 
half-wave type could be proportionally improved also; 
comparison must surely be made under similar condi- 
tions. Multiple tuning has been used on the London 
station, but in this case at any rate it introduced 
directional effects. 

The transmission line at 5GB shows by measurement 
that losses are negligible. The same applies to the 
London station aerial also, which is fed by a feeder. 
The R.M.S. voltage developed across the secondary of 
the coupling transformer between feeder and aerial at 
65GB is 3 500 volts. No trouble has been experienced 
with this quite normal voltage. The suggestion that a 
mast could be used as an aerial but that the concrete 
foundation might serve as the insulator is not entirely 
new. If the voltage across the concrete to earth were 
high, large losses would accrue, but Mr. Amis suggests 
that by suitable arrangements, the loading inductance 
to the mast being small, such losses might be negligible. 
This is possibly true and deserves fuller investigation. 
Without measurement it is impossible to be dogmatic. 
I feel, however, that losses might be more than could 
be justly allowed, the power being a major item in the 
cost of running a broadcasting station. 

Both Mr. Watson Watt and Mr. McPherson have 
asked for further enlightenment on the behaviour of 
. the cathode-ray oscillograph. Firstly, the constant 
given in the paper is not a single constant; secondly, 
the focus required (for clear definition) is not the same 
for a large as for a small deflection. If the focus is 
arranged for a medium or large deflection and clear 
definition it is probable that the spot at zero applied 
plate voltage will be large, the beam tapering at some 
point between anode and fluorescent screen but expand- 
ing again on the screen. A certain applied threshold 
voltage will then cause the taper to change and the 
spot will become small. This effect only occurs when 
the filament is bright enough to give clear definition for 
big deflections, but is therefore always present. The 
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two curves in the paper were taken at different filament 
temperatures. The threshold effect is thus always 
present when proper definition is required for the 
purposes explained in the paper. . 

The reception of 5XX (frequency 200 kilocycles) is 
always better in rural than in urban areas. This is 
due to two causes, firstly the larger aerials that can be 
used in the former case and secondly the severe dielectric 
losses in the latter case. Mr. MQqullin's question on 
this point is thus answered. 

Mr. Braendle rightly points out that if it were possible 
to hold the carrier waves of two stations at the same 
frequency and the same phase relationship there would 
still be the question of side-band interference to con- 
sider. The high-frequency interference would take the 
form of different cancellations or additions of different 
side-band frequencies at the same point in the field set 
up by the action of the two stations (frequency charac- 
teristic distortion), and. also different cancellations or 
additions of side bands compared with the carrier-wave 
cancellations and additions. The low-frequency out-of- 
phase effects introduced by the effect of two different 
lines carrying the modulations from one studio to two 
transmitters would produce some distortion but, judging 
by experience of mixing at low frequencies for echo 
purposes, nothing so serious as the high-frequency 
effects. It is fair to assume, however, that at some 
point relatively near one station the effect of the other 
would be negligible. Thus although there would be an 
area of bad quality between two stations operating on 
the same carrier frequency, the wipe-out *“* A ” or per- 
haps “ B” service area might remain, given proper 
geographical separation, intact and undisturbed. A 
point to consider is that the beating together at what- 
ever audible frequency of carrier waves constitutes a 
100 per cent modulation effect in receivers; the beating 
together of side bands represents practically a less 
effect, allowing the service area to be extended when 
single-wave working is in operation. Thus areas of bad 
quality might be filled by a third station and the whole 
of a programme could be transmitted over as large an 
area as desired through two channels using two groups 
of stations, each group sharing two different waves 
only. 

Mr. Scroggie appears to have confirmed some of the 
results concerning receiver selectivity and side-band 
cut-off given in the paper. He asks whether the 
paralleling of d.c. and a.c. supply plant at 5GB is in 
order to use the a.c. supply as stand-by. Eventually 
this will be so used, but at present both supplies are 
used in parallel. . 
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THE DISTRIBUTION OF CURRENT DENSITY IN LEAD ACCUMULATORS.* 


By Jonn TEARE CRENNELL and FREDERICK MEASHAM LEA. 


(Paper received 12th September, 1927.) 


SUMMARY. 

An expression has been obtained for the distribution of 
current density over a plate, involving the polarization at 
the plates, the fall of potential in the body of the plates, 
and the resistance of the electrolyte between the plates. 

The polarization has been measured at both the positive 
and negative plates for various current densities. 

The fall in potential in the plates has been calculated and 
the calculation confirmed by direct measurement on a special 


type of cell. 
Values of the mean current density at various times 


, throughout the discharge have been determined for various 
points along the vertical length of the plate, and the total 
capacity per unit area at these points has been estimated. 
These values are confirmed by the changes in acid density 
found at various parts of the cell during discharge. 


In certain types of modern lead accumulators, plates 
are employed of a light construction and of great vertical 
height. The combination of these two factors has a 
bearing on the distribution of current in the cell, which 
has been investigated by an indirect method and is 
described in this paper. The results obtained are 
applicable to any cell with pasted plates of about } in. 
thickness. 
current density with depth has been applied to a par- 
ticular type of cell (a 37-plate cell) of about 4000 
ampere-hour capacity discharging at 500 amperes. Data 
regatding the variations in acid density at different 
depths in such a cell during discharge were available, 
and these figures provide a rough check on the accuracy 


of the method. This type of cell will hereafter be 


referred to as type X. 


Previous WORK. 


Little previous work seems to have been carried out 
on this subject. Schoopf investigated the distribution 
of current density over a pair of plates separated by a 
considerable horizontal distance, particularly studying 
the effect of that portion of the electrolyte which lies 
below the plates. Schoop found the current density a 
maximum at the bottom of the cell, that is, in the part 
nearest to the “ electrolytic shunt ” or free electrolyte 
space below the plates. The determination of current 
distribution was made by suspending a pair of small 
spongy lead electrodes in the space between the plates, 
and rotating the pair until a galvanometer connected to 
the electrodes showed no deflection. Equipotential 

* The Papers Committee invite written communications (with a view to 
publication in the Journal if approved by the Committee) on papers published 
in the Journal without being read at a meeting. Communications should reach 
the Secretary of the Institution not later than ene month after publication of 


the paper to which they relate. ey 
t Bulletin de la Société Française de Phystyue, 1906, vol. 3, p. 252. 


A method of determining the variation of 


lines were thus found, and the current distribution was 
determined by plotting lines normal to these. The 
plates used were slightly Planté formed, and placed at 
opposite ends of a container. In such a cell the effect 
of electrolyte resistance is magnified, and those of 
polarization and plate resistance are diminished, in 
comparison with the conditions of a normal accumulator. 
Schoop's direct method obviously cannot be employed 
in a cell with closely packed plates and separators, and 
no alternative, suitable, direct method was available. 

On the other hand, an examination of the conditions 
existing in a cell carrying a current indicates that the 
important factors which determine the value of the 
current density at any part of a plate are plate resistance, 
electrolyte resistance and plate polarization, and the 
magnitudes of these various factors may either be 
calculated or determined experimentally. 


PRINCIPLES OF METHOD EMPLOYED. 


The method employed is to obtain a relation between 
the factors mentioned above and the current densities : 


Fic. 1. 


at two levels in the cell, by following the potential 
changes occurring round a closed circuit in the cell. 
By evaluating the other quantities involved in the 
equation thus obtained, the change in current density 
with depth may be determined. 

Consider a pair of. parallel vertical plates in a lead 
accumulator, separated by a space containing sulphuric 
acid (and normally a separator of wood-sheet or other 
material). AD and BC (Fig. 1) are horizontal sections 
through the plates. Suppose the cell to be discharging 
through an external circuit so that the flow of current 
is in the direction shown by the arrows, i.e. from positive 
to negative outside the cell, and from negative to 
positive through the electrolyte. There is thus a flow 


of current in the direction AB in the material of the-- 


positive plate, and similarly in the direction CD in the 


530 CRENNELL AND LEA: THE DISTRIBUTION OF 


negative plate, the magnitude of this current being 
greatest at the top and least at the bottom of each plate. 

Consider the putential changes occurring round a 
circuit ABCDA, as indicated on the potential diagram 
(Fig. 2), where P and P’ are differences in potential in 
the body of the plate, due to plate resistance; Ey and Eo 
are positive and negative electrode potentials; Pz, Pa Py 
and Po are values of polarization at A, B, C and D 
respectively; and L, and L, are potential-drops across 
the electrolyte. 

Since a closed circuit has thus been completed, the 
total change in potential must be zero on returning to 
the same point A. That is 

- (E, — Py) + Ly — (Es — Pa) — P’ 
— p) o Ly + (E, — py) =0 
wœ P+P=L- e + (P1 + Po — (p, + Pa) 
or P +4 P'=L;,— 2ta—a’ 


where a is the sum of positive and negative plate 
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polarizations at the level BC, and a’ is the sum of 
polarizations at AD. 

Now if the current density over the surface of the 
plates at the level AD be I amperes per cm®, and at 
the level BC, J + 81 amperes per cm?, and if the elec- 
trolyte resistance between plates be r ohms per cm? of 
electrode area, then 


L, = ie + 91) 
and Lg = r(1) 


Over a small range of current density it may be 
assumed that the plate polarization is proportional to 
the current density, so that 


a—a’=K.6I where K is a constant. 
P4+P =(P4RBJIÓL . . . . (10 


It may be shown in a similar manner that the same 
equation holds for a cell on charge. 

Resistance of electrolyte and separator.—The value of 
- the term r in equation (1) may be calculated from the 
known yalue of acid conductivity, an allowance being 


Thus 


made for the resistance of a wood separator. Vinal * 
gives a table of “effective” resistances of common 
types of wood separator. The average value is about 
0-063 ohm per sq. in., using separators of mean thick- 
ness 0:063 in. The separator in cells of type X has a 
rib ły in. thick, and a back web of +, in., the width of 
each back web being four times that of the rib. This 
gives a mean thickness of 0-08 in., and hence a resistance 
of about 0-08 ohm per sq. in., or 0-52 ohm per cm?. 
The acid resistance in a horizontal column of 1 cm? area 
between plates 0:5 cm apart, is 0-5 x 1-38 ohms 
= 0-69 ohm, taking a mean value for the acid resistance 
between densities of 1-270 and 1-140, which is about 
the range of acid density on a complete discharge. The 
eflective resistance of the electrolyte is therefore approxi- 
mately 1-2 ohms per cm? This is the value given to 
the term 7 in equation (1).* 

Assumptions.—It has been assumed in this derivation 
that the lines of current-flow in, the electrolyte are 
normal to the plate. Actually there is a tendency for 
the lines to slope downwards from the negative to the 


positive plate, since the change of polarization for a 


given change of current density is smaller in the negative 
than in the positive plate. This tendency is checked 
by the additional electrolytic resistance of the sloping 
path, and the lines will not be appreciably deviated 
from the horizontal by this cause. 

The further assumption has been made that the path 
of the current in the material of the plates is vertical. 
This is certainly incorrect, as the current is led off from 
one lug near the end of the top edge of the plate, and 
also the heavier outside edges of the grid will tend to 
carry an excess of current. The assumption is necessary, 
however, to simplify the calculation and is of negligible 
importance in this connection. 

No account has been taken of the marginal conduc- 
tivity found by Schoop (loc. cét.). Ahmed f studied the 
electric field in an electrolytic cell, and concluded that 
the portion of the marginal space outside the electrodes 
which usefully contributes to the conductance of the 
cell is limited to a margin equal in depth to the spacing 
between the electrodes, and that the value of this margin 
in adding to the conductance falls off rapidly as the 
portion of the plate considered recedes from the edge of 
the plate. 

In cells of type X the space between plates is 0-5 cm. 
There is no free electrolyte space at the sides of the 
plates, and a free space of about 9 cm below the plates. 
The dimensions of the plates are given in Table 1. 


* “ Storage Batteries,’ p. 48. The method of measurement of the resistance 
of wood regan sah consists in measuring the resistance of an electrolytic cell 
containing s ee acid with 1 and without the wood separator interposed 
across the of the current. The difference of the two measurements gives 
the ‘ effective ’’ resistance of the separator. 

$ The maximum and minimum values of r, owing to the change in acid 
density during discharge, are as follows :— 


Minimum: 30 per cent HSO,, ey k = 0-739 mho. 
Therefore acid resistance = 0-5 x 1/k = 0-676 ohm cm, 
Maximum: 22 per cent H3S0,, conductivity k = 0-680 mho. 
Therefore acid resistance = 0-735 ohm per cm, 


Total electrolyte resistance, with separator :— 


Minimum = 1:196 ohms per cm2. 
Maximum = 1:255 ohms per cm2, 


The maximum value, which differs most widely from the mean value used 
reached only at the of athe es ral : it will be seen later that at Pant 
s n n equa on proaches a value and is ore large compared 

with 7. The error in Aie teir the value 1:20 ohms per cm? for r 
throughout the ge will np iaer be small. 
1 Journal I.E.E., 1924, vol. 62, p. 801. 
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TABLE 1. 
Height Width Thickness 
cm cm cm 
Positive 17-5 28-9 0-63 
Negative 77°65 28-9 0:475 


With such plates the edge corrections may be con- ` 


sidered to be negligible. 

The initial concentration of acid has been assumed 
to be uniform over the length of the plate, making the 
electrode potentials on open circuit equal at different 
levels. This condition is found to be fulfilled in practice, 
since the gassing at the end of charge efficiently mixes 
the electrolyte, though the space below the plates may 
contain acid of appreciably higher concentration than 
that in the remainder of the cell. This tends to produce 
a higher acid concentration—by diffusion—over the 
bottom portion of the plates, but, unless a cell has 
been standing for a considerable time after charge, the 
inequality will be small and will affect only a small area 
of the plate. The concentration of acid will change 
more rapidly during discharge in those parts of the 
plate where the current density is greatest, thus changing 
the electrode potentials. This change is, however, 
included in the plate polarizations as measured experi- 
mentally. In order that the magnitude of the differ- 
ences in open-circuit e.m.f. due to a possible unequal 
initial distribution of the acid might be estimated, the 
change in e.m.f. for a given change in acid concentration, 
in positive and negative plates, has been determined. 


EFFECT OF ACID CONCENTRATION ON PLATE POTENTIALS, 


Measurements of the positive plate potential. were 
made using electrodes of lead peroxide electrolytically 
deposited on platinum, and of the negative plate potential 
using a small section of pasted negative plate. The 
e.m.f. in each case was measured against a mercurous- 
sulphate (7-5 N sulphuric acid) electrode, at 18°C. The 
results are given in Table 2 


TABLE 2. 
Acid normality -2 | 5-10 7:50. 10-84 
Acid density . 1-154 1-222 1-308 
Positive plate e.m, £ 
(volts) 1-0580 | 1-0945 | 1-1485 
Negative plate e.m. £ 
(volts) — 0:9430 |— 0-9640 |— 0:9900 


Cell e.m.f. (volts) 2-0010 | 2-0585 | 2:1385 


Interpolating from these results, it is found that a 
difference in acid density between 1-270 at the bottom 
and 1-245 at the top of the cell would be required to 
cause a difference in cell e.m.f. sufficient to counteract 
the potential difference due to the resistance of the 
plates, with a current through the cell of 500 amperes, 
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i.e. the term (P + P’) in equation (1)—and thus to 
make the current density initially uniform. 

Such a difference m acid density is outside the possible 
range of a newly charged cell, and the effect of small 
differences in acid density, such as may occur, will 
be small. 

To apply equation (1) to the calculation of the 
difference in current density between any two points 
in a cell on discharge, it is required to find the value of 
P and P’, and of K. 


EXPERIMENTAL DETERMINATION OF POTENTIAL FALL 
IN POSITIVE AND NEGATIVE PLATES IN A CELL 
CARRYING A CURRENT. 


A direct measurement may be made of the potential 
differences set up in the plates of a cell, or, if the resist- 
ance of a plate to a current flowing through it is known, 
the potential fall in any portion of it may be calculated 


with any given distribution of current. 


Full-scale direct measurements on cells of type X 
have not been carried out, as the method employed 
involves the destruction of the cells, and as cells of this 
size (about 4000 ampere-hour capacity) are unsuitable 
for a laboratory investigation. 

Direct measurements have, however, been made on 
smaller plates, which can be compared with the values 
obtained from the calculated resistances, thus providing 
a check on the accuracy of the calculated values. 

For this purpose, experimental cells were made up, 
using a special type of plate of the following dimen- 
sions :— 


Height 30-5 cm 
Width . 9-8 cm 
Thickness 0: 158 cm (+), in.) 


Positive and negative plates had similar grids. These 
unusually tall, thin plates were chosen in order to magnify 
the potential differences due to the resistance of the 
plate and so facilitate their measurement. Two cells 


were made up, each containing three plates, one cell 


with two positive plates and one negative, the other 
with two negatives and one positive. The capacity of 
each cell was about 8 ampere-hours when discharged at 
3 amperes. 

Lead strips were burnt on to the grid at various 
points, and led out at the top of the cell. The strips 
were enclosed in rubber tubes to prevent contact with 
other parts of the plates. Each plate had one strip 
burnt on to the lug which carries the current from the 
cell (at the top of the plate), and other strips at three 
or four other points of the grid, at various levels in 
the cell. 

The differences in potential were measured on a 
potentiometer, between the point on the lug and each 
of the other points on the plate, when the cell was 
carrying currents oí 3 amperes and of 5 amperes. The 
results for the two current rates gave concordant values. 
Tables 3 and 4 give a summary of mean values, reduced 
to a current rate of 3 amperes per plate in all cases. 
(As no attempt has been made to analyse the distribution 
of current density in a horizontal direction, only the 
vertical distances of the points are quoted.) 
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TABLE 3. 


Positive Plate. 


Distance of point from top edge of plate (cm) .. 26 


20-6 l4 10-8 3-8 
Potential difference from lug (volt) 0- 00483 0-00424 0-00375 0-00335 0-00220 
TABLE 4. 
Negative Plate. 
Distance of point from top edge of plate ne 25-4 20-6 14 3-8 
Potential difference from lug (volt) 0-00291 0-00278 0-00219 0-00130 


CALCULATION OF PLATE RESISTANCE TO VERTICAL 
CURRENT, AND THENCE OF THE POTENTIAL DIF- 
FERENCES SET UP. 


In the positive plate the grid alone is responsible for 
carrying practically the whole of the current, the specific 
resistance of lead peroxide (the active material in the 
positive plate) being 0-25 ohm per cm cube, or about 
104 times greater than that of the material of the grid. 
In the negative plate, however, the spongy lead paste 
is a fairly good conductor and plays a considerable part 
in carrying the current. 

The electrical resistance of the vertical portion of 
the grid in the type of plate used in the above measure- 
ments has been calculated. The total weight of metal 
contained in the vertical elements of the grid is 
100 grammes, the material being an alloy of lead with 
7 per cent antimony, of density 10-8 grammes per cm? 
and specific resistance 2-59 x 10—° ohm per cm cube.* 

Hence the volume of this vertical portion is 9-26 cm%, 
and, since the vertical length is 30-5 cm, the effective 
cross-sectional area of the grid is 9-26/30-5 = 0-303 cm?. 

Therefore the effective resistance of the grid to 
current flowing vertically is 


2-59 x 1075 x 30:5 


= 2: -3 oh 
acai 60 x 10-8 ohm 


If the current density were uniform over the whole 
plate when carrying a current of 3 amperes, the potential 
difference between the top and bottom of the plate 
would be 3-90 x 10- volt. If the values of potential 
differences in the positive plate given in Table 3 are 
plotted and the curve extrapolated to find the drop in 
the whole plate, the value found is about 3-75 x 1073 
volt. This agreement is as good as can be expected, 
since the current does not flow entirely in a vertical 
direction and the current density will not actually be 
uniform. This result justifies the calculation of the 
resistance of any other positive plate from the dimen- 
sions of the grid. 

In the negative plate there is the additional con- 
ductance of the paste. From Tables 3 and 4 it is seen 
that the ratio of the potential differences between 


corresponding points in the positive and negative plates - 


* Vinal: loc. cit., p. 14. 


is approximately 1-70. The ratio of the resistances is 
therefore 1-70, and the ratio of the resistance of negative 
paste to the resistance of negative grid is 1/0:7. From 
this figure, and the dimensions of the paste, the specific 
resistance of the negative paste may be calculated and 
is found to be 1:83 x 10-4 ohm per cm cube. In 
both the small experimental plates, and in plates of 
type X cells, the negative paste has an apparent density 
of about 5-6, so that the specific conductivity may be 
assumed to be the same in both pastes. 

In type X the weights of the total vertical portions 
of the grids are:— 


Positive grid, 2 069 grammes. 
Negative grid, 909 grammes. 


Calculating the “ vertical ” resistance of each grid in 
the same way as for the experimental plates, we get:— 


Resistance of positive grid = 8-18 x 10-4 ohm. 
Resistance of negative grid = 1-88 x 1073 ohm. 
Resistance of negative paste = 1:077 x 1073 ohm. 


The resistance of the negative paste is found from the 
plate dimensions and the specific resistance given above. 

Hence the éffective resistance of the whole negative 
plate is 6-80 x 10-4 ohm. 

The resistance of the positive plate is that of the 
grid alone, namely, 8-18 x 10—4 ohm. 

The negative plate resistance is assumed to be con- 
stant throughout the discharge of a cell. As the 
formation of non-conducting lead sulphate proceeds, 
the resistance of the paste will increase, to an extent 
depending on the stage of discharge reached. If the 
increase in resistance is assumed to be proportional to 
the decrease in mass of the spongy lead in the plate, the 
resistance of the paste at the end of a discharge will be 
increased by about 20 per cent (since about 20 per cent 
of the paste is utilized in a normal discharge) to a 
value of 1:22 x 1073 ohm, giving a plate resistance 
of 7-4 x 1074 ohm. This factor has not been taken 
into account in the calculation of current distribution, 


but would tend to cause a greater difference in current . 
density between the top and bottom of the plates ,. 


than thet calculated, particularly towards the end of 
discharge. 
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RESISTANCE MEASUREMENTS. 


As a check on the (calculated) values used, the 
resistances of plates of type X have been measured, 


Single positive and negative plates were used. A. 
current of 10 amperes was passed through the plate 


between connections made at the top and bottom. 


_ The top connection was made at the lug, the bottom 


connection at four points in succession, approximately 
equally spaced along the bottom edge. The grid was 
cleaned at three other points near the top, and three 
near the bottom of the plate, and the potential difference 
between each top point and the three bottom points 
was measured on a potentiometer. Mean values of the 
potential differences give a measure of the plate resistance 
to current flowing vertically. In the case of the positive 
plate, a dry plate as delivered was used. The negative 
plate was charged and kept immersed in water to prevent 
oxidation of the paste throughout the measurements. 

The resistance so found for the positive plate was 
8-38 x 10—% ohm, which is in good agreement with 
the calculated value given above. 

The resistance of the negative plate was 8:90 x 10-4 
ohm, a much higher value than that calculated. It 
was found that the density of the paste (mass/volume) 
in this particular plate was about 4-2, as compared 
with about 5-6 for the plates mentioned above, and it 
is considered that the consequent difference in the 
conductivity of the paste is roughly accounted for. It 
is clear that considerable differences may occur in the 
constitution and behaviour of the negative plate. A 
greater resistance in either plate gives an increase in 
the term (P + P’) in equation (1) and will result in 
greater differences of current density over the plate. 
The effect may be represented by an increase in the 
ordinate scale in Fig. 6, the form of the curves remaining 
similar. 

The results of this work are thus only correct for the 
particular cell considered, but are approximately correct 
for any cell of type X, and qualitatively applicable to 
any type of cell. 


POLARIZATION OF PLATES. 


Owing to the passage of current through a lead cell, 
the electrodes become polarized. As a result of the 
electrode reactions on discharge, sulphuric acid is 
removed from the neighbourhood of both plates, and at 
the positive plate there is in addition a production of 
water. The polarization potential on discharge is due 
to this acid dilution, and is the sum of a number of 
factors, a drop in electrode e.m.f., increased ohmic 
resistance of the acid in the pores of the plates, etc. 

On charge, acid is produced by the reactions at both 
plates and water is removed at the positive plate, thus 
giving an increased acid concentration in the pores of 
the plates. This results in an increased electrode 
e.m.f. and an increased ohmic resistance of the acid in 
the pores (since the acid conductivity passes through a 
maximum at a density of about 1-220). At the end of 
charge a further rise in the e.m.f. occurs, dependent on 
the overvoltage necessary for gas discharge at the plate. 

The sum of these effects at either plate, on charge or 
discharge, is referred to as the polarization of the plate 
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and may be measured by following the change in e.m.f. 
between the grid of the plate and a point immediately 
outside the plate during the course of a charge or 
discharge. 

Experimental measurement of polarization.—Small 
plates were used having a paste area of 1-2 x 1:3 cm 
(each side) and thickness 0-6 cm. Each consisted of a 
single pocket, with sides completely surrounded by a 
heavy grid, the available paste area being 3-12 cm?. 
Cells were made up in containers 10 cm by 1:6 cm by 
3-8 cm high. Each cell contained three plates fitting 
closely into the container, with no free space below the 
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Fic. 3.—Polarization of positive and negative plates 
discharging at 18°C. and 25°C. 


plates. The level of electrolyte was just sufficient to 
cover the plates. The plate on which the polarization 
was to be measured was placed in the middle of the 
container, with two plates of opposite polarity at the 
ends of the 10 cm length of the container. (This 
arrangement ensures that current lines shall be normal 
to the plates, and avoids edge effects.) Potentials were 
measured against a mercurous-sulphate electrode (7-5 N 
sulphuric acid). The tip of the electrode connecting 
tube was placed in contact with the plate the polariza- 
tion of which was to be measured, a fine capillary being 
used in order to avoid shielding the plate from current. 
The polarization cells were placed in a liquid thermo- 
static bath, with the mercurous-sulphate electrode at 
35 
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laboratory temperature. The temperature of the latter 
was taken throughout each operation and a correction 
applied for the temperature coefficient of e.m.f. This 
temperature coefficient was measured between two 
similar mercurous-sulphate electrodes, and was found 
to be approximately + 3-5 x 1074 volt per degree 
C. at 18°C. 

The polarization cells were charged and discharged 
at three different rates, viz. 


19-5 mA = 0-00625 amp. per cm? 
39-0 mA = 0-0125 amp. per cm? 
78-0 mA = 0-025 amp. per cm? 


and at two temperatures, 18° C. and 25°C. The specific 
gravity of the acid in the polarization cells was observed 
at the beginning and end of each operation, and was 
kept between 1-240 and 1-250, with the cells fully 
charged, throughout the period of working. Small 
variations in specific gravity due to evaporation, etc., 
cause a difference in the “open-circuit” electrode 
potentials, but the effect of such changes in specific 
gravity on the polarization during charge or discharge 
is small and no variations due to this cause, outside the 
limits of error, were observed. 

The “open-circuit” potential of the plate against 
the mercurous-sulphate electrode before each operation 
is taken as the zero for that operation, the polarization 


recorded being the difference between this value and the — 


subsequent potentials during charge or discharge. 
The results of measurements of polarization during 


discharge of both positive and negative plates are shown . 


in Fig. 3.* Each curve has been obtained from at least 


three sets of readings, and represents the mean value. © 
The effect of temperature on the polarization of the - 


positive plate is seen to be considerable. The polariza- 
tions on charge are not so readily comparable as those 
on discharge, ir that they are dependent on the amount 
of discharge previously taken from the cell. Some 
typical polarization curves on charge are shown in 


It will be noticed that there is a marked tendency 
for the polarization, both on charge and on discharge, 
to have a high initial value, falling to a minimum some 
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Fic. 4.—Polarization of positive and negative plates 
charging at 18°C. and 25°C, 


minutes after the beginning of the operation. This 
effect has been previously observed * and has been 
attributed to various causes. 


-* The very sharp rise in polarization at the negative 


plate when gassing commences is a marked feature of 
the charge polarization curves. This sudden rise pre- 
cludes the possibility of an unequal distribution of total 
charge over the surface of the plates; for each portion 
of the negative plate, when it reaches the stage where 


TABLE 6. 


Time after start of discharge (hours) | A 
. K in volts per ampere per cm? de 


4 
1-28 


Fig. 4. The. time of previous discharge at the same : 
current is shown in each curve by a vertical line crossing | 


the curve. 


* Lottermosser and Grutzner Kanani de A norpa ici Chemie, 1924, | 
lar: 


vol. 140, p. 93) have measured the po 
accumula 


ions on 
tor and 


the series of measurements, on charge or discharge, in accordance 


larization values 
,obtained depend on whether the electrode tip is aor above or below the 
centre of the plate. No explanation was offered, but the variation of plate 

tential as measured in such a i 


potential in the material of the plate, as descri the paper. 


cell is to pe apata, owing to the drop in , 


gassing starts, will automatically cease to take any 
appreciable current until those parts of the plate not 
yet fully charged have. reached a similar condition. 
The distribution of current over the positive plate will 
be controlled by the behaviour of the corresponding 
parts of the negative plate, since any considerable 
obliquity of the current lines in the electrolyte is pre- 
vented by the additional acid resistance called into 
play. It may therefore be assumed that all parts of 
the plate must be fully charged before any appreciable 
gassing commences at the negative plate. On discharge, 
however, the changes-in polarization are continuous and 
steady, and their effect on the distribution of the current 
may be calculated on the basis of equation (1). 


* Morse: “ Storage Batteries,” pp. 97 and 105; also Vinar: loc. cit., p. 229; 
and LoTTERMOSSER and GRUTZNER: loc. cit., pp. 103 and 104, 
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The value of K(= dajdI) at any time during the 
discharge may be determined from the curves, if the 
change in polarization with current density is assumed 
to be linear for current densities between 0-00625 and 
0-0125 ampere per cm*. The values of K are given in 
Table 5. 

The figures given in Table 5 are for plates discharging 
at 18°C, 


Te OF DISTRIBUTION OF CURRENT DENSITY 
IN CELLS OF TYPE X* DISCHARGED AT 500 
AMPERES (THE 8-HourR RATE) AT 18°C. 


Consider a pair of adjacent plates, positive and 
negative, of length J. Let the current density be I at 
a point distant x cm from the bottom of the plates 


Fic. 5. 


(see Fig. 5), and J + Ól at a point distant x + $x from 
the bottom. | 

Let the resistance of the positive plate per unit length 
be p; and, since the width of the plate does not affect 
the vertical distribution of current, a plate of unit 
width will be considered for simplicity. | 

The fall in potential in the length dz of the positive 
plate is p.0x.I, where I, is the total current passing 


through this portion of plate, ie. I, = 2 (rae, including 


0 
the current reaching both sides of the plate. 
In the negative plate the corresponding fall is 
p':Ox.L. 
Hence, applying a (1) to the portions of 
plates dz, we have 


(p + poz. afiar =(K+r6l . . (2) 
0 


z 
+ p' dl 
or Ke | a Ta 
0. 
Putting [zas = y 
dI dy 
we have a 8 
and equation (2) reduces to 
+p d¥y | 
— 5 da e 8) 


* The above results ma 
pal density in any 
values of K will 


be applied to the calculation of distribution of 
past cee of about } in. thickness, since 
1 be eri on plate 


the solution of which is 


Y — A,e* + Age e . . . (4) 
where A, and Az are constants and 
a= qf (EL) e . . (5) 


When a = 0, y = 0, and therefore A, = — Ag. 

When x =l, y = B (the total current reaching one 
side of the plate, for a plate of 1 cm width). 

Therefore B = A,(e* — e~%). 

Thus equation (4) becomes 


B És ` 
Y = (al e=ah (e7 — e~%) 


Differentiating, we get 


dy _ e em. . (6) 


h= = 
dx (et 


The value of B, when a cell of type X is discharging 
at 500 amperes, is 0: 467 ampere (for the strip 1 cm wide 
considered above). 


Current density, in (amps. x 10°) per cm? 


$7 
Time of dienare; in hours 
Fic. 6.—Distribution of current density. 


The value of a at any time during the discharge may 
be determined from equation (5) and Table 5, the 
values of p and p’ being 3-05 x 10-4 and 2-54 x 10-4 
ohm per cm, as determined from the plate resistances. 

Thus, applying equation (6), the value of Z for any 
value of x may be found at various times during the 
discharge. 

The values of J at vertical intervals of 10 cm over 
the length of the plates are given in Table 6. 

The values given in Table 6 are plotted in Fig. 6, 
the corresponding value of x being indicated on each 
curve. 

There is initially a very marked difference in current 
density between the top and bottom sections of the 
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plate, which falls off rapidly after the discharge has been 
in progress for about an hour. After 4 hours the 
differences are comparatively small, and the distribu- 
tion is changing slowly. If curves of current density 
against time are plotted for points at different depths 
in the plate (Fig. 6), the area included between each 
curve and the time axis gives the total amount of 


show that this does in fact occur. Thus, during a com- 
plete discharge at the 8-hour rate, the concentration 
of the acid at a point one-eighth of the length from 
the bottom of the plate was found to change by 
164 grammes per litre, while the acid from a point 
one-eighth of the length from the ‘top of the plate 
changed by 220 grammes per litre.* The change in acid 


TABLE 6. 


Current Density in Amperes x 1073 per cm? at Various Levels in the Plates throughout the Discharge. 


Current density for the following times of discharge 


Height above 
bottom of plate 
3 hour 3 hour 1 hour 2 hours 8 hours 4 hours 
cm amp. x 10-3 amp. x 10—3 amp. x 10-3 amp. x 10-3 amp. x 103 amp. X 10—3 
0 3:94 89 4-08 4-70 5:08 5°36 
10 4-055 3°99 4:17 4:76 5°13 5:40 
20 4°33 4:27 4-43 4-95 5°27 5:49 
30 4-82 4-76 4-85 5-26 5:50 5-62 
40 5-50 5:475 5:53 5:72 5-81 5°88 
50 6-44 6-45 6-42 6-32 6-24 6-18 
60 7-70 7:73 7-58 7-08 6-78 6-56 
70 9-23 9-39 9-07 8-04 7-44 7-00 
° 0-90 10-45 8-89 8-00 7°39 


NoTE.—Mean current density over whole plate = 6-03 x 10-8 ampere per cm?, 
* Top of plate. f 


discharge in ampere-hours x 10—3 per cm? taken from 
each level in the plate during any given time. 

The curves cannot be continued to cover the whole 
time of discharge of the cell (8 hours) from the polariza- 
tion data obtained; but the probable form of the curves 
is clear—each gradually approaching the current- 
density value 6-03 x 10—3—and, as the differences after 


concentration is proportional to the amount of dis- 
charge taken from the cell at any point—assuming 
no mixing by diffusion in a vertical direction during 
the discharge—and the ratio of the amounts of dis- 
charge drawn from the points mentioned above is 
therefore 220/164 = 1-34. 

The ratio of the amounts of discharge calculated for 


TABLE 7. 


Capacity in Ampere-hours x 1073 per cm? of Plate Area at Different Levels in the Plate. 


Height above bottom of pas (cm) 0 10 20 


30 40 50 60 70 | 77-50 (top) 


Capacity .. : .. | 40-79 | 41-38 | 42-36 | 43:85 | 46-53 | 49-93 | 54-20 | 59-41 | 63-86 


NoTE.—Mean capacity per cm? over the whole plate = 48-24. 


4 hours are small, an extrapolation of the curves allows 
approximate values to be determined for the total dis- 
charge per cm? at each level in the plate during an 
8-hour discharge. The Bases so obtained are given in 
Table 7. 

The difference in he amount of discharge between 
the top and bottom of the plates must result in a cor- 
responding difference in the amount of acid removed 
from the electrolyte. Readings of the acid density on 
samples drawn from different depths in a cell of type X 


points distant 70 cm (approximately { of plate length) 
and 10 cm (approximately 4 of plate length) from the 
bottom of the plates (see Table 7) is 59: 41/41- -38 = 1-43. 
The agreement between these figures is as good as can 
be expected. 

The authors are indebted to the Admiralty and the 


Department of Scientific and Industrial Research for 


permission to publish this paper. 


* The observations from which these values have been obtained were made 


by Mr. A. N. Hazlehurst, M.Sc., to whom the authors wish to express their 
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ELECTROCHEMISTRY AND ELECTROMETALLURGY.* 
By W. W. E. FRENCH, Member. 


In this, the first review of the electrochemical 
industries, it is intended to discuss the processes 
involved in present-day practice more on general lines 
than to give any specific account of the progress in any 
particular branch of the industries over any particular 
period. In this way a broad foundation will be prepared 
on which future progress reviews can be built up. 

For this purpose the subject has not been. treated 
under the headings implied -by the title, but has been 
dealt with under the two main headings suggested by 
the fundamental principles involved in electrochemical 
processes, namely electrothermics and electrolysis. 

In the widest sense, the electrochemical industries 
embody all processes in which electricity is used as a 
direct agent in chemical manufacture, irrespective of 
the nature of the resultant product. If electricity be 
employed solely as a source of heat, the process is 
“ electrothermal ””; and those in which the electrolytic 
action of the current is applied to the decomposition 
of compounds are known as electrolytic processes. 
Thus, both electrothermal and electrolytic processes 
. may yield metallurgical.and “ chemical ” products. 


(1) ELECTROTHERMAL PROCESSES. 


NITROGEN-FIXATION AND NITROGEN PRODUCTS. 


The importance of nitrogen and nitrogen compounds 
to all vegetation and, therefore, to agriculture, are too 
well known to need further comment. 

The world’s increasing demand for food, combined 
with the inadequate natural formation of nitrogenous 
fertilizers, and the fact that nitrogen does not accumu- 
late in soils, give rise to a corresponding demand for 
fertilizers, mainly phosphoric acid, potash and nitrogen. 

In addition, nitrogen is an essential factor in our 
national safety, since it forms the principal constituent 
of high explosives, and therefore has a vital bearing on 
the manufacture of munitions. While in the early days 
the industrial call on nitrogen was negligible compared 
with agricultural requirements, the war, in the first 
instance, has diverted many of its products, which are 
now manufactured for normal industrial purposes. 

Nitrogen occurs in the vast natural deposits in Chile 
as sodium nitrate. At the present rate Of mining, it is 
estimated that the Chilian deposits will continue to 
yield for another hundred years. The fiscal policy of 
the Chilian Government is to keep the price at a high 
level, with a tendency to rise; but it is confidently 


expected that the inventions of the past decade in the ' 


manufacture of nitrogen compounds, and the resultant 
competition, will check this upward tendency of the 
cost of nitrogen compounds. 


* A review of progress. Reprints in pamphlet form, price 1s. each, can be 
obtained from the Secretary of the Institution. 


Great quantities of nitrogen occur in coal and peat. 
The destructive distillation of coal yields an average 
of 27 1b..of ammonium sulphate per ton of the fuel in 
gas-works, and from 70 to 90 Ib. per ton in coke-oven 
practice.. The destructive distillation of peat has not 
been attempted on a large commercial scale, on account 
of the inherent difficulties of peat winning. 

The most important products for industrial purposes 
are-the Chilian nitrates employed in the manufacture of 
nitric acid, ammonia and ammonium salts, the cyanides 
used in gold extraction, and potassium nitrate. 

Electrochemical processes do not enter to any extent 
into the production of phosphoric acid or potash, and only 
play an important part in the fixation or oxidation of 
atmospheric nitrogen. 

The growing demand for nitrogen compounds for all 
purposes has been instrumental in the development of 
processes for the fixation of nitrogen from the atmosphere. 

Thus an inexhaustible supply has been tapped, since 
nitrogen constitutes about 79 per cent, by weight, of the 
atmosphere. 

It has been estimated that a column of air over a 
square mile of ground contains 20 million tons of 
nitrogen, equivalent to about 30 times the amount of 
combined nitrogen contained in the world’s production 
of Chilian nitrate and ammonium sulphate for the year 
1913. 

The three important technical methods used in the 
fixation of nitrogen are :— 


(A) The electric arc process, in which the heat of the 
electric arc is used for the direct oxidation of 
atmospheric nitrogen and the manufacture of 
nitric acid. 

(B) The calcium cyanamide process. 

(C) The synthetic ammonia process. 


(A) THE ELECTRIC Arc Process. 


In this process, developed for the. manufacture of 
nitric oxides and nitrates, the primary products are 
oxides of nitrogen obtained by direct. combination of 
atmospheric nitrogen and oxygen at a temperature of 
about 3 000° C. in the electric ar 

Since nitric oxide decomposes rapidly at high tempe- 
ratures and becomes unstable at about 1200°C., the 
essential principle of manufacture is to pass a stream 
of air through the electric arc where oxidation occurs, 
and then to subject this product to immediate cooling. 

The arc process has been used commercially in 
Norway for over 20 years. Since thespecific energy con- 
sumption is high, viz. 73-7 kWh per kg of fixed nitrogen, 
it is obvious that Norway, with its vast resources of 
hydro-electric power, should be the home of this industry. 
As a matter of fact, it is common knowledge that the 
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arc process has only commercial justification in those 
countries where cheap electrical power is available, or 
where this process is required for other special reasons 
and conditions. 

The more important technical methods of nitrogen 
fixation by the arc process are :— 


The Birkeland-Eyde process. 
The Schónherr process. 

The Pauling process. 

The Moscicki process. 

The Island process. 

The Kilburn-Scott process. 


The | Birkeland-Eyde process.—This process has been 
developed in Norway by the Norsk Hydro-Elektrisk 
Kvelstofaktieselskab at Notodden and Rjukan, where 
:250:000. electrical h.p. has been utilized, and further 
‘extensions up to 500 000 electrical h.p. are under con- 


sideration. Furnaces are built in sizes of 2 000-3 000 . 
and 4000 kW capacity; 2000 kW is considered the © 


smallest economical size. The power factor of the 
‘furnaces varies from 0-6 to 0-7. 

Its construction is briefly as follows :— 

Water-cooled copper electrodes, arranged horizontally 


in the centre of the furnace, are e kept about $ in. apart 


at the points. 

The arc is drawn out to a circular flame by means of 
electromagnets placed at right angles to the arc. The 
diameter of this flame disc is about 7 ft. for 4 000-kW 
furnaces with 5 000 volts applied pressure. 


The furnace proper consists of a hollow brickwork 
Radial 


column in which the circular flame plays. 
channels along the brick column admit the air to the 
arc chamber just described. 

The air chamber is formed by a cylindrical steel 

casing arranged concentrically around the brick column. 
‘Air is drawn in at the bottom of the air chamber and 
passes through the radial channels to the arc chamber, 
where the nitric oxide is formed. 
- The mixture of nitric oxide and air is drawn at a 
temperature of 1 200°.C. from the bottom of the arc 
chamber; it contains about 14 per cent nitrogen oxides. 
Approximately 2 cubic metres of air are supplied per 
kWh. 

The mixture is cooled down to 200°C. during its 
passage through boilers and economizers; from here it 
passes through special aluminium coolers, where all the 
sensible heat is extracted, and is then sent through 
‘oxidation chambers where all the nitric oxides, or the 
greater proportion, is changed into nitrogen peroxide. 
‘The gases then enter. the absorption towers where, in 
close contact with water, nitric acid is formed. 

The solution contains 30 per cent by weight of nitric 
‘acid and, by evaporation, can be further concentrated 
to 50 per cent. The heat from the furnace gases is 
¡used for this operation. 

‘Concentration to 96 per cent strength is usually 
‘obtained by the distillation of a mixture of nitric and 
dilute sulphuric acid. The plant for this operation is 
costly, and in many cases the dilute nitric acid obtained 
from the towers is immediately applied to the manu- 
facture of ammonium and calcium nitrates. 

. The volume of air required for the recovery of one 


metric ton of nitric acid (calculated as 100 per cent) is 
1000 000 cub. ft.; this figure makes it abundantly 


clear that furnaces and absorption towers must be 


large and costly for commercial operations. 
Considered electrothermally, the arc process is not 


' efficient; of the energy supplied, only 3 to 4 per cent is 


actually engaged in the formation of nitric oxides, 
about 6 to 7 per cent is lost in radiation and convection, 
and 90 per cent is returned as sensible heat in the gases 
from the furnace. This heat is partially recovered in the 
boilers and economizers, and it is estimated that 
0-8 kg of steam of 632 kg-cals. is reclaimed per kWh 
supplied to the furnaces. 

When determining yields from these processes it 
should be borne in mind that, in addition to the 
primary products of dilute and concentrated nitric 
acid, nitrates and nitrites are also procured. Figures 
of yield should therefore include all the products 
expressed in terms of 100 per cent nitric acid, or com- 
bined nitrogen. 

The Nitrogen Products Committee state that the 
most authoritative figures for output, based on the 
combined nitrogen actually recovered and sold, are 
equivalent’ to 515 kg per kW-year of 8500 hours 
measured at the switchboard. Allowing a loss of 
5 per cent between the switchboard and the furnace 
terminals, the output would amount to 542 kg per 
kW-year; allowing for a 100 per cent load factor on the 
plant, yields of 530 kg, 558 kg, and even 620 kg of 
HNO; with carefully worked plants may be obtained. 

The corresponding energy consumption in kW-years 
measured at the switchboard is given in Table 1. 


TABLE 1. 


Energy Consumption per Metric Ton, 
in RW-Years. 


HNO», calculated as | Nitrogen, fixed as HNOs 


100 per cent 


1-942 8-738 
1:887 8-49 


| The Schönherr process.—YThe Schönherr furnace is 
being replaced, particularly in Norway, by the Birkeland- 
Eyde. The electrodes are mounted vertically in the fur- 
nace, the top electrode being water-cooled. Therecovery 
treatment is much the same as in the previous process. 

The Pauling process—Horn-shaped aluminium alloy 
electrodes are used in this furnace, hollowed for the 
purpose of water-cooling. 

The pressure applied is about 4000 to 5000 volts, 
and the power factor, including the reactances, is about 
0-6. The yields from the early furnaces were unsatis- 
factory, adverse catalytic effects being. introduced by 
steel electrodes. This trouble was removed by the 
substitution of aluminium-alloy electrodes. 

According to the Nitrogen Products Committee, the 
power requirements amount to 1-52 kW-years per 
metric ton of HNOg (calculated as 100 per cent), or 
6-85 kW-years per metric ton of combined nitrogen. 
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The Pauling process is largely used in Italy. 


The Moscicki process—This is much employed in 


Switzerland. Concentric vertical electrodes are used, 
and the flame arc is. caused to rotate in the inter- 
electrode space by means of a strong d.c. field. 

The power requirements of the furnace are given as 
2-28 kW-years per metric ton of HNO, (calculated as 
100 per cent), or 10-27 kW-years per metric ton of 
combined nitrogen. 

The Island process.—This furnace, developed by Dr. 
Island, in Canada, has central electrodes rotating inside 
a fixed annular electrode. 

So far the process has not been carried beyond the 
experimental stage. Tests-on a 50-kW furnace’ have 
shown a yield of 100 grammes of HNO per kWh. 
Great simplicity: of auxiliary plant, intimate contact 
between arc and air, and immediate cooling of the gases, 
are claimed as particular advantages. 

The Ktlburn-Scott process —This is a 3-phase furnace; 
and the claims'-of higher yields than those obtained 
from single-phase furnaces have not been substantiated. 


(B) THE CaLcium CYANAMIDE PROCESS. 


In this process the fixation of nitrogen is effected in 
the formation of calcium cyanamide by the absorption 
of nitrogen in finely divided calcium carbide at tem- 
peratures of about 1 000° C 

The reaction is exothermic and reversible; hence, 
when the reaction, i.e. the absorption of the mide 
has Once commenced, no further heat is needed; 
fact, a rise in temperature must be avoided, Aeris 
a decomposition into carbide and free nitrogen may 
result. 

Calcium cyanamide is chiefly used as fertilizer; for 
industrial purposes it is generally converted into 
ammonia by treatment with steam. 

Two distinct processes are involved in the manu- 
facture of cyanamide:— ? 


(a) The production of calcium carbide. 
(b) The conversion of carbide into cyanamide. 


(a) Calcium carbide manufactuve.—Calcium carbide is 


obtained by heating lime and coke in the electric 


furnace. The equation representing the action is 
CaO + 3C = CaC, + CO. 

This part of the process is the most costly, and the 
one in which most of the electric power is consumed; 
still, the total electrical energy involved in the whole of 
the cyanamide method is only about 25 per cent of 
that of the arc process. 

This accounts for its popularity and rapid develop- 
ment in countries where cheap electric power is not 
available. 
` Two types of furnaces have: been developed for the 
manufacture of carbide—the block type and the tap 
type. Modern practice ‘favours the latter, in which the 
molten carbide is tapped periodically, ensuring continuity 
of operation. ' | 

The furnace is a sheet-iron tank or crucible and has 
firebrick sides lined with carbon at the bottom, into 
which the mixture of coke and lime is charged. 

: This charge is fused by the electric arc, and the 
carbide that is formed drops in a-molten condition ‘to 
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the bottom of the furnace, from where it is. PER 
removed. 


Carbon, or artificial carbide, is used as electrode 


| material. The consumption of carbon electrodes with 


high-quality coke is 0- "025 metric ton per metric ton of — 
carbide produced. | 

The power ima “using pure materials, is 
0-5 kW-year of 8 450 hours per metric ton of carbide. 

(b) Conversion of carbide into cyanamide.—Cyanamide 
is formed by direct combination of nitrogen with 
finely distributed carbide according to the simple 
reaction 

CaC, J N, = CaNCN TC. 


This reaction is started by preliminary heating, 
which may be applied externally, but is more generally 
effected electrically, either by an arc: discharge or by 
electric heaters in the furnace. The electric méthod is 
more suitable in controlling an exothermic reaction 
where excessive temperature must be avoided. 

The manufacturing’ process of cyanamide’ may” be 
continuous or discontinuous. 

The :latter, the Frank-Caros process, is used at 
Odda (Norway). The carbide is packed, around carbon 
rods, into special heat-insúlated containers, which ' ate 
charged into the furnace. .The carbon rods serve as 
electric heater elements. After the reaction has been 
properly established, the current is switched off, but 
nitrogen gas is passed until absorption ceases. ` 

The quantity of carbide used to produce cyanamide 
containing 20 per cent combined nitrogen is 0-8 metric 
ton to 1 ton of cyanamide manufactured. 

The overall power consumption in 'the' carbide ard 
conversion stages is taken as 2-3 kW-years of 8 450 hours 
per metric ton of fixed nitrogen, or 0-46 kW-year per 
metric ton of cyanamide. 

In the continuous (the Carlson) process; high vertical 
furnaces fitted with shelves or stories are employed. 
The carbide is charged into. the furnace at the top and 
is conveyed downwards by mechanical rakes; the 
nitrogen is sent in the opposite direction. The heat is 
supplied by an electric arc. The quantity of carbide 
necessary to produce one metric ton of cyanamide con- 
taining 20 per cent fixed nitrogen is 0-725 metric ton; 


_ and the overall power consumption for all stages is 


1-97 kW-years (8.400 hours) per metric ton of fixed 
nitrogen, or 0:394 kW-year per metric ton of cyanamide. 

The manufacture of the nitrogen required will be 
discussed later in connection with the synthetic 
ammonia process. 

Only 20 per cent of all the combined nitrogen is 
obtained by the cyanamide process. An increased 
output from this source is not expected, owing to the 
rapid development of the synthetic ammonia process , 
and the waning popularity of the cyanamide fertilizer. 
The other conversion products of cyanamide, such as 
ammonia and urea, are gained more cheaply by other 
methods. 


(C) THE SYNTHETIC AMMONIA PROCESS. 
` Three important methods fall under this neaene: — 
(a) The Haber-Bosch process. o 
_ (b) The Casale process. > a. ee 
(c) The Claude process. Le ee 
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Many workers have investigated the manufacture of 
ammonia by direct combination of hydrogen and 
nitrogen. 

The reaction can be expressed in very simple terms as 
_ follows :— 
3H, + Na, = 2N Hg. 


Chatelier was the first to point out the importance 
of pressure in this reaction; but it was not until Haber, 
von Oordt and Nernst studied the conditions of equili- 


TABLE 2. 


Percentage of Ammonia in Mixture at 


Tempera- 
ture 1000 
1 atm. 30 atm. | 100 atm. | 200 atm. | 700 atm. St 
°C. 
200 115-3 67-6 | 80-6 | 85-8 — — 
300 | 2-18 31-8 | 52-1 62:8 — — 
400 | 0-44 10-7 | 25-1 | 36-3 — — 
500 | 0-13 3-63 | 10-4 17-6 | 37-0 | 44:0 
600 | 0-049 1-43 | 4:47 | 8:25| — | 31-0 
750 | 0-02 — — — — | 18-0 
1000 | 0-0044 | 0-13 | 0-44 | 0-87 | 9-0 | 13-0 


brium that any real progress was made in its industrial 
application. 

Equilibrium conditions in ammonia synthesis, accord- 
ing to Haber, are.given in Table 2. 

It will be observed that the rate of reaction is small 
at the lower temperatures, and that it can be materially 
Since the reaction 


improved by an increase of pressure. 


1200 000 


1 000 000 


Nitrogen, in metric tons 


16 


Although there is no fundamental reason why the 
hydrogen gas required for the process should be 
generated by any particular method, Haber produces 
hydrogen from water gas, Claude uses coke-oven gases, 
and Casale uses electrolytic hydrogen. Where cheap 
hydrogen is available, as from electrolytic soda plants, 
it is used for the reaction 


N + Hz = NHs. 


Nitrogen is usually obtained by the distillation of 
liquid air, since the boiling point of liquid nitrogen lies 
about 13 deg. C. lower than that of liquid oxygen. 

The synthetic ammonia processes, considered as a 
whole, consist mainly of the manufacture, compression, 
heating and circulation of large volumes of gas. Theo- 
retically, a metric ton of ammonia requires about 
70 000 cub. ft. of hydrogen and 23500 cub. ft. of 
nitrogen at normal temperature and pressure. Electrical 
energy plays no direct part in these processes, but it 
has been considered necessary to include them in view 
of their great industrial importance, and the possible 
favourable influence they may exert on industries engaged 
in the generation of electrolytic hydrogen and oxygen. 

- The total power requirement for the manufacture of 
one metric ton of ammonia, including the liberation and 
compression of the gases, is 3010 kWh, equivalent to 
0-42 kW-year (8 500 hours) per metric ton of combined 
nitrogen in the form of ammonia. 

(a) The Haber-Bosch process.—Here the synthesis of | 
ammonia is effected by passing and re-passing a suit- 
able mixture of the gases at a pressure of 100 to 200 
atmospheres over a catalyst heated to about 550° C. 

The Haber process is by far the most important in 
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Fic. 1.—The world’s production of inorganic nitrogen.* 


is reversible, decomposition occurs at high temperatures, 
and the ammonia formed diminishes with rising tempe- 
‘ratures. It was also found that the ammonia contents 
assumed commercial proportions in the presence of a 
suitable catalyst. 

The technical difficulties which had to be solved were 
the design of commercial plants operating at tempera- 
tures of 500-700° C. and at pressures of 200 to 1 000 
atmospheres. Further, a suitable catalyst had to be 
devised. | 


. M., BRAHAM: 


è See Transactions of the American Electrochemical Society, 
1925, vol, 48, p. 205. 


the production of synthetic ammonia, as well as in the 
commercial application of the method involving the 
separation of hydrogen from water gas. The Haber 
process was developed in Germany. 

(b) The Casale process.—The pressure used in the 
Casale plant is about 600 to 700 atmospheres, resulting 
in a larger yield than from the Haber process. 

Electrolytic hydrogen, which presents many advan- 
tages on account of its high degree of purity, is used. It 
is estimated that the total energy consump tion for the 
liberation of the electrolytic hydrogen is 20 000 kWh 
per metric ton of combined nitrogen. 
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- Only about 3 per cent of the hydrogen needed in the 
synthesis of ammonia is manufactured by electrolysis of 
water. There appears to be, however, a considerable 
future for this recent electrochemical industry and the 
development of the electrolytic hydrogen-oxygen cell, 
particularly if the gases can be manufactured with 
“ off-peak ” power. Italy is the home. of the Casale 
process. — 

(c) The Claude process.—The Claude process is chiefly 
worked in France, and employs pressures and tempera- 
tures of 1000 atmospheres and 500°C. respectively. 
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The low power consumption of the Haber enables it 
to be worked from steam plant, this being largely the 
reason for the erection of the large Billingham plant, in 
which the Government has invested £2 000 000. It is 
probable that the Haber process will displace all other 
processes of nitrogen fixation, and even at Notodden 
(Norway) a large Haber plant is in course of erection. 

Fig. 1 shows the increasing importance of the nitrogen- 
fixation industry and its relation to the other two 
principal spurces of inorganic nitrogen, namely, Chilian 
nitrate and by-product nitrate. 


TABLE 3. 


Comparison of Nitrogen Fixation Processes.* 


Process Raw materials dota Catalyst Pressure Temp. O ES 
1b./sq. in. °C. 

Air (Ng, Oj) None 15 2 500-3 500 10-12 

H,O HNOg 
a Na,COg NaNO, 

CaCOg Ca(NOg3)o 

Air (Ng) | 
Cyanamide CaCO, CaNCN CaF, 15 800-1100 | 2-5-3 

Coke CaCl, 

Air (Ng) Iron and others | 2000-3 000 500-700 0:5-0°8 

Coke or coal 
Ammonia (Haber) a. (Ho) 

CaSO,, 2H,0 } (NH4)250, 

20 NH¿OH 

Air (N3) NHg Iron and others | 10 000-12 000 500-700 3-4 
Ammonia (Casale) .. <| HO (H3) O, l 

H,SO, (NH¿)2504 

Air (N3) NH3 Iron and others | 14 000-15 000 500-700 0-6-1-0 
Ammonia (Claude) .. <| Coal (H,) 

H,SO, (NH¿)25804 

Air (No) 15 800-1 150 (low) 
Cyanide Soda ash NaCN Iron 

Carbon NaF 


* Dominion of Canada National Research Council : Bulletin No. 12, “ Nitrogen in Industry.” 


Here several formation chambers are arranged in series 
and liquid ammonia is obtained as a direct product in a 
single passage, having 25 per cent ammonia concentra- 
tion. In the older plants liquefaction of coke-oven 
gases provided the hydrogen. This has been replaced 
by the water-gas method, but with the new plants at 
Lazote it is intended to use “ off-peak ” power for the 
generation of electrolytic hydrogen. 

Table 3 is due to the National Research Council of 
Canada, and in its preparation it has been assumed that 
the Haber, Claude and Casale processes use water gas, 
coke-oven gas and electrolytic hydrogen respectively. 

The approximate power consumption per kg of fixed 
nitrogen is as follows:— _ 


: 
t 


i 


Arc process 65 kWh 
Cyanamide process 16-5 kWh 
Haber process .. 1-5 kWh 


(2) ELECTRIC SMELTING IN THE METALLURGY OF IRON 
AND STEEL. 


When considering the reduction of iron ores, that is, 
the manufacture of pig iron, and the manufacture of 
steel, it must be remembered that the modern blast 
furnace possesses high thermal efficiencies, particularly 
if preheated air be used in the blast and if the calorific 
value of the issuing gases be used for steam generation, 
or in gas engines. 

It is, therefore, reasonable to inquire on what grounds 
electrothermal methods, of much disputed economy, 
can be admitted into an organization of such well 
established efficiency and standing. 

There are chiefly two reasons. In many localities 
the primary production of iron and steel is much 
handicapped by the fact that workable deposits of ore 
and coal are not in juxtaposition and the iron and steel 
industries have developed in such districts where coke 
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and ore can be procured cheaply and readily. Thus, 
the opportunity of the electric furnace lies chiefly in 
countries rich in ore, with scarcity of coal and coke, 
but having an abundant supply of cheap electric power. 
Therefore, the electric furnace has experienced con- 
siderable development i in Norway, Italy, California, and 
more recently in Canada. 

Allmand * and Bibby f have voked out comparative 
figures, on. definite assumptions, for both. systems, 
irrespective of metallurgical advantages and disad- 
vantages of the plant involved. 


Allmand finds that the electric furnace is just able to 


compete with the blast furnace when 1 920 kWh are 
lower in price than 0-7 ton of coke; according to Bibby 


the two systems will be commercially comparable when- 
1 h.p.-year can be obtained at the cost of 2-3 tons of coke. 


- The second reason, and probably the more important 
one, is the high quality of the pig-iron and of the steel 
and steel alloys which result from the electric furnace. 

Electric pig-iron contains fewer impurities than the 
ordinary pig-iron, owing to the limited amount of coke 
needed. The amount of coke in the electric furnace is 
fixed entirely by the chemical requirements of reduc- 
tion; the electric arc is mainly heat-producing in its 
action. A further advantage is exact and easy tempe: 
rature control. 

Yet the general commercial success of electrothermal 
smelting must largely depend on the price at which 
electric power can be secured relative to the cost of fuel. 


THE ELECTROMETALLURGY OF IRON. 


In the blast furnace iron oxide is mixéd with coke 
and limestone; air is blown into the burning coke, 
generating the heat necessary for the chemical reactions. 
The coke is in excess of the amount needed for heat 
production, resulting in an incomplete oxidation of the 
coke. The gases of incomplete combustion combine 
with the oxygen of the ore and with the coke impurities, 
and the limestone flux forms the slag with the impurities 


in the ore and in the coke, producing molten metallic | 


iron; the slag contains the other reduced impurities. 

The blast furnace is entirely reducing in its per- 
formance and can produce pig-iron only. This metal- 
lurgical process can be repeated in the electric furnace. 

Here the heat is generated in the electric arc and the 
joule effect of the electric current in the resistance 
between the electrodes. 

: Many types of electric furnace have been designed 
for the reduction of iron ores; it is impossible to give 
more than a rough sketch of their construction. 

The Stassano furnace was one of the earliest electric 
furnaces, being brought out in Italy in 1898; it was 
designed to smelt hematite and magnetite with high 
percentages of sulphur and phosphorus, producing 
high-grade iron in one operation. This expectation, 
however, was not fulfilled. 

The Keller furnace.—This furnace started operation in 
France in 1901. It-has two vertical shafts connected 
by a horizontal hearth chamber. The charges, as well 
as the carbon electrodes, are admitted through the 
shafts. 


* A. J. ALLMAND and H. J. T. ELLINGHAM: “ Applied Electro- Chemistry.” a 
` t Journal T.E.E., 1919, vol. 57 (Supp.), p. 231. 


t 


The' heat formation takes place in the arc 


which sets up between the electrodes and by the joule 
effect of the current in the resistance of the charge. 

By suitable variations of the charges Keller was able 
to produce pig-iron of various grades, some of which 
are also known to modern practice as “‘ synthetic cast 
iron.” Its average energy consumption is 2300 kWh 
per ton of iron, using 17 kg of carbon electrodes and 
310 kg of coke. 

The Tinfos or Lorentzeen furnace—This is a long 


| rectangular furnace with three upper, vertical electrodes 


of the same polarity. The electrode: of the other 
polarity is formed by the hearth, being buried in the 
bottom of the furnace and covered by a layer of 
rammed carbon. This type is known as the buried- 
hearth-electrode furnace. 

- To produce-one ton of. pig-iron, 3000 kWh, 370 kg 
of coke and 12 kg of electrode are required. The 
furnace is worked at Nottoden (Norway). 

The Hévoult “furnacé—Here oné ‘vertical carbon 
electrode is used, the other being a hearth electrode 
arranged as a carbon baseplate, which is continued as 
a liner to the level of the slag. The charge is fed in 


‘round the vertical electrode. 


According to Dr. Haanal’s tests made on the Héroult 
furnaces at Sault St. Marie, the following energy con- 
sumptions in kWh per ton of pig-iron were recorded :— 


Hematite 1800 kWh 

Magnetite 1900 kWh 

Pyrrhotite 2 570 kWh 

Titaniferrous } 3500 kWh 
iron ore. 


using 500 kg of low-grade charcoal and 15 kg of 
electrode. 

Electrometals furnace.—The construction and reactions 
in this type have been fully dealt with by Bibby * in a 


. paper before the Institution. 


_It closely resembles the blast furnace in design. The 
charge is melted down by the electric heat generated 
due to the joule effect between the current and the 
resistance of the charge between two electrodes, which 
project through the roof of the crucible. The electrodes 
are embedded in the charge. Such furnaces are known 
as resistance furnaces. AIR A A 


(3) THE ELECTROMETALLURGY OF STEEL. 


The initial development of steel manufacture was 
undertaken with a view to compete with, and to 
replace, crucible steels, an attempt which has been 
crowned with considerable success. 

In the crucible process the materials used are of high- 
grade quality, and the process is, in the main, that of 
melting down; no oxidation takes place. Carbon is added 
in definite amounts to produce the quality required. The 
method is also used for the manufacture of alloy steels. 

The crucible method is limited to the making of the 
highest-grade steels, and the conversion of already 
highly refined iron. 

The good results obtained with the electric furnace 
in the realm of high-grade steels have encouraged 
attempts to replace the open-hearth or convertor 
furnace. They may also function in a supplementary 
capacity to these fuel-heated furnaces. 

* Loc. cit. 
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Hence, in some cases the electrothermal has displaced 
the pyrometallurgical method ‘in steel manufacture; in 
others a combination of the two has been adopted, 
when the open hearth is used as a preliminary for the 
removal of carbon and phosphorus, slag of iron oxides 
being employed. The steel is then, transferred to the 
electric furnace for further purification and the adjust- 
ment of carbon in the steel. 

The adoption of one or the other i is largely a question 
of the availability of cheap electric power, or coke in 
proximity to the ore deposits. 

It may be stated, in broad outline, that the manu- 


facture of steel consists essentially in oxidation. and.. 


reduction. The latter is accomplished by removing the 
oxygen from, the substance of the charge, and adding 
materials which will combine with the oxygen. If, for 
example, the;steel contains iron oxide, silicon is added 
leaves the metal free. Thus, we have silicon oxidation 
and reduction of the iron oxide. Other fluxes are also 
added for the formation of slag. _ 

The blast furnace is reducing in its action, manu- 
facturing: pig-iron only. The Bessemer and open- 
hearth processes can produce, commercially, steels of a 


limited degree of refinement; the crucible process is 


essentially a melting, and not a refining, one. 

In the electric furnace the heat produced | is inde- 
pendent of the nature of the charge, and in such a 
furnace; having naturally an almost neutral atmosphere, 
the metal bath can be made oxidizing, reducing, or 
neutral, according to the additions which may be made. 
Further, the temperature in the electric furnace is 
capable of adjustment within any desired practical 
limits. These are the distinct advantages offered by 
the electrothermal method to the manufacture of steel. 

The chief impurities which have to be removed in 
the refining ‘of steel are phosphorus, sulphur and 
silicon contained in the pig-iron, the raw material. 
-There is also an excess of carbon. 

The refining process is accomplished in two phases. 
In the first, oxidizing conditions are produced, for 
which purpose iron oxides are added to the charge. 
The carbon oxidizes to CO, the phosphorus to P,O;, 
the silicon to SiO,, and the manganese to MnO, all of 
which enter the slag.. This slag is removed, and the 
second phase commences with the charge of the second 
slag, containing an excess of lime for the removal of the 
sulphur and possible remains of P,O;. Carbon in the 
form of ground coke is added. Strongly reducing 
conditions prevail in this phase, and all iron oxides, 
together with any manganese and nickel oxides, are 
reduced to their respective metals. With an excess of 
lime the sulphur is removed as CaS in the slag. Lastly, 


the metal so obtained can be recarbonized to steel of : 


the required quality. 
_ The furnaces employed in steel refining and melting 
processes may be classified as follows :— 


Indirect-arc furnaces. 

Direct arc furnaces (series arc). 

Direct arc furnaces (free-hearth electrode). — 

Direct arc furnaces (buried-hearth electrode). 
- Induction furnaces. 


-- 


responsible for the melting of -the charge.- 


THE INDUCTION FURNACE. > 


Of the induction furnaces, low-frequency type; the 
Kjellin and the Róchling-Rodenhauser are most mien 
known. 

The induction furnace, simply described, is a Gans 
former with short-circuited secondary. This secondary 
is a flat, circular trough of refractory material holding _ 
the molten steel. Allowing for core losses, and heat 
losses in the primary winding, the input into the primary 
appears as heat energy in the secondary due to the 
joule effect of the current induced there, and is 
The power 
factor of induction furnaces is lower than that of the 
arc. In the latter, the power factor depends on the 
reactances in circuit, and the apparent power factor of 
the arc itself, which varies from 0-7 to unity, according 
to the nature of the electrodes. The apparent resistance 
of the arc alters with the current, being high for low 
currents. Hence, the arc-voltage curve. is distorted, 
with high peaks at the commencement-and end of each 
half-wave. Since the current retains a sinusoidal 
character, a lagging power factor results without any 
phase displacement. 

With the induction furnace the power factor depends 
to a great extent on the considerable magnetic leakage 
between the primary and secondary windings, and is 
due to the big air-gaps which must be allowed between 
them for insulation and cooling purposes. Further, with 
increasing furnace capacities the relative value of ohmic 
resistance becomes much smaller than: that of the 
leakage reactances, with -correspondingly reduced 
power factors. To overcome this difficulty the Kjellin 
large-capacity furnaces are worked at low fre- 
quencies of about 5 cycles per sec., and the smaller 
furnaces at 15 cycles. The obvious disadvantage 
is special generating plant, or frequency-changing 
intermediaries. | | 

The Róchling-Rodenhauser furnace has been developed 
with a view to eliminate this objection; it is also known 
as a composite, or combined induction-resistance, 
furnace. The transformer limbs are surrounded by 
melting troughs which join in a large central reservoir 
or hearth between the cores. . These carry the primary 
winding and an auxiliary secondary winding of a few 
turns of heavy copper strip; the two windings are 
separated by a very small air-gap. Pole-plates . of 
corrugated cast steel are arranged at opposite sides of the 
central hearth. A thin layer of calcined dolomite 
covers both hearth and pole-plates. This layer becomes 
conducting at high temperatures, and £ current flows 
between the pole-plates through the metal of the central 
hearth. The heating due to this current, obtained 
from the auxiliary secondary, maintains a high bath 
temperature. The cumulative effect is an improve- 
ment of the power factor, in that the magnetic leakage 
is reduced and the relative values of ohmic drop due to 
the pole-plate currents are larger ‘than those of ‘the 
reactive drop. A 2-ton Kjellin furnace working at 
15 cycles per sec. has a power factor of 0-6, while a 
3-ton Rodenhauser furnace, working at 25 cycles Pst set., 
has a power factor of 0-75. 

Owing to the electrodynamic action between the 
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secondary currents and the magnetic fields, specially 
favourable conditions of circulation and mixing of the 
molten metal prevail. 

The application of induction furnaces to the electro- 
thermal production of steel is limited, and its develop- 
ment has almost ceased, as better metallurgical condi- 
tions for steel refining can be secured with arc furnaces. 

Induction heating in the metallurgy of steel is 
restricted to crucible methods, but has assumed great 


type of furnace, and those used are similar to the types 
employed in the smelting of iron ore. 

The more important ferro-alloys manufactured electro- 
thermally are:— 

Ferro-silicon, used as a de-oxidizing agent in steel 
refining, in the making of steel castings, for the pro- 
duction of the high-silicon steel laminations used in 
electrical engineering. It is made in several grades 
containing from 25 to 75 per cent of silicon. 


TABLE 4. 
- Electrode 
Furnace Capacity Power input Power pel A Arial ‘or f jo bras 
graphite (G) 
St 1-0 200 | 200 | 800-100 ,.. 
i assano : -1 
pe a { Stassano 5-0 750 150 700-900 IO) di 
Rennerfelt .. 3:0 900 300 670 - 2-3 (G) 0-9 
Héroult 1-0 250 250 1 000 14-17 (C) 0-85 
Direct Héroult 5-0 700 140 700 6 (G) } 
arc Webb 3:0 600 200 600. 2-3 (Gy — 
Fiat 5:0 1 400 280 650-700 3 (G) 0-9(?) 
Girod 2:0 300 150 800-1 000| 8-14 (C) 0-8 to0-9 
Direct Snyder 1-5 400 270 700 (?)| 3-4 (G) 0-9 (2) 
arc Greaves-Etchells 1-5 470 310 850 6(G 0-9 
(hearth Greaves-Etchells 5:0 1 200 240 750 } (G) } 
electrode) | Electro-metals 3-0 630 210 850 
Electro-metals 5-0 | 1000 | 200 750 A pe eee 
Mixed Booth-Hall 4-5 1 000-1 100| 240 | 500-550 8-9 (C) 0-9 (?) 
type Tagliaferri .. 1-0 300 300 850 5 (G) — 
Nathusius .. 7 5-0 630 125 640-700 4 (C) — 
Induction { G.E. Co. (U.S.A.) .. 2:0 250 125 750 Nil — 
type (low ‘< Kjellin a T 2-0 170 85 750-850 Nil 0-6 
frequency) | Róchling-Rodenhauser 2-0 200 (?) | 100 (?) 900 Nil 0-7 to00-8 


importance during the last decade in the melting of 
non-ferrous metals. | 

A comparative table of power and electrode con- 
sumption has been given by Allmand and Ellingham, 
and is reproduced as Table 4 for the convenience of 
the reader, figures for power factors having been added 
by the present author. They refer to cold charges 
only. 

FERRO-ALLOYS. 


The ferro-@lloy industry is one of considerable 
importance. Although the production of such metals 
constitutes one of the earliest applications of electro- 
thermal methods, it is only during the past 10 years 
that appreciable progress can be recorded. This 
development is a result of the greater demand, at good 
prices, for alloy steels, which are now essential in the 
manufacture of high-speed tools and armour plating, 
and for many other purposes. 

The steel alloys contain, apart from carbon, other 
metal constituents to which they owe their favourable 
mechanical characteristics. 

The manufacture of ferro-alloys requires no special 


Silico-manganese-iron, employed in the making of 
steel castings; the main constituents vary within wide 
limits, as follows :— 


Mn i .. 20 to 70 per cent 
Fe ote .. 9 to 30 per cent 
Si zs .. 10 to 50 per cent 


Fervo-chromium, largely used in the making of the 
hard chrome steels for armour plating, gears, high- 
speed tools and shell casings. It contains 65 to 70 per 
cent of chromium and 5 to 8 per cent of carbon, and 
the remainder is iron. 

Ferro-tungsten, required in the manufacture of extra- 
hard steels for high-speed tool machinery. The standard 
alloy contains 70 to 85 per cent of tungsten and up to 
0-6 per cent of carbon; the rest is iron, together with 
traces of mangarlese. 

Ferro-vanadium.—Vanadium added in quantities of 
0-1 to 0:5 per cent imparts to the steel the property of 
withstanding mechanical shock and vibration, which 
makes this alloy eminently suitable for axles, springs, 
connecting-rods and similar moving parts of machinery. 
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(4) Non-FERROUS METALS. 


Electrothermal methods are applicable to the metal- 
lurgy of smelting, and melting or refining of non-ferrous 
metals. 


THE SMELTING OF NON-FERROUS METALS. 


It may at once be stated that, in this province, 
technical and commercial success can be recorded for 
zinc only, and that electrothermal processes for the 
recovery of other non-ferrous metals have scarcely 
emerged from their experimental stages in the laboratory. 

Zinc.—The recovery of zinc from its ores in the 


its large energy consumption and the difficulty of 
preventing the zinc from condensing in the form of 
zinc dust, the “ blue powder,” instead of the liquid 
metal in the condenser. This phenomenon is common 
to both but more pronounced with the electrical processes. 

This tendency of zinc to condense as a grey powder, 
the so-called “‘ blue-powder,’’ may be attributed to two 
main causes :— | 

A too rapid cooling in the condenser to, say, a tem- 
perature of 400° C. (melting point of zinc 419° C.), may 
under-cool the zinc globules and prevent them from 
coalescing, resulting in a finely distributed zinc dust. 
This “ blue powder ” oxidizes readily and can only 


TABLE 5. 
Power 
Process Charge °’ Size of furnace consumption per Zinc recovery Remarks 
ton of zinc 
kW kWh per cent 
Cóte-Pierron | 30-35 per cent blende | 350-400 kW 6 300 93 
+ iron, 
Cóte-Pierron | 30-40 per cent blende 500 hcp. 7 000 91-94 20 to-30 per cent of power used 
+ iron + lime + in redistillation © 
carbon 
Trollhättan | 36 per cent roasted ore 350 h.p. 9 000 64 (as com- | Much lead recovered. Nearly 
(1911) (also with 20 per cent pact metal) 30 per cent of power used in 
Pb) + coke redistillation 
Trollhattan | 30 per cent roasted ore | 1000 kW 10 000 (?) 
(1921) ' +- carbon 
Trollhattan | 36 per cent roasted ore | 1000 kW 4-000 (?) 
(1921) + carbon 
de Laval | 36 per cent roasted ore (2) 10 000 95 Much lead recovered, but another 
(also with 20 per cent treatment of zinc probably 
Pb) + coke necessary 
Nathusius | 50 per cent roasted ore (2) say 2 000 high Charge preheated to 900°C. in 
+ carbon (estimated) fuel-fired furnace 
Horrem . | 70 per cent roasted ore | 500-600 kW | 10000 as a 75-77 Charge preheated to dull red heat 
+ coke | maximum in oil-fired furnace 
Fulton 40-45 per cent roasted 150 kW 3 300 high Charge preheated to 500* C. 
ore + coke 


* The numbers in this column give the percentage of zinc in the ore. 


electric furnace promises well for the future, since con- 
siderable difficulties are experienced in ordinary fuel- 
heated furnaces. Here the thermal efficiencies are low, 
and about 2} to 34 tons are needed per ton of ore 
treated. Since a very high temperature (1 100° C.) must 
be attained for the complete distillation of the zinc, 
small retorts holding only 20 to 40 kg of the charge can 
be employed; their useful life is necessarily short, the 
resultant infusible slag is difficult to remove, and the pro- 
cess is not continuous. For the electric furnace the 
following adventages have been claimed and in most 
cases have been substantiated by experience. Due 
to internal heating, higher efficiencies are obtainable; 
the operations can be made continuous; it is cheaper to 
operate, saving both in labour and material; and in 
some electrothermal processes pre-treatment (roasting) of 
the sulphide ores is not necessary. l 

The disadvantages attending the electric furnace are 


with difficulty and considerable loss be melted to the 
liquid metal. 

The other, and probably the more important, factor 
is the re-oxidation of the metal in the condenser. The 
reactions of the zinc oxide in the electric furnace may 
take place at high temperatures as follows :— 


ZnO + C —> Zn + CO 
ZnO + CO > Zn + CO, 


At lower temperatures these reactions are reversible, 
so that 
Zn + CO, > ZnO + CO. 


Hence, if the vapours pass from the high temperatures of 
the furnace to the lower temperature obtaining in the 
condenser, the globules of the zinc vapour become 
oxidized and do not run together. 

It will also be observed that the CO, contents of the 
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vapour must be reduced to a small figure before entering 
the condenser, in order to prevent the formation of 

“ blue powder.” 

Regarding the technically successful furnaces, little 
information as to their operation is available. 

_ The types used are the smothered-arc or arc-resistance 
furnace, the indirect arc or radiation furnace, and the 
pure resistance furnace. 

Among the best-known furnaces for the purpose of 
zinc recovery are the De Lával, Snyder, Cóte-Pierron, 


Trollháttan, Nathusius, Horrem and Fulton furnaces. 


Allmand and Ellingham * have given comparative 
data for various types of zinc-recovery furnace; these are 
set out in Table 5. They state that the energy-con- 
sumption figures are in several cases estimated from 
admittedly inadequate data. 


THE MELTING oF Non-FERROUS METALS. 
The last decade has witnessed great progress in the 


| melting of metals and alloys for casting by electrical 


methods, which present many advantages over the 
fuel-fired furnace. : 

The electric furnace allows exact temperature control, 
which means a large saving in material, as the furnace 
atmosphere can be made neutral or reducing at will; 
consequently,there is no loss of metal due to oxidation. 
This temperature control also reduces losses with 
volatile metals, and makes it easier to produce and 
repeat alloys of specified composition; it is likewise of 
importance to the physical properties of many alloys, 
which depend to a large extent on their thermal treat- 
ment and pouring temperatures. There is a general 
reduction of labour and maintenance charges, accom- 
panied by rapidity of operation and increased working 
comfort of the personnel. 

The more important type of furnaces may be classified 
as follows :— | 


(1) Indirect, or radiation arc furnaces :— 
Detroit, Booth, Greaves-Watson, and Volta. 
(2) Smothered-arc furnace :— 
| G.E. Co. (U.S.A.). 
(3) Resistance furnace :— | 
Radiating resistor, Baily. 
(4) Induction furnace:— 
G.E. Co. (U.S.A.), Ajax-Wyatt. 
(5) Crucible furnace :— 
Morgan. 


Of these the Detroit, Baily and Ajax-Wyatt furnaces 
have found the widest application. 

The Ajax-Wyatt induction furnace is the best known 
of its type. The earlier induction furnaces were 
designed for melting high-resistance charges. Later, 
attempts were made to adapt the open-channel type, 
previously described, to the melting of non-ferrous 
metals. The results were unsatisfactory due to low 
power factors and the “ pinch effect.” 

The “pinch effect” was first observed by Dr. 
Hering.j It is a phenomenon often noticed with 


* Loc. cit. 
t Transactions of the American Electrochemical Society, 1907, vol. 2, p. 329. 


induction furnaces, and is caused by electrodynamic 
attraction existing between parallel conductors carrying 
currents flowing in the same direction. 

When the current passes through a liquid conductor, 
such as the metal bath of open-type induction furnaces, 


the liquid metal may be considered as consisting of a. 


multitude of flexible, parallel conductors. In these 
current is flowing in the same direction. It will be 
easily understood that a contraction of the section of 


liquid must result. If the currents are sufficiently. 


high, the force of attraction becomes strong enough to 
separate the liquid at some part of the channel and thus 
to break the secondary circuit of the furnace. 

On account of this effect a definite limit of current 
strength exists, together with a definite temperature 
limit of the bath. With the higher resistances of steel 
it is possible to adjust the current strength to such 
practical values that the necessary bath temperatures 
can be attained with a “ pinch effect ” not sufficiently 
strong to cause rupture of the secondary circuit. 

When dealing with low-resistance metals and alloys, 
the current densities for practical melting in ring 
furnaces may be so great that the “ pinch effect” 
breaks the molten secondary. 

The melting of non-ferrous metals is more favourable 
with the induction furnace than with the arc furnace. 
The melting of steel and of ferrous alloys depends, 
unless very pure materials be used, on the slag having 
higher temperatures than the molten steel. This con- 
dition is readily attained in the arc process but is 
difficult to produce with induction furnaces, as the slag 
is a poor conductor of heat. 

In the melting of volatile metals and metal alloys, 
metal losses must be avoided by the exclusion of 


excessive temperatures. Such temperature control is | 


much easier of accomplishment in the induction furnace. 

The Aj ax-Wyatt is an ingenious adaptation of Dr. 
Hering’s “pinch effect”? furnace to the induction 
principle. 

The “ pinch effect ” furnace may be described as a 
vertical cylindrical chamber topped by a wide reservoir. 
The lower part of the cylinder is closed by a solid 
electrode. , 

The temperature of the charge is raised by resistance 
heating. When molten, electrodynamic action pro- 
duces forces which act horizontally from the circum- 
ference towards the vertical axis of the column, resulting 
in pressure differences with an upward flow in the 
column centre, and a corresponding downward flow at 
the column circumference from the reservoir. A very 


_ effective mixing of the metals results. 
The current is obtained from the low-voltage 


secondary of a transformer. Two serious dis- 
advantages were encountered, namely, overheating of 
the electrodes, and the high cost of the low-tension 


transformer. 


Wyatt overcame these objections by using the 
induction heating principle. 

The Ajax-Wyatt furnace is shown in Fig. 2. As 
with the Hering furnace, a pinch effect exists in the 
narrow V-shaped channels, accompanied by a subsi- 
diary electrodynamic repulsion in the V branches, 


_ since here the currents are flowing in opposite directions. 
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Both effects result in strong circulation of the molten 
masses and an excellent mixing of the metals. The 
current in the charge is induced electromagnetically. 


Allmand and Ellingham * have collected a compara- 
tive survey of energy consumptons, which is given in 


Table 6. 


Rennerfelt 
‘Snyder ia 
Detroit el 
Booth | T 
‘Greaves-Watson 


Volta ‘ 
G.E. Co. (smothered-arc) 


Baily 


‘Ajax-Wyatt 


G.E. Co. (induction) 
Morgan crucible 


FIG. 


There are no iron cores, which makes for .compact 


designs. 
The eee Noreamp furnace consists of a crucible 
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2.—Sections of Ajax-Wyatt Furnace. 


Rated power 
input 


kVA 


100 kVA 


125 kW 


_ 300 kW 


300 kW 
225 kW 
300 kW 
-300 kW 
100 kW 
50 kVA 
100 kVA 
125 kW 
125 kW 
250 kVA 
105 kW 
105 kW 
500 kW 


1 000 kW ' 


35 kW 
60 kW 
15 KW 
30 kW 


placed inside the cylindrical primary coil. The space 
intermediate between coil and crucible generally does 
not exceed 1 in. and is filled with heat-insulating 


TABLE 6. 
l ; Power 
Capacity Nature of charge Daily output . sama a 
| ton melted 
Ib, ae | metrictons | kWh | 
800 Silver 7-8 330 
1 000 Bronze 7-10 325-375 
.2 000 Lead-bearing bronze 12-18 300-350 
2000 | Lead-bearing bronze 12-18 260-320 
:1300 | Red brass 8—9 250-275 
,2 000 Red brass 16-20 225-275 
2000 .| Yellow brass 16-20 | 200-250 
600 Yellow brass 5-6 . 300 
250 | Yellow brass "2-3 250 
600 Yellow brass | 6 225 
500 Yellow brass) : 8 225 
- 500 Aluminium bronze | 6 300 
1 500 Yellow brass 18 250-300 ` 
800-1 500 | Yellow brass 6-10 275-350 — 
800-1 500 | Red brass 6-9 325-400 ` 
8 000 Aluminium 20 500 | 
(2) Zinc 200 70-80 
- 450. | Yellow brass 3-4 240 
900 Yellow brass 6-7 180 
.1 200 Yellow brass , 9 - 200 


250 Gunmetal i 2 270 


(5) HIGH-FREQUENCY INDUCTION FURNACES. 


The most recent development in electrothermics is 
‘the use of high-frequency currents for metal melting. 
Here high-frequency currents excite the primary, and 
large eddy currents are induced in the secondary metal 
There is no need for the metal in the melting 
‘chamber to have the form of a closed ring or cylinder, : 


charge. 


material. The primary coil is water-cooled. The 
crucible walls may be very thin, ‘since the crucible 
fulfils quite a different function from the ordinary one. 
With water-cooled primary, the temperature of the 
molten metals may be raised to 2 000°C. A very steep 
| temperature gradient is obtained with this furnace. 
Thus in high-frequency heating the ideal form of 
crucible is available, namely, a thin cylindrical vessel 
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holding maximum weight of metal with a minimum of 
radiating surface and of refractory material exposed to 
corrosive action. 

The operation of the furnace is rapid. The fre- 
quencies employed vary between 400 and 20 000 cycles 
per sec. The lower periodicities refer to larger furnaces 
for melting nickel-silver and similar alloys. The pro- 
cess is being extended to the production of tungsten 
and cobalt steels, and the manufacture of steels of the 
highest quality. 

At the present moment the chief commercial applica- 
tion of the process lies in the preparation of nickel-iron 
alloys with low carbon percentages. 

The great disadvantages of the method are the neces- 
sity of providing special high-frequency generating 
machinery, and the low power factor which necessi- 
tates phase-correcting appliances. The data in Table 7, 
given by Dudley Wilcox,* for the performance of an 


In order to give some idea regarding the quantity of 
the by-product involved, the following may be of 
interest. The hydrogenation process requires from 
3 000 to 5 000 cub. ft. of hydrogen per ton of oil treated, 
and 1500 to 2500 cub. ft. of oxygen is liberated 
simultaneously. Thus for a plant dealing with about 
4 000 tons of oil weekly, between 6 to 10 million cub. ft. 
of oxygen per week is obtained as by-product and may 
have to be run to waste. 

Again, a synthetic ammonia plant in Italy uses 
electrolytic hydrogen at the rate of 14 000 cub. ft. of 
hydrogen per hour, with a corresponding production of 
7000 cub. ft. of oxygen, while a French plant uses 
70 000 cub. ft. per hour of hydrogen and 35 000 cub. ft, 
per hour of oxygen; in both cases these valuable by-pro- 
ducts are run to waste, since the plants are situated 
near hydro-electric stations and at a distance from 
industrial centres. 


TABLE 7. 
Crucible Metal Weight Rating Duration of melt Power consumed | Weight per kWh 
kg kW hour mins. kWh 

Cold Nickel-silver 288 90:1 1 49-0 163°8 1-82 
Hot Nickel-silver 288 92-1 1 18-6 121-8 2-38 
Cold Ordinary brass 288 99-0 1 4:0 105-5 2:73 
Hot Ordinary brass 288 99-5 — 430 71-3 4-05 
Hot Copper 288 100-0 1 9-9 115-0 2°52 
Cold Nickel-silver* 272 84-9 1 22:0 115:7 2°35 


* Metal at start in solid lumps. 


Ajax-Northrup furnace operation under different work- 
ing conditions and for different materials, may be of 
interest. 


(6) ELEcTROLYTIC PROCESSES. 


Electrolytic production of hydrogen and oxygen.— 
When discussing the synthesis of ammonia it was pre- 
viously pointed out that hydrogen, used in the synthesis 
of ammonia, is also obtained electrically by electrolytic 
decomposition of water into its constituents, hydrogen 
and oxygen gas. The elements thus liberated are of 
great purity, which is an important feature of the 
electrolytic process, since the gas is recovered free 
from catalyst poisons. 

Hydrogen of great purity is important in the synthesis 
of ammonia, and in the manufacture of synthetic 
butter, electric lamps and artificial precious stones; 
and it has many important functions in the heat treat- 
ment at high temperatures of metals and steels. 

This electrolytic process was initially developed for 
the generation of pure oxygen for oxy-acetylene welding, 
and other industrial purposes. At that period the 
useful disposal of the by-product hydrogen was the 
difficult problem. With the advent of oil hydrogena- 
tion and synthetic ammonia the position is changed; 
hydrogen is the chief object of manufacture, and the 
difficulty is to secure good markets for the by-product 
oxygen. 


* Elektrotechnische Zeitschrift, 1925, vol. 46, p. 225. 


The number of plants for the manufacture of pure 
electrolytic hydrogen is steadily increasing, and the dis- 
posal of the by-product oxygen will necessarily become 
an important factor in the economic aspect of water 
electrolysis. 

Of the many cells designed for the manufacture of 
hydrogen and oxygen, the Knowles cell, built by the 
International Electrolytic Plant Co., of Chester (Eng- 
land), and the Allan cell, made in America, are well 
known. 

The reactions taking place in the electrolyte may be 
very simply stated :— 


and Na + H,O = NaOH + H. 


The electrolyte is made conducting by the addition of 
caustic soda or caustic potash. During electrolysis 
OH appears at the anode and metallic sodium at the 
cathode; further interaction produces oxygen at the 
anode and hydrogen at the cathode. 

In practice an electrolyte of 15 per cent NaOH is 
used, but KOH may be substituted. With the latter 
the production per kWh is about 8 per cent higher, but 
a 25 per cent concentration is necessary to secure the 
correct conductivity. 

Caustic potash is more costly, therefore NaOH is used 
in slightly larger cells of greater efficiency. 

The Knowles batteries are made up in units, 
each unit consisting of 14 bell cells. The box- 
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shaped bells form the gas-collecting chambers, which 
are suspended inverted in the cells and in which 
the electrodes are suitably held. The electrodes are 
separated by asbestos-cloth diaphragms. One set of 
the electrodes is anode-connected, and their bells collect 
the oxygen; the other is cathode-connected with hydro- 
gen-collecting bells. 

The off-take pipes, one for each gas, collect the 
réspective gases from alternate bells. The off-take 
pipes are in turn connected to pipes, one for each gas, 
which run along the row of cells and form the main 
headers of the system. Special precautions are taken 
to prevent loss of electrolyte by spraying, and to keep 
its concentration and level constant. 

The purity of the gases obtained from modern electro- 
lytic plants is high; only in exceptional and rare cir- 
cumstances is special purifying equipment required. 


TABLE 8. 
kae Cubic feet of gas per kWh O pee 
efficiency das. 
Both gases Hydrogen Oxygen corresponding 
per cent volts 
100 15°87 10-58 5:29 1-496 
95 15-07 10-05 5:02 1-575 
90 14°28 9-52 4-76 1-662 
85 13-49 8-99 4-50 1-76 
80 12-70 8-46 4-24 1-87 
75 11-90 7-94 3-96 1-995 
70 11-11 7:41 3:70 2.137 
65 10: 32 6-88 3-44 2-300 
60 9-52 6:35 3°17 2-493 
55 8-73 5-82 2-91 2-720 
50 7-936 5:29 2. 645 2-980 
45 7°14 4-76 2-38 3-324 
40 6-35 4-23 2-12 3-740 


Almost complete separation oí hydrogen and oxygen 
is secured by specially woven asbestos cloth for the cell 
diaphragms. ' 

The quality of the gases from the Knowles plant is 
99-95 per cent for hydrogen and 99-6 to 99-8 per cent 
for oxygen. 

Another modern type of battery, designed by W. G. 
Allan, is described by him in a paper before the American 
Electrochemical Society.* 

The batteries are assembled in “ units” of 6 to 20 
cells per unit. Each cell is comprised of an oxygen 
half-cell containing the anode, and a hydrogen half-cell 
containing the cathode. When assembled the anode 
and cathode halves are separated by asbestos cloth 
diaphragms. The cell casing is of sheet steel. The 
Allan system provides for a continuous circulation of 
the electrolyte, which is aqueous caustic potash. 

The evolution of gas is always in direct proportion to 
the current flowing through the cell. According to 
W. G. Allan the voltage which represents 100 per cent 
energy efficiency is 1:496 volts. It is possible to give 


* Transactions of the American Electrochemical Society, 1922, vol. 41, p. 239, 
and 1925, vol. 48, p. 239. 
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the energy efficiency in cub. ft. per kWh either for 
both gases or for each gas separately. Thus the energy 
efficiency at 100 per cent for both gases is 15°87 cub. 
ft. per kWh, 10-58 for hydrogen and 5-29 for oxygen 
at 20° C. and 760 mm pressure. 

The current efficiency of a cell can be considered as 
100 per cent for oxy-hydrogen cells when no other 
products but the two gases result from the process. 

Table 8 gives the efficiencies, prepared by W. G. 
Allan,* on the basis of 100 per cent current efficiency, 
and are values which can be readily realized in modern 
plants. The figures are based on 20°C. and 760 mm 
pressure. 

It will be observed that, as the production per ampere- 
hour is constant, the energy consumption in kWh is a 
direct function of the voltage; taking a Knowles plant, 
delivering 16-2 cub. ft. of hydrogen and 8-1 cub. ft. of 
oxygen per hour at 1000 amperes and 2-0 volts, the 
power consumption is 2-0 kWh. To double the output 
the current must be raised to 2 000 amperes, the voltage 
to 2-25, and the power consumption to 2-5 kWh; for 
three times the output, 3 000 amperes at 2-5 volts, and 
7-5 kWh are necessary. 

While the increase in production is 1:2:3, the 
power consumption has risen in the ratio of 1: 2-25: 3-75; 
thus the efficiency improves with decreasing output. 
This property, peculiar to most electrolytic processes, 
makes such plant particularly applicable for work on 
“ off-peak ’’ load periods of electric power stations and 
is elastic in its accommodation to varying load condi- 
tions of the supply. Many other gases can be produced 
by suitable modifications of the electrolyte and the 
conditions under which electrolysis takes place. 


ELECTROLYSIS IN AQUEOUS SOLUTIONS. 


The production of chlorine and caustic soda.— 
Electrolysis of a 10 per cent solution of sodium chloride 
liberates chlorine from the anode and forms caustic 
soda at the cathode. 

Without diaphragm the chlorine diffuses, reacts with 
the sodium hydroxide and forms the sodium hypo- 
chlorite or bleaching liquor widely used in the linen, 
cotton, artificial-silk and paper industries. 

The electrolytic manufacture of chlorine and caustic 
soda is a rapidly developing industry. Most of the 
industrial chlorine is manufactured by this process. 
But the whole position centres around the problem of 
the economic disposal of the by-product, chlorine. 

Mainly three types of cell are used :— 


The bell type. 
The flowing-cathode type. 
The diaphragm type. 


The diaphragm type is most widely worked. The 
Griesheim diaphragm cell was one of the earliest of this 
type, but has now been abandoned for the diaphragm 
type cell. 

The Siemens-Billiter is a diaphragm cell, and the 
arrangement of the latest cell is briefly as follows: A 
flat sheet-iron tank, concrete-lined, is covered by an 
earthenware lid which carries the anodes. The chlorine 
is drawn off through earthenware pipes in the lid. 

e Loc. cit. 
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Brine is admitted through glass pipes. The cathode, 
raised a few inches from the bottom of the tank, is 
made of iron network covered with asbestos cloth. 

The diaphragm is a thin layer of barium sulphate and 
asbestos wool formed on the asbestos cloth. Imme- 
` diately below the cathode an off-take pipe for the 
hydrogen is fitted. 

The salt solution percolates through the diaphragm 
and asbestos covering and establishes the electric 
circuit. Electrolysis produces caustic soda and liberates 
hydrogen at the cathode. Chlorine gas is evolved at 
the anodes, in the chamber above-the diaphragm. The 
strong alkali solutions which collect under the cathode 
network are continuously drained off by a pipe at the 
tank bottom. 

The chlorine gas evolved may be used to form 
bleaching powder by passing it over slaked lime; or it 
may be used, together with the hydrogen liberated, for 
the manufacture of hydrochloric acid. Chlorine is also 
readily liquefied at normal pressure at — 40°C. Modern 
practice prefers to transport and use the gas in liquid 
form. The hydrogen obtained from this Billiter process 
is sufficiently pure for the hydrogenation of oils and 
fats, and for the production of synthetic ammonia. 

In mercury cells, known as “ flowing cathode ” cells, 
mercury flows at the bottom of the container and is 
connected as cathode. 

With brine as electrolyte, the current liberates 
chlorine at the anodes, and metallic sodium at the 
mercury cathode, with which it amalgamates. 

This amalgam is conveyed by the “flowing” 
cathode to a separate compartment, the denuder. Here 
it is treated with water, decomposed and converted to 
sodium hydroxide. 

Generally, the anode is made of carbon, although 
particles from the latter falling on to the mercury 
assist in hydrogen evolution, and the chlorine may be 
contaminated with as much as 3 per cent of hydrogen. 

The electrolyte is a 30 per cent salt solution. The 
cell requires a higher working pressure than the dia- 
phragm type, viz. about 4-3 volts. The chief disad- 
vantage lies in the high cost of the mercury, an 8 000-kW 
plant requiring about 70 tons of this metal. 

However, the current efficiency is high, in some cases 
95 per cent; and the products are of higher purity than 
those of the diaphragm cell. The description of one 
representative type, the Castner-Kellner, and its 
modification, must suffice :— 

This cell has three compartments; the two partitions, 
forming these compartments, project into grooves 
countersunk in the trough bottom, leaving just enough 
clearance for a thin layer of mercury to establish com- 
munication between the compartments. The outers 
contain carbon electrodes and the salt solution; the 
central an iron cathode grid, through which water is 
circulated. The whole cell is given a rocking motion, so 
that the mercury moves to and fro between the outer 
and central chambers. The sodium is formed on the 
mercury in the outer chambers, and the resulting 
amalgam is removed by the movement of the mercury 
to the central compartment, where conversion to caustic 
soda takes place in contact with water. The chlorine 
is drawn from the top of the outer anode chambers. 


In the Kellner-Solvay modification the mercury 


flows in a continuous thin stream. The rate of flow is 
adjusted for suitable concentration of the amalgam, 
which is treated outside the cell, and the regenerated 
mercury is returned to the cell. 

Hypochlorites, chlorates and perchlorates can be 
produced electrolytically by suitable adaptation of cell 
design, and the use of appropriate solutions. 


TABLE 9. 
A Ener 
Cel Applied | umet | Baze | peruse 
volts per cent per cent kWh 
Castner-Kellner 4-3 91-0 52-0 3-1 
Griesheim : 4:15 85:0 44-0 3:5 
Billiter-Siemens 3-7 90:0 56:0 2-75 
Townsend 4-2 90-0 50-0 3-1 
Finlay .. 3:0 98-0 75-0 2-0 
Nelson .. 3°7 90-0 56-0 2-75 
Gibbs 3:6 95-0 62-0 2-5 
Wheeler 3:9 95-0 56:0 2-75 


Table 9 contains comparative electrochemical data of 
various types for normal working conditions. 


ELECTROLYTIC EXTRACTION AND REFINING OF METALS. 


It has long been the aim to recover metals by electro- 
lysis from the solutions of the ore. The theories of the 
processes were well known, but the commercial impetus 
of great demand for the pure metal at high prices was 
needed to bring them into operation. 

Copper.—The production of pure electrolytic copper 
from the crude metal is commercially the most important, 
and is worked extensively in America and on the Conti- 
nent. In other words, electrolytic refining is of greater 
moment than electrolytic winning. 

Copper recovery.—The methods of electrolytic copper 
recovery may be classified as soluble and insoluble 
anode processes. In the former crude metallurgical 
products, such as copper-iron and copper-nickel alloys, 
are cast into anodes which are electrolyzed in appro- 
priate solutions, the copper being transferred to the 
cathode. 

This method has met with limited success. 

In the second case, the copper ores are treated in 
leaching liquors, when copper passes into solution. 
These liquors are then subjected to electrolysis with 
insoluble anodes, the copper depositing from the solution 
on the cathode. Sulphide and pyritic ores must be 
roasted first at temperatures of 470°C., at which the 
iron sulphide is completely converted and copper 
sulphide is changed to the oxide. 

Processes of the second kind are the Siemens and 
Halske, in which calcined sulphide ores are treated with 
ferric sulphate solution as leaching liquors; and the 
Hoepfner in which chloride leaching solutions are used. 
Both processes have been abandoned, largely on account 
of diaphragm difficulties in the electrolytic cell, and 
also on account of the difficulty of maintaining an 
electrolyte of constant composition. 
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The sulphuric acid ; process Jai to lis electrolysis of 
pure copper sulphate solutions. The hydrometallurgy 
of this process has been greatly improved during recent 
years, and large quantities of the oxide ores can be 
economically leached with a minimum of sulphuric acid. 
The electrolysis of pure copper sulphate is readily 
accomplished at low current densities. The hydro- 
metallurgy is complicated and varies with each kind of 
ore. Copper-oxide ores are leached without heat 
treatment. The crushed ore is treated with a 12 per 
cent sulphuric acid solution in concrete, asphalt-lined 
leaching vats. 

The liquor from the vats generally. contains some 
iron impurities, which are difficult to deal with. They 
affect the electrolytic process adversely, decreasing the 
current efficiency, and make the copper deposit less 
homogeneous. At the Anaconda Copper Co.’s works the 
“* Duriron ” anodes have been replaced by copper- 
silicide anodes; the former, passing gradually into 
solution, build up iron in the electrolyte and thus reduce 
the current efficiency. 

A great deal of experimental work is in progress to 
develop the hydrometallurgy of copper, particularly 
with a view to increasing the output of copper per 
kWh; in some cases 4 to 5 lb. per kWh have been 
obtained with experimental plants, 


TABLE 10. 
Current density Pressure les 
amps./dm? volt kWh 
l 0-049 0-114 
2 0-105 0-205 
3 0-167 0-30 
4 0:221 0-385 


Copper refining.—Although great progress has been 
made in the electrolytic extraction of copper as a 
result of improved hydrometallurgical treatment of the 
ores, the crude metal is still extracted and partially 
refined by ordinary metallurgical methods. The crude 
metal thus procured is cast into anodes for use in 
electrolytic refineries. 

For successful refining the crude anode copper should 
not contain less than 97 per cent Cu; analyses show that 
most of the commercial anode coppers have 98 per cent 
of the metal. 

The multiple connection of electrodes is generally 
preferred; but there are some isolated cases in America 
where series systems of electrode connection are used. 

The pressure-drop in multiple systems is about 0-25 
to 0-45 volt, depending on the current densities and the 
bath temperatures. In American practice the bath 
temperatures are held: at about 60°C., and Table 10 
shows the relation between the voltages, outputs and 
current densities at this temperature. 

High current densities present the following advan- 
tages: High rate of working; small space requirement; 
reduced oxidation of copper; reduced copper losses in 
anode slimes; reduced operation and running charges. 
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The admita are: Evolution of hydrogen, and 
spongy copper deposit on cathode; increased danger of 
internal short-circuits; increased consumption of cathode 
material. European practice uses current densities of 
about 1-5 amps.fdm?, America about 2:2 amps./dm?, 
but values of 3-7 have been reached in some refineries. 

The multiple system is more costly in outlay, and 
consumes, including all losses, about twice the energy; 
thus only 150 kWh per ton of refined copper is required 
for the series system, and 370 kWh for the multiple 
system. The main reason for the greater popularity of 
the parallel system lies in its greater flexibility of work- 
ing, its higher current efficiency, and the important 
saving in unused anode stumps. The current efficiency 
of the multiple system is about 96 per cent and that of 
the series 90 per cent. 

The electrolyte is a solution of copper sulphate, 
acidulated with sulphuric acid, and is the same for 
both. High concentrations of copper sulphate and 
15 per cent acid solutions are employed; often, glue 
and lubricating oils are added in the electrolysis of 
metals, as they act favourably on the physical properties 
of the deposits. 

The products of electrolysis are cathode copper, 
anode slimes and impure electrolyte. The cathode 
copper, the primary product, is 99-93 to 99-98 per 
cent Cu. 

According to the previous metallurgical history, the 
important slime constituents are: Silver, from 12 to 
55 per cent; copper, from 10 to 57 per cent; gold, from 
0-034 to 5-1 per cent; lead, up to 5-3 per cent; anti- 
mony, arsenic, bismuth, up to 7 per cent. The slimes 
are treated for the removal of the latter, and the 
residue, chiefly lead, silver and gold, are recovered by 
special refining processes. 

The electrolyte itself becomes impure due to the 
formation of metal sulphates and bismuth, arsenic and 
antimony compounds. It is regenerated by evaporation, 
or special electrolysis with insoluble electrodes. Apart 
from this periodical regeneration, a continuous circula- 
tion of the electrolyte is necessary to prevent undue 
accumulation of impurities. 

For this purpose, the cells are worked in cascade. 
The velocity of electrolyte circulation depends mainly 
on the current density, and the number of tanks through 
which the liquor has to flow before reaching the reheating 
tanks. 

At an average density of 1 to 2 amps./dm?, the rate 
is about 3 gallons per minute. 

Silver.—Up to the present small success has ad 
the electrolytic extraction of silver from the liquors 
resulting from the hydrometallurgy of its ores. 
Chemical precipitation methods appear to be generally 
favoured, and electrolytic processes are confined to the 
refining of the metal. 

Silver refining.—In most cases the materials subjected 
to refining contain both silver and gold. 

The anode slimes from the copper refinery have the 
following composition: 95 per cent Ag; 3 per cent Au; 
2 per cent of Cu, Bi, Pb, Te and Pt. 

The material obtained from the desilverization of lead 
contains: 98 per cent agrs 0: p per cent Au, and 1- -5 per 


cent Cu, Bi and Pb. 
* 
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The percentage of base metals must be kept low, and 
matters are so adjusted that the rich bullion contains 
at least 60 per cent Ag, because electrolytic refining is 
difficult with gold in excess of 40 per cent. This raw 
material is cast into anodes, which are electrolytically 
refined in dilute silver nitrate solution. The silver con- 
centration, for the sake of capital cost, is held low; 
generally, about 1 per cent of silver. Pure silver 
cathodes are used, on which the silver, dissolved at the 
anodes, is deposited. Great care is taken to collect 
the anode slime, which contains gold and platinum. 
The anode-slime gold is melted down and cast into 
anodes for the gold refinery. 

High speed of operation is essential in the refinement 
of precious metals, as well as a minimum of material 
locked up in the process to reduce capital charges; 
those for electric power and labour are relatively negli- 
gible. This condition leads to high current densities, 
correspondingly high voltages and low efficiencies. 

The current densities may be 3-5 amps./dm? for fresh 
baths with low copper contents, 2-5 amps./dm? being the 
normal working density. The applied pressure per cell 
varies accordingly between 1-4 and 1-7 volts. 

The current efficiency is 95 per cent, and 5-1 Ib. of silver 
is deposited per kWh; the product is 99-9 per cent pure. 

The figures quoted above hold for the Moebius process. 
In the Balbach-Thum electrolytes of higher concentra- 
tion are employed, containing about 1 to 2 per cent of 
nitric acid and 3 to 4 per cent of silver. Higher current 
densities are used, being at the anode 5-5 amps./dm?, 
and at the cathode 2:5 amps./dm?; the applied pressure 
is 3-5 volts per cell. The operation is rapid, and 
specially suitable for bullion rich in gold. One kWh 
deposits 2-5 lb. of Ag 99-95 per cent pure. 

The Cleave process, used at the Ottawa Mint, has 
cylindrical cathodes rotating at a peripheral speed of 
40 ft. per min.; the current density is 8 amps./dm* and 
the applied pressure 1-2 volts per cell. The advantages 
claimed are high speed of operation and reduced energy 
consumption and working charges. The product is 
99-9 per cent pure. 

Gold recovery —Electrolysis in the recovery of gold 
from its ores is limited to the electrolytic deposition of 
the metal from leaching liquors, and is an auxiliary 
to the cyanide process. In many important cases it 
has been abandoned, even in this subsidiary capacity, in 
favour of the chemical method of McArthur-Forrest. 

Purely mechanical means of extraction are only 
applied to rich ores. 

The ore is crushed and the heavier gold particles are 
separated, smelted, and then refined electrolytically. In 
the treatment of poorer ores of, say, 8 grammes per ton, 
they are crushed and levigated. The slimes are run 
over amalgamated copper plates, where the gold 
amalgamates with the mercury. If the gold-bearing 
ore is too closely associated with pyrites, either the 
chlorination or the cyanide process is used. In the 
former the ore is roasted, then wetted and exposed to 
chlorine gas; auric chloride is formed, which is extracted 
by water and precipitated by ferrous sulphate. Its 
disadvantage for electrolyte refining is that other 
metals may be extracted and pass into solution, pro- 
ducing an impure electrolyte. 


In the cyanide process the ore is crushed and leached 
with a dilute solution of potassium cyanide and exposed 
to oxygen by continuous agitation with compressed air, 
when gold is dissolved as a double cyanide:— l 


4Au + 8KCN + 2H,O + O, = 4KOH + 4KAu(CNa)a 


The resultant liquor may be treated chemically by the 
McArthur-Forrest system, or electrolytically, generally 
by the Siemens and Halske process. 

In the former the gold is precipitated by running the 
solution over zinc shavings. 

The Siemens and Halske method uses the filtered 
liquor from the cyanide process; this contains from 
10 to 15 grammes of gold per ton. Iron anodes and 
sheet-lead cathodes are employed. The current density 
is kept low, in order to obtain a firm cathode deposit 
and to prevent deterioration at the iron anode. The 
latter forms one of the chief objections and is due to 
the action of cyanide on iron; this is continually 
attacked and dissolved, and a double cyanide of iron, 
prussian blue, is formed. To guard against contamina- 
tion of the electrolyte, the anode is surrounded by 
canvas bags. The current density is about 4 amps./dm?; 
the current efficiency is low, about 0-1 per cent. This 
does not seriously matter, as the cost of production 
depends rather on the capital charges on the materials 
involved than on expenditure in power and labour. 
The corresponding voltage per cellis 2-5. The cathodes 
are removed every two months and melted down. The 
crude gold, ready for refining, contains about 80 to 
90 per cent of the metal. 

The advantages of electrolytic extraction are, briefly, 
that no zinc is required and that the consumption of 
cyanide is reduced to one-third of that in the chemical 
method; further, poor products are more easily worked. 
Against this stand the disadvantages that larger plants 
are necessary and that the operation is slow, lasting 
several months. This, in view of the capital value of 
the material involved, is a very serious objection. 
Finally, as much as 10 per cent of gold is contained in 
the anode slime of prussian blue. 

Gold refining.—The oldest, and possibly the only, 
method for refining doré metal was devised by 
Wohlwill, and is used in Government refineries. 

The crude gold anode is electrolyzed in a 5 to 10 per 
cent solution of hydrochloric acid, containing from 6 to 
10 per cent gold chloride. The bath temperatures are 
held at 70 to 75° C. 

The essential feature of the Wohlwill process is the 
addition of hydrochloric acid. Electrolyzing a neutral 
solution of gold chloride, chlorine is evolved as an 
objectionable by-product. Wohlwill found that this 
could be stopped by an excess of hydrochloric acid. 

On the other hand, if in a neutral solution of gold 
chloride the current density be held low, the gas is not 
evolved. The reduction of the current density, however, 
slows down the operation, which is undesirable, and even 
inadmissible. But Wohlwill further discovered that 
with the addition of hydrochloric acid the chlorine 
evolution could be suppressed, even with high current 
densities, and thus accelerate refining. For solutions 
containing 3 per cent of gold the current density is 
3 amps./[dm?, but this can be raised to 10 amps./fdm* 
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with bath temperatures of 75° C., and even 50 amps./dm? 
may be used if the temperature is maintained at 
62°C. The applied pressure per cell varies from 0-6 to 
1 volt, according to the temperature and composition of 
the solution. 

The constituents of the crude anode gold are about:— 
94 per cent gold, 5 per cent silver, and 1 per cent copper, 
palladium and platinum. 

On electrolyzing copper, palladium and platinum are 
dissolved at the anode and remain in solution in the 
electrolyte. The silver is converted into silver chloride, 
remains undissolved and is recovered from the anode 
slime. 

If the silver contents exceed 5 per cent, the silver 
chloride ceases to precipitate as anode slime but 
adheres to the anodes, and must be removed at regular 
intervals. Simultaneously, the anode current densities 
increase, the gold becomes inert and chlorine is liberated. 

Wohlwill overcame this difficulty by superimposing on 
the direct current alternating current of slightly larger 
(R.M.S.) value. 

It has been found that quantity and texture of the 
product thus obtained is equally good, that higher current 
densities can be used and the operation speeded up, and 
that slimes contain only silver chloride and no gold. 

The increased demand for platinum and palladium has 
induced refineries to adopt this process; they are allowed 
to build up in the electrolyte to about 50 grammes 
per litre. The gold obtained is 999-75 fine, and the 
energy consumed is 0-32 kWh per kg of gold. 

Zinc vecovery.—The electrometallurgy of zinc differs 
from that of copper in so far as electrolysis is the only 


‘known commercial method by which metallic zinc can 


be produced from solutions. 

The fundamental theory underlying the recovery of 
zinc from zinc sulphate solutions was well known, but 
its technical and commercial developments were checked 
in Europe by the outbreak of the war in 1914. After 
some preliminary work, experimental plants were 
erected at Anaconda by the Anaconda Copper Mining 
Co. and the Consolidated Mining and Smelting Co., at 
Trail, B.C., where, under the stimulus of zinc scarcity 
and the high prices due to the war, the industry leaped 
into commercial prominence in the United States and 
Canada. Since then experimental plants for this process 
have been installed in Italy, France and Germany, and 
by the Electrolytic Zinc Co. of Australia in New South 
Wales, where installations of 130 tons daily capacity are 
in operation for the electrolytic treatment of the com- 
plex zinc ores from Broken Hill. : 

In most modern plants the zinc is obtained from 
zinc sulphate electrolytes, although electrolytic zinc of 
equal quality is produced by electrolyzing aqueous 
solutions of zinc chloride. The advantage of the latter, 
the Hoepfner method, is that lower decomposition 
voltages than that of the Siemens-Halske, the sulphate 
process, arerequired. The disadvantage of the Hoepfner 
system is the production of by-product chlorine, which 
needs special anode chambers for its collection. The 
chlorine must either be destroyed or worked up into 
commercial products, an undesirable feature in metal- 
lurgical plants. 

The methods of production are essentially the same 


in most plants. Zinc oxide is prepared from complex 
ores by roasting, and concentrated by flotation. The 
oxides are leached in a 10 per cent solution of sulphuric 
acid, which is the spent electrolyte continually drawn 
from the cells. The electrolysis of zinc demands 
electrolytes particularly free from impurities. The 
treatment of the solution for impurities varies with the 
composition of the ore. _ 

The roasted and concentrated ore used in the 
Anaconda-Trail process by the Anaconda Copper 
Mining Co. at Great Falls, has, according to Dr. Eger, 
the following composition :— 


1-83 per cent Cu 
34-00 per cent Zn 
7-25 per cent Pb 
370-0 grammes Ag 
2-3 grammes Au 
5-82 per cent insolubles 


4-9 per cent SiO, 
18-9 per cent FeO 

3-7 per cent Al,O3 

0-1 per cent CaO 

0-38 per cent As 
35: 1 per cent S 


The most objectionable are antimony and arsenic. 
Even minute traces of antimony will seriously impair 
the current efficiency. Arsenic has a similar effect. 
The presence of 1 mg of cobalt causes corrosion holes 
in the deposit, and 10 mg of copper per litre produces 
spongy zinc. Cadmium and manganese do not in them- 
selves show any bad effects, but they appear to assist 
and emphasize those of the other impurities. Hence 
the purification of the solution before re-entry to the 
cell is of first importance. The impurities are removed 
by a succession of purely chemical reactions and 
precipitations. 

In the Siemens and Halske process insoluble anodes 
are used. Zinc of 99-98 to 99-99 per cent purity is 
deposited on the cathodes, and an electrochemically 
equivalent quantity of free sulphuric acid is liberated 
at the anode. The solution, thus enriched in acid 
content, is used in the leaching vats, and is then 
returned, after passing through the purification plant, to 
the cell. 

At Great Falls the cells are arranged for cascade 
circulation. The electrolyte enters the highest cell 
neutral or faintly acid, having a zinc concentration of 
7 to 8 per cent. It leaves the lowest cell with about 
2 per cent zinc, and correspondingly enriched in sulphuric 
acid. 

The average voltage per cell is about 3-5 to 4, and 
the cathode current densities lie between 1-5 and 3:5 
amps./dm*. The baths are cooled artificially to main- 
tain their temperatures at 40° C. 

The power consumption is 3-5 to 4-5 kWh per kg of 
zinc recovered. 

The anode material is-pure lead. Although pure 
zinc may be used as cathode, it has been found more 
economical to substitute aluminium cathodes, from which 
the zinc is removed about every 48 hours. 

The first commercial attempts in the electrolytic 
extraction of zinc were made in 1915; to-day 20 per 
cent of the world’s zinc, about 200 000 tons per annum, 
is won by this method. The success of the process is 
intimately linked up with improved flotation, by which 
the mechanical separation of the complex ore into its 
constituents is accomplished. 

It may be stated here, as a general principle, that 
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the electrolytic refining of metals is a fundamentally 
costly process, and that the capital involved per unit 
capacity is considerably in excess of that for ordinary 
metallurgical plants. Unless there is a good market for 
such refined materials, or unless the process yields 
valuable by-products, the ordinary metallurgical methods 
are, as a rule, preferred. 

Lead extraction.—The winning of lead from its ores by 
heat treatment is cheap, simple and reliable, and the 
silver extraction satisfactory. Although a great deal of 
research work has been done on the hydrometallurgy of 
lead, none of the results has found commercial 
application. 

According to Skowronski,* the electro-winning of 
lead from the leached tailings of the hydrometallurgy of 
zinc offers good possibilities. The electrolyte experi- 
mented with has been chiefly lead chloride, soluble in 
strong brine solutions. Both anode and cathode are of 
iron. The efficiencies are good, and the power con- 
sumption is low, 5-5 to 6-4 kg of lead being obtained 
per kWh. 

Lead refining.—In lead refining, the chief object is 
not so much to produce lead of a high degree of purity 
as to secure the complete recovery of the precious 
metals associated with the crude material. . 

The electrolytic method of Betts has not proved a 
serious competitor to the pyrometallurgical process of 
Parkes. The Betts method is used by the Consolidated 
Mining and Smelting Co., at Trail, B.C., and at the 
United States Lead Refining Co., at the East Chicago 
and Omaha plants. The lead bullion made there con- 
tains considerable proportions of bismuth, and the Betts 
process is particularly applicable to such bullion. The 
Purkes method is employed at these works mainly for 
lead bullion of less bismuth content. The electrolyte 
of the Betts method is a solution of lead fluosilicate in 
aqueous hydrofluosilicic acid, its composition varying 
within wide limits. An addition of about 450 grammes of 
gelatine per ton of lead refined improves the deposits, 
and prevents crystalline growths between the elec- 
trodes. 

The crude lead, from which the anodes are cast, con- 
tains silver, gold, copper, arsenic, antimony and iron, 
which fall as anode slimes. These slimes are treated 
chemically for the recovery of the by-products; electro- 
lytic methods are resorted to if the sludge is rich in 
silver. Tin impurities must be avoided in anode lead, 
as they contaminate the cathodic lead deposits. 

The current densities vary between 0:9 and 
2 amps.fdm?, and the voltage per cell from 0-3 to 
0-35 volt for anodes containing 98 per cent Pb. The 
bath temperature is held at 35°C. The product is 
99-993 per cent pure. 

The current efficiency averages 90 per cent, and the 
power consumed per ton of lead refined is about 
90 kWh. 

Tim recovery.—The recovery of tin from its ores is 
entirely due to pyrometallurgical treatment. Although 
the impurities left by the smelting of the ores could be 
readily removed by electrolytic methods, there is, so 
far, no economical justification for the introduction of 
electrochemical processes in.this industry. 

* Transactions of the American Electrochemical Soctety, 1924, vol. 45, p. 353. 


Tin refining.—The recovery, or “ stripping,” of tin 
from tin plates and scrap was done electrolytically by 
the Goldschmidt process, which has been entirely 
superseded by the more economical treatment for 
de-tinning by chlorine gas. 

Nickel recovery and refining.—Nickel extraction 
from its ores by electrolytic decomposition of the 
leaching liquors has been practised with varying and 
doubtful success. The processes involved have used 
nickel chloride solutions, as in the Hoepfner and 
Browne methods, and-nickel-sulphide solutions. 

The latter is adopted in the Hybinette process, 
which is commercially the most important and the 
most successful of all developed for the extraction of 
nickel from the matte. It is used in Norway, and by 
the International Nickel Co. in Canada. 

The recovery of palladium, platinum, iridium, and 
rhodium in the matte obtained from Canadian ore, 
makes its refining of commercial value. 

The electrolytic method has a formidable competitor 
in the Mond carbonyl distillation process, by which all 
the precious metals are-recovered and which has a 
particularly favourable copper-sulphate yield. 

In the Hybinette process the copper-nickel matte, 
obtained from the sulphide ores, containing 47 per 
cent Ni, 30 to 32 per cent Cu, 0:2 to 0-5 per cent Fe 
and 20 per cent S, is roasted, removing the sulphur; 
leaching with a 10 per cent solution of sulphuric acid 
removes most of the copper, leaving a metal which is 
rich in nickel and serves as anode material. 

A double-compartment cell is used. The cathode 
compartment holds a nickel-sulphate solution having 
about 45 grammes of nickel per litre. Nickel is deposited * 
on the cathode, and the catholyte passes through the 
porous diaphragm to the anode chamber. The copper 
of the anode is dissolved; the anolyte is withdrawn and 
poured over spongy nickel, where the copper is precipi- 
tated. The solution, free from copper, re-enters the 
system at the cathode chamber. 

The cathode material is iron coated with a thin layer 
of graphite. 

The slimes are worked up for precious ‘metals by 
separate electrolysis. 

The product is 99 per cent nickel, but a metal of 
higher purity can be produced if required. 

Nickel of high malleability and conductivity can be 
obtained by Marsden’s process, in which the cathodes 
are withdrawn periodically for short periods, exposed to 
the atmosphere, and re-immersed. 

The current density is 0-9 to 1-1 amps./dm?, with 
corresponding voltages of 3 to 4 volts per cell. 

The purity of the nickel recovered electrically and 
pyrometallurgically is from 98 to 99 per cent, a value 
sufficiently good for most purposes, including the manu- 
facture of nickel steels. Ifa higher purity be required, 
as in nickel plating, the demand can be easily met by 
the methods of nickel extraction. Hence, special nickel 
refinement has achieved no commercial importance. 

Iron recovery.—A great deal of hydrometallurgical 
research has been done on the direct recovery of iron 
from its ores by electrolysis of the resultant leaching 
solutions. 

None of the processes has developed commercially 
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and it would appear that their success is closely allied 
with the market value of the by-products extracted. 

Iyon refining.—The technical utility of electrolytic 
iron is bound up in its favourable magnetic properties, 
its resistance to corrosion, and its purity, which make 
it a suitable raw material in the manufacture of crucible 
steels and similar alloys. 

The Boucher process, worked by La Société Anonyme 
Le Fer, at Grenoble, uses soluble cast-iron anodes, 
which dissolve into the electrolyte as iron is deposited 
on the cathode. Since the works at Grenoble are parti- 
cularly interested in the manufacture of boiler tubes, 
the cathode is arranged as a revolving mandrel. 

The electrolyte is a solution of ferrous chloride. 

The speed of the revolving cathode is regulated by 
the current densities; for 5 amps./dm? the peripheral 
speed is 328 ft. per min., and for 8 amps./dm? 394 ft. 
per min. The temperature of the cells is regulated 
and held constant at any one current density, being 
about 80°C. for 10 amps./dm?. Special precautions 
are adopted for the removal of hydrogen, but whatever 
may be left in the deposit is removed by annealing at 
900° C. 

The operating voltage is about 23 volts per cell; the 
current efficiency is 95 per cent, and the metal refined 
varies from 0:8 to 1 Ib. per kWh. 

The Western Electric Co., producing approximately 
25000 lb. of electrolytic iron per week at their 


Hawthorne plant (Illinois, U.S.A.), use a slight modifica- 


tion of the Burgess process. Here the electrolyte is 
ferrous sulphate and ammonium chloride; the anodes 
are mild steel, and the cathodes polished steel. 

The current densities are kept considerably lower, 
about 1-8 amps./dm?. The resultant deposit is brittle, 
and is ground up in rolling mills after the hydrogen has 
been removed by annealing. 

T. W. S. Hutchins has given some interesting details 
regarding the cost of production of electrolytic iron 
tubes at Chester (England).* 

The future of electrolytic iron depends, apart from 
a purely commercial aspect, on many points. Tests 
have shown that electrolytic iron manufactured as 
sheets, properly made and heat-treated, is more ductile 
than mild steel; and, if a highly ductile metal can be 
produced in thin gauges at competitive prices as com- 
pared with cold-rolled strip, a great future may be 
predicted. 

The manufacture of thin, uniform, seamless tubes for 
boilers would also appear to be a promising field. 

As regards electrolytic iron for magnetic purposes, 
Yensen states that it has exceptional properties in this 
respect only when heat-treated in vacuo, and hence its 
commercial prospect compared with that of other 
magnetic materials is not really great. 

Electrolysis of fused electrolytes.—Although it is usual 
to consider the deposition of metals from fused electro- 
lytes in connection with furnace work, the fundamental 
principles underlying the production of metals from 
aqueous and fused electrolytes are identical. 

From a commercial point of view, however, the 
electrolysis of metals from aqueous solutions has to meet 
the competition of hydrometallurgical methods; the 


* Transactions of the First World Power Conference, 1924, vol. 4, p. 704. 


electrolysis of metals in fused electrolytes is free from 
such rivalry. 

The electrolysis of fused anhydrous salts is simple, 
and generally there is no objection to using considerably 
higher current densities. The disadvantage lies mainly 
in the rapid depreciation of the furnaces and plant 
involved in the process. Much care and skill must be 
exercised in their practical operation, and an effective 
temperature control is essential to avoid “ metal fogs,” 
which represent a loss at the cathode peculiar to molten 
salts. 

The most important products are metallic sodium, 
calcium, magnesium, zinc and aluminium. 

Sodium.—Sodium may be produced by the electro- 
lysis of fused salt. The objection is the high working 
temperature, as the melting point of sodium chloride is 
800% C.; otherwise there is much to recommend it. 
The raw material is cheap and easily obtained. How- 
ever, the Castner process, the most widely known, uses 
caustic soda and the working temperatures range about 


-320° C. only. The cathode, made of iron, nickel or 


copper, is fixed centrally in the furnace, and is sur- 
rounded by a cylindrical nickel anode suspended from 
the top cover of the furnace. The anode is perforated 
for free circulation of the fused electrolyte. A cylindrical 
screen is placed between the electrodes, dipping just 
below the liquid; it carries a gauge extension and forms 
the cathode chamber. The cast-iron container is filled 
with the molten electrolyte. The furnace is brick- 
enclosed, and the temperature so regulated that solidi- 
fied sodium hydroxide lines the inmer walls. The 
metal is liberated at the cathode and removed by 
ladling. The current density is 250 amps./dm? at 
5 volts applied pressure; the current efficiency is 45 per 
cent. According to Allmand and Ellingham, 1 ton of 
sodium requires 14 600 kWh. 

In the Becker process, a modification of—but not an 
improvement on—the Castner, a mixture of caustic 
soda and sodium chloride is the electrolyte, which is 
electrolyzed at about 550°C. It is claimed that 
explosions, due to the action of anodic oxygen on 
sodium particles sufficiently small to percolate through 
the gauze to the anode chamber, are avoided by arrang- 
ing a special collector chamber over the cathode. The 
current efficiency is 35 per cent, and the energy con- 
sumed is 18 000 kWh per ton of sodium. 

The contact electrode process, exploited at the 
Griesheim Electron Works (Germany), operates with a 
shallow bath and uses caustic soda. The cathode is an 
iron rod, just in contact with the electrolyte, and its 
position is adjusted as the level of the molten metal 
rises; no screens or diaphragms are employed. The 
cathode current densities are high, normally about 
1000 amps./dm?. The furnace is also intended for the 
production of calcium, strontium and magnesium. 
The current efficiency is about 30 to 35 per cent; the 
applied voltage is not known, but in view of the high 
current densities it is sure to have high values. 

The Ashcroft method uses double-compartment cells 
in the preparation of sodium from salt with molten 
lead as an intermediary, and is worked commercially in 
Norway. The anode is carbon and the cathode molten 
lead, between which the salt is fused and electrolyzed in 


556 FRENCH: ELECTROCHEMISTRY AND ELECTROMETALLURGY. 


the first compartment. The alloy of molten lead-sodium 
is transferred to the second chamber, where it is sub- 
jected to a second electrolysis with molten caustic soda 
as electrolyte. Here the sodium is deposited at the 
cathode, the lead-sodium alloy acting as anode. The 
working temperature of the second bath is 770°C.; 
the cathodic current density is 200 amps./dm?. The 
claimed current efficiency is 90 per cent. Allowing for 
an applied pressure of 7 volts at the first and 2 volts 
at the second chamber, 1 ton of sodium requires 
11700 kWh. The operating difficulties must be great, 
and the depreciation of the plant, due to the high and 
varying temperatures, considerable. 

Magnesium.—Before the war this metal was exclu- 
sively produced in Germany, using an electrolyte of 
fused anhydrous carnalite, which is found in large 
natural deposits at Stassfurt, in preference to magne- 
sium chloride. Carnalite has a lower melting point 
than magnesium chloride and is easily dehydrated. 

The molten magnesium is lighter than the fused 
carnalite and floats on top. The melting point of 
magnesium is 633°C., of carnalite 496°C. and of 
magnesium chloride 750°C. For technical operation 
630° C. has been adopted as the best working tempera- 
ture. 

The electrolyte of fused salts is achieved in an iron 
vessel, its walls being lined with a thin layer of solidified 
electrolyte as protection from the action of anodic 
chlorine (in case magnesium chloride is present) and the 
molten electrolyte. 

The carbon anode, suspended from the top, is sur- 
rounded by a porcelain open-ended cylinder which dips 
into the electrolyte. The cylinder is slotted at the part 
which is in contact with the electrolyte. 

The cathode is an iron cylinder held concentrically 
around the anode and its porcelain diaphragm. This 
construction is adopted to prevent the molten metal, 
which floats on top, from making contact with the 
anodic chlorine gas. The latter is drawn off through 
pipes at the top of the cylindrical diaphragm. During 
electrolysis the upper part of the cell is swept by a 
scavenging stream of neutral gases for the removal of any 
traces of chlorine which may have entered the cathode 
chamber. 

To maintain the temperatures of the “melt” a 
pressure of about 5 to 8 volts is applied, although the 
decomposition voltage of carnalite is only about 3 volts, 
and that of magnesium chloride about 2°8 volts. The 
current density is 10 amps./dm?, although in some small 
plants values as high as 30 to 40 amps./dm? have been 
reached. The current efficiency is 90 per cent in care- 
fully worked plants. Assuming an applied pressure of 
‘6 volts and an average current efficiency of 75 per cent, 
1 kg of magnesium requires 17-7 kWh. 

Calcium.—Although the same, or slightly modified, 
plant may be used as in the production of sodium, 
calcium is not so readily prepared from calcium chloride 
as the sodium from its alkaline earth. One of the 
difficulties is ‘‘ metal fog ” formation, which seriously 
reduces the yield unless some method of continuous 
removal be employed. Another difficulty lies in the 
preparation of the pure anhydrous salt from hydrated 
chlorine, owing to hydrolysis and the gradual formation 


of some hydroxy-chloride. As a consequence the 
liberated metal is attacked by the melt, displaces the 
hydrogen, and forms an insoluble oxy-chloride. In 
this way as much as 17 per cent of the metallic calcium 
may be absorbed in the melts. The technical and 
commercial applications of the process are extremely 
limited. 

Zinc.—The production of zinc by electrolysis of the 
fused zinc chloride has been accomplished experimentally 
and technically by the Ashcroft-Swinburn process. In 
spite of good energy efficiency (about 30 per cent) and 
low energy consumption (3 750 kWh per ton of the 
metal) it has not been exploited to any extent. The 
chief obstacles to its progress are the commercial pre- 
paration and dehydration of zinc chloride, and the 
inherent costliness and working difficulties of the 
method. 

Aluminium.—Wohler, in Germany, was the first to 
separate aluminium, though not absolutely pure, in 
1845, by the reduction of the chloride with potassium; 
and Deville, in France, was the first to succeed in the 
preparation of the pure metal in 1854. He improved 
the chemical process to such an extent that its cost fell 
from £23 to £1 per lb.; to-day aluminium can be 
bought at Is. per pound. He also investigated the 
possibilities of the electrometallurgy of aluminium and 
other metals, but his efforts broke down commercially 
and did not revive until the advent of large dynamo- 
electric machinery. Although many patents were 
taken out, real progress in the electrochemical manu- 
facture of the metal was not made until Hall, in 
America, and Héroult, in France (1886 and 1889), 
introduced their processes. They are in essence the 
same, and embody the main features of the modern 
Héroult-Hall system. They depend upon the fact that 
molten fluorides absorb considerable quantities of 
alumina, roughly 20 percent; at 80 per cent this bath 
is amenable to electrolysis and, provided an applied 
pressure of 6 volts is not exceeded, the alumina splits 
up into aluminium and oxygen, while the electrolyte, 
fused cryolite, remains unchanged. The Héroult-Hall 
process has completely replaced purely chemical methods, 
and the entire world’s production of aluminium is due 
to this process, in which bauxite is electrolyzed in fused 
cryolite. 

The Hall process was started in 1889 by the Pittsburg 
Reduction Co., now the Aluminium Co., of Pittsburg. 
The Héroult process was initially worked by the Société 
d’Electrometallurgique Frangais. Another Continental 
firm is the Aluminium Industrie Gesellschaft, which 
developed from the Héroult works at Neuhausen, and 
now owns, in addition, works at Rheingelden and 
Bergheim. In this country the industry is in the hands 
of the British Aluminium Co., with bauxite mines in 
Ireland and works at Greenock, Kinlochleven and 
Milton; and the Aluminium Corporation at Dolgarrog. 

Bauxite, the chief raw material, occurs in Ireland, 
the Rhone Valley, and Alabama, North America. 
Table 11 gives an idea oí the contents of crude bauxite, 
omitting small percentages of impurities. | 

The crude ore is worked up by chemical and pyro- 
technical methods, of which the Bayer, or wet, process, 
and the Serpek process (France), are the most important. 
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In the former the crude bauxite is refined by treatment 
with caustic soda, filtering and roasting. The second 
is a pyrometallurgical method, and its important 
feature, apart from the production of alumina, is the 
fixation of atmospheric nitrogen and its attendant 
industries. The refining process of crude bauxite 
requires about 8 tons of coal per ton of metal produced. 
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cryolite remains unaffected so long as these voltages are 
not exceeded, but experience has shown that a partial 
decomposition of the electrolyte into fluorine gas at the 
cathode and sodium at the anode occurs. The latter 
impairs the purity of the product, and introduces 
subsidiary electrolysis which attacks and wastes the 
cryolite. An excess of alumina is the remedy. The 


TABLE 1]. 


Perceniage Composition of Crude Bauxite. 


Locality Al,O3 Fe203 SiOz TiO, H¿0 
Red bauxite from Var (France) 65-2 21-9 0-29 3-4 14-10 
White bauxite from Hérault (France) 77-92 0-1 2-19 4-00 15-7 
Baux (France) . p T 72:61 8-2 10:0 — 9-0. 
Vochein (Germany) 63-06 24-55 4°15 8-34 
Georgia (U.S.A.) 57-28 0-96 9-08 3°44 29-12 
Alabama (U.S.A.) 64-1 2-2 2:12 31-58 
Arkansas (U.S.A.) 63-05 2-65 2-00 — 32-20 
Ireland F 62:89 1-98 6: 28 : 92 


This may explain the large development of the alu- 
minium industry in England, where the crude ore is 
brought for refinement to the coalfields, subsequently to 
be treated in electric furnaces near the hydro-electric 
power stations. | 

The furnaces are of the same general design and 
consist of rectangular mild-steel casings with a first 
lining of refractory material covered by a carbon 
lining forming the cathode. The anodes, closely grouped 
in clusters of 8 to 12 carbon rods, are suspended in the 
cell and so arranged that each carbon, or group, may be 
raised or lowered. 

The anode consumption is from 0:7 to 0-8 lb. per 
pound of metal produced. 

The loss of anode carbon forms a heavy charge in 
the cost of manufacture, as the carbon must be of good 
quality, free from impurities, and have a minimum 
percentage of ash. 

Experience has shown petroleum coke to be the most 
suitable material for their manufacture. 

It has already been mentioned that the fundamental 
principle of aluminium production by the Héroult-Hall 
process is the electrolytic dissociation of aluminium 
dissolved in a bath of sodium-aluminium fluoride. The 
reaction taking place is simple. With an applied 
initial pressure of 6 volts, aluminium is deposited at the 
cathode of the furnace, and oxygen is liberated at the 
anode:— 

AlO% = 2A1 + 30 


_ The free oxygen consumes the anode carbon, forming 
carbon monoxide which, in contact with air, burns to 
carbon dioxide, the complete reaction being 


2A1L,0, + 3C = 4Al + 3CO,. 


The decomposition pressure of alumina is about 
2-8 volts, but 6°5 to 8 volts is necessary to overcome 
the bath and circuit resistances. Theoretically, the 


addition of alumina must, however, be well con- 
trolled, for this reason. From Fig. 3 it will be observed 
that the melting point of pure cryolite is 1000°C.,, 
and that an addition of 5 per cent alumina reduces 
it to 915°C.; any further addition raises the melting 


Temperature, 


5 wn... - 20 
Percentage of alumina in cryolite 
(According to Pyne) 
Fic. 3.—Melting-point diagram for cryolite-alumina 
mixtures. 


point again. The bath temperature should be held at 
moderately low temperatures, about 800-950° C. being 
the most suitable temperatures. This corresponds to 
about 5 to 6 per cent alumina, which is too fine a 
margin for practical operation, between the deposit of 
the pure meta] and the point at which cryolite decom- 
position commences. Hence, binary cryolite-alumina 
compositions are not used, and ternary fluxes such as 
cryolite-calcium fluoride-alumina are employed, which 
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provide reasonably low working temperatures and safe 
working ranges. 

Hall specifies a mixture of 33 per cent cryolite, 
20 per cent calcium fluoride, and 44 per cent aluminium 
fluoride as a suitable flux; this allows a working tem- 
perature of 800°C. in the furnace, and dissolves 10 per 
cent more aluminium than pure cryolite. 

J. W. Richards gives the following figures for the 
specific gravities of the materials involved in the 
process :— 


Material. E Specific gravity: 

O. . 

Aluminium (commercial) .. 2:66 2-54 

Cryolite (commercial) . 2°92 2-08 
Cryolite (commercial, saturated 

with alumina) T .. 2°90 2°35 


It will be observed how closely the specific gravity of 
the molten metal approaches that of the electrolyte, 
and that in the molten state the metal is slightly 
heavier than the electrolyte and sinks to the bottom of 
the furnace, from where it is tapped, then remelted in 
reverberatory furnaces and cast into ingots. Aluminium 
cannot be refined like other metals, and it is of first 
importance that both the cryolite and the alumina are 
absolutely free from impurities. 

The losses are due chiefly to the formation of “ metal 
fog,” as the process is worked at temperatures con- 
siderably higher than the melting point of the metal 
(657° C.). Furnaces working at 5 to 8 volts take about 
15 000 to 18 000 amperes in the larger sizes, and about 
8 000 to 10000 amperes in the smaller. The current 
efficiencies vary widely, between 60 to 90 per cent. 
Allowing an average pressure of 7 volts and a current 
efficiency of 80 per cent, the energy efficiency is 24 per 
cent, and 1 kg of metal requires 25-8 kWh. 

To-day the world's output averages 180 000 tons, 
which is produced entirely by the electric process. The 
European share in this is about 80 000 tons. 


In conclusion the author wishes to acknowledge his 
indebtedness to the following authors and publications; 
in particular to Allmand and Ellingham, whose excel- 
lent work, ‘‘ Applied Electrochemistry,” has been fre- 
quently consulted and quoted. 
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DISCUSSION ON 
“ BATTERY ELIMINATORS.” * 


SOUTH MIDLAND CENTRE, AT BIRMINGHAM, 


Mr. G. Rogers : The paper is extremely useful at 
the present time, owing to the fact that many wireless 
amateurs have been dabbling with the matter for some 
time with, in many cases, extraordinary effects owing 
to the use of condensers and inductance of wrong values. 
Further, manufacturers of this apparatus have been 
endeavouring for a considerable period to devise suit- 
able eliminators to meet the varying conditions which 
exist, particularly on d.c. supplies. The analysis made 
by the authors of the conditions to be met with the 
various values of condensers and reactances to obtain 
the best results should, therefore, be of great value. 
From a theoretical point of view it is comparatively 
easy to calculate the values required, but if apparatus 
is made to meet the theoretical values it becomes very 
costly. The design, therefore, of this apparatus neces- 


sarily means a compromise between electrical efficiency ' 


and cost. Considerable difficulties have been experi- 


+ 


8 000 
ohms 


Four 20-watt } 
lamps in series 


- Fig. A. 


enced in designing suitable apparatus to eliminate the 
ripples in d.c. circuits supplied from mercury-arc 
rectifiers. 1 understand, however, that this has proved 
a comparatively simple matter as the frequency of the 
ripple is a definite quantity, being generally 150 cycles 


per second. Fig. A gives some values which have been : 


found to be satisfactory on such a circuit. 1 feel that 
it is generally much more satisfactory to use batteries. 
Wet high-tension batteries can now be obtained: which 
require re-charging, say, every 3 months. Perfect 
reception can be obtained by this means and complete 
freedom can be assured by keeping the wireless receiver 
entirely separate from the d.c. supply mains. Where 
a d.c. supply is available in the house it is a fairly 
simple matter to arrange to charge accumulators at a 
comparatively low cost. j | 

Prof. W. Cramp: In the course of their paper the 
authors state that an eliminator deals more satisfac- 


torily with a.c. disturbances than with those due to 7 


commutation. Yet at the same time they declare that 
if low-frequency irregularities can be eliminated we need 
not worry about those of higher frequency. These 
assertions seem to me to be contradictory, inasmuch as 
the troubles that arise from commutation or rectification 


* Paper by Messrs. P, R. Coursey and H. ANDREWES (see vol. 65, p. 705). 
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have usually a higher frequency than 50. With dei 
to the system of measurement which is suggested in 
connection with eliminators, the authors’ tests do not 
seem to me to be satisfactory, for the following reason. 
When a small alternating current at a pressure of 6 volts 
is applied to an eliminator, the condition of the choking 
coils is entirely different from that which obtains when 
the same ripple is imposed upon a much larger constant 


| current. From tests made at the Birmingham Univer- 


sity, the self-induction of a coil under the former 
conditions might be as much as 30 henrys, but under 
the latter conditions it would be reduced very consider- 


| ably, sometimes to 10 per cent of its previous value. 


This means that the fundamental natural period of the 
eliminator is shortened very much, so that while it 
might appear to be satisfactory under the test proposed 
it might be quite unequal to the conditions which arise 
in practice. With regard to the use of eliminators on 
circuits fed by arc rectifiers, our experience is that no 
very special precautions are necessary. I believe that 
the disturbances which are usually attributed to the 
eliminator are due to other causes entirely. Some of 
these would be avoided by shielding the detector, as the 
authors have suggested, and, if this is not sufficient, 
shielding the rest of the apparatus would probably result 
in the remaining difficulties being overcome. It Seems 
certain that such troubles as do occur are due either to 
variation of the grid potential of the detector or to 
pick-up in other parts of the set, but there may be 
something in the contention that on a 3-wire system 
the potential of the middle wire, on an arc rectifier, 
does vary. On the whole, d.c. circuits supplied from 
arc rectifiers do not cause nearly so much disturbance 
as has been suggested in the course of the discussion. 
Mr. E. A. Watson: There are one or two points I 
should like to raise in connection with the shielding of 
battery eliminators and smoothing circuits, more parti- 
cularly as no mention of this has been made in the paper, 
and as it has a certain bearing on the question which 
has been referred to by Prof. Cramp and other speakers, 
viz. the fact that although it is theoretically much easier 
to smooth out a high-frequency ripple, such as may 
exist on a d.c. circuit, than the comparatively low- 
frequency one which is found on an a.c. supply, in 
practice the reverse is frequently found to be the case. 
I can certainly, from my own experience, corroborate 
this statement. In designing smoothing circuits for use 
with small motor-generator sets we have frequently had 
far more trouble with the high-frequency ripple than 
with the lower frequencies. Theoretically, of course, 
the reduction factor of a smoothing circuit and the ratio 
of the impressed voltage to the voltage at the delivery 
end are at frequencies substantially higher than the 
resonant frequency given by the product w*LC, so that 
one would expect the efficiency of the smoothing circuit 
to increase very rapidly indeed as the frequency rose. 
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The fact that one frequently gets cases where a smoothing 
circuit is not effective in entirely eliminating some of 
the high-frequency noises associated with bad commu- 
tation is due, I think, to the fact that these higher 
frequencies do not pass through the smoothing circuit 
in the ordinary manner. At these frequencies the self- 


capacity of the choke winding undoubtedly enters into 


consideration, the ripple passing electrostatically through 
the choke, instead of electromagnetically. In addition 
there is, I believe, frequently trouble due to radiation 
from leads at one end of a smoothing circuit being 
picked up either by the leads at the other end or by 
some portion of the set itself. Again, electromagnetic 
radiation and also to a certain extent electrostatic 
radiation may occur from the smoothing circuit, and it 
may be intercepted by the set, or the wiring, giving rise 
to noises. The air-gap choke, if badly designed, may 
easily radiate electromagnetically to a very appreciable 
extent, and I should like to ask the authors to what 
extent they have found it necessary, or advisable, to 
provide screening on their apparatus. In cases where 
actual sparking has occurred at the brushes of small 
machines, I have had proof of the existence of radiated 
and intercepted ripples corresponding to wave-lengths 
of only a few inches. Such ripples are, of course, 
extremely difficult to deal with, as it is very difficult 
to obtain any form of earthing which can satisfactorily 
get rid of them. Probably some of the cases of trouble 
due to refrigerator motors and other apparatus of similar 
description working in the neighbourhood of receiving 
sets are caused by radiation and interception of this 
description. Screening of the receiving set is a palliative 
to a certain extent, but the better way, when it can be 
done, is to screen the apparatus which gives rise to the 
radiation, and to prevent any radiation from wires 
connected to it, by placing suitable condensers across 
the terminals. 

Mr. R. H. Rawll: The introduction of wireless 
apparatus drawing power from public mains has pre- 
sented several new and curious problems to supply 
engineers. For instance, requests are often made to 
connect new consumers, who are also wireless enthusi- 
asts, to the positive outer of a 3-wire d.c. system. From 
the point of view of balance on the network this is not 
always possible. Theoretically there does not seem to 
be any reason why a set should not function equally 
well on either the positive or negative outers, but in 
practice the positive invariably gives better results. 
Perhaps the authors can throw some light on this point. 
Again, the hum and interference often experienced when 
battery eliminators are operated from supply mains are 
usually put down to the commutator ripple of the 
generating or converting plant. That this is not always 
the case is shown by the following incident. A firm 
concerned with the manufacture of wireless apparatus 
was troubled with a very decided hum when using a 
d.c. supply from the mains for testing their sets. This 
noise was only present between the hours of 8 a.m. and 
12.30 p.m. and again from 1.30 p.m. to 5.30 p.m. This 
seemed to imply that the interference was caused by 
some works or factory whose motors were only running 
during these particular times. With the permission of 
the owners each works connected to the same distributor 


was shut down momentarily in turn during the above 
hours, in order to attempt to loeate the cause of the 
trouble, but without success. The cause was obviously 
a motor, in all probability a considerable distance away, 
sparking badly at the commutator, and thereby injecting 
on to the supply mains a harmonic, the effect of which 
was being felt over the whole network. The authors 
have also shown that with a certain combination of 
values of capacity and inductance the hum experienced 
may often be caused by the wireless apparatus itself. 
Thus the supply undertaking is not always to blame. 
Given a well-made set with all bare terminals enclosed 
there is very little risk of a dangerous shock when 
using the supply current. It is common knowledge, 
however, that the majority of home-made sets have 
many exposed terminals, some of which under these 
conditions will be at practically the full supply pressure, 
while others will be at earth potential—a truly dangerous 
state of affairs. Few people realize that if the supply 
cable is connected to the negative outer of a 3-wire 
system, in the majority of cases the aerial, and conse- 
quently the lead-in, are at a considerable pressure to 
earth. This, of course, can be entirely obviated either 
by placing a suitable condenser in series with the lead-in 
terminal or else completely isolating the set from the 
aerial circuit by indirect coupling. In order to prevent 
earthing of the supply mains the authors state that a 
condenser can either be placed between the earth lead 
and the set or else incorporated in the eliminator 
apparatus, as desired. To my mind this is not definite 
enough. Even if a condenser is incorporated in the 
eliminator, in numerous cases its effect is neutralized 
by the earth terminal on the set itself being connected 
directly to earth by means of the usual earth wire. 
The most dangerous part of the average receiving set 
is, in my Opinion, the wiring to the loud-speaker. As 
long as this is carried out with standard supply voltage 
flexible cords and treated in the same manner as other 
domestic electrical appliances, no trouble is likely to 
occur. But often one sees any odd scraps of wire with 
doubtful insulating properties, loosely twisted together, 
serving for this purpose. I have often seen in newly- 
built houses loud-speaker plug-points fixed in each room, 
the wiring to which has been carried out with ordinary 
bell or telephone wire. These wires may present very 
little danger when an ordinary high-tension battery is 
employed, but when connected to the supply mains 
the possible results can be easily imagined. Several 
small fires, to my knowledge, have occurred from this 
cause. This risk can be obviated by using a double- 
wound transformer, or by suitable condensers inserted 
between the set and the loud-speaker flexible cord. 
I am of the opinion that a double-pole switch and fuses 
should be incorporated in every eliminator. The double- 
pole switch is necessary because, since supplies are 
usually taken from a local circuit controlled by an 
ordinary single-pole tumbler switch, one cannot always 
be certain that such a switch is inserted in the “ live” 
side, and hence there is a risk of a full potential to earth 
being present on the set, even when this switch is in 
the “off” position. In like manner, eliminators are 
often connected to plug-sockets which may also serve 
radiator circuits with comparatively heavily-rated fuses 
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of the order of 20 amperes’ blowing capacity behind them. 
Therefore, it is very desirable that a light pair of fuses 
be built in as an integral part of the eliminator. 
Messrs. P.R. Coursey and H. Andrewes (in reply) : 
One of the chief features of the discussion has concerned 
the use of battery eliminators on rectified a.c. circuits. 
We have received many expressions of opinion on this 
matter not only in connection with this meeting but on 
many other occasions. The majority of such opinions 
condemn vigorously the use of mercury-arc rectifiers 
from this point of view, and emphasize the impossibility 
of obtaining satisfactory results from such a circuit. 
Others are equally emphatic about the good results that 
are obtainable. It appears to us that, apart from the 
obvious necessity of first providing an adequate and 
efficient filtering system, the situation is complicated 
by the pulsations which apparently occur in the potential 
of the neutral main, coupled with the excessive radiation 
which probably occurs from the house wiring carrying 
the normal (and pulsating) currents from the mains. 


” Since part at least of such radiation must arise from 


flexible cords and other unshielded parts of the circuit, 
adequate screening of the receiver and, particularly, 
of the detector valve provides the only possibility of 
removing this part of the disturbance. 

With regard to the circuit constants referred to by 
Mr. Rogers, these are generally similar to what we 
should have expected, in view of the frequency of the 
pulsations. The success or otherwise of the circuit 
using these components will, however, depend largely 
upon the design of the choke coils, since, as Prof. Cramp 
has rightly pointed out, the effective inductance of these 
coils depends upon the magnitude of the direct current 
flowing through them. The extent to which the induct- 
ance will change with such flow will obviously depend 
upon the design of the choke itself. The amount of 
air-gap (if any) is important, and, further, the choke is 
, preferably constructed with an iron core of large section. 
Of two chokes of equal inductance, one with a large- 
section core and few turns, and the other with a smaller 
section and more turns, the former will show less induct- 
ance change than will the latter, since for a given direct 
current the magnetizing ampere-turns will be fewer in 


the former case and the core will be further from satura- 
tion. The magnitude of this effect on the performance 
of any given filter system can fairly easily be gauged by 
using the same arrangement of apparatus that we 
described, with the addition of means to pass various 
known currents through the inductance windings. This 
it is possible to do without impairing the sensitive- 
ness of the method or modifying the filter character- 
istics (by the additional apparatus) to any appreciable 
extent. 

We cannot agree with Mr. Rawll's statement that 
theoretically a set should work equally well on the 
positive or negative main of a 3-wire system, unless a 
proviso is added that the entire receiving set is com- 
pletely enclosed in an electrostatic shield connected to 
the zero radio-frequency potential point of the set, 
namely, the valve filaments. If this is not done, there 
will necessarily be some pick-up of noises from the 
mains by the receiver. Screening of the detector valve 
will, however, frequently remove the bulk of the trouble. 
We certainly agree that motors and generators are by no 
means the only offending apparatus connected to supply 
mains. Electric signs and “ violet-ray ’’ apparatus are 
also both very troublesome as a rule. 

The use of an earthing condenser incorporated in the 
eliminator itself is commonly adopted, since the majority 
of receiving sets do not include such a condenser. 
Unfortunately, there is not in this country any licensing 
or similar authority who can licence or certify radio 
apparatus as suitable for use on supply mains. The 
I.E.E. Wiring Regulations form the only guide as to 
procedure, and the special requirements of this class of 
apparatus are being considered by the Wiring Regula- 
tions Committee of the Institution, who will doubtless 
issue special regulations in due course. 

The fitting of a fuse to the eliminator apparatus is of 
doubtful utility, as it provides no protection for the 
flexible cord, which is probably the most vulnerable 
part, while the internal resistance of the choke windings 
in the eliminator is so high that complete short-circuiting 
of the output terminals, or their connection to earth, 
would generally pass too small a current to blow any 
practicable form of fuse. 
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Simon, Horace Francis. 

Thwaites, Richard Alan S., 
B.Sc.(Eng.). | 

Whitgift, Mark. 


Graduate to Associate Member. 


Allcock, Harold John, 
B.Sc.(Eng.). 

Andrew, John Cardwell P., 
B.Sc. 

Andrewes, Humfrey, B.Sc. 


(Eng.). 

Aspinall, Henry Turner,- 
B.Sc. 

Barclay-Smith, Edward 


Alan, Capt., R.E. 
Bregazzi, Percy. 
Carter, Henry Edmond D. 
Chang, Si Yung, M.Sc. 
Charlton, Howard Cun- 
ningham. 
Chase, Stephen Hayter. 
Clarke, Arthur Roy. 
Cooper, Andrew Ramsden. 
Corkett, John Frederick 
L., B.Sc.(Eng.). 
Coulthard, William Bar- 
wise, B.Sc.(Eng.). 
Davies, Charles Morgan. 


de Boissiere, Eugene 
Ernest M. 
Desai, Becharbhai Puru- 
shotamdas. 
Dunn, Charles Trevor, 
B.Sc.(Eng.). 


Edmonds, Peter Leonard. 

Farrow, Reginald Henry M. 

Fitzsimmons, Arthur. 

Flemons, Sidney. 

Forrester, James Shannan. 

Freeborn, Frederic Victor, 
B.Sc.(Eng.). 

Gogan, James. 

Hill, Wilfred. 

Hoban, Hugh Charles. 


Howell, Arthur Hendrick 
L, 

Ibeson, Willie. 

Kelly, Bruce, B.A. 

Kelly, Maurice James. 

King, William Houston. 

Manighetti, Augustus. 

Mather, Gilbert, B.Sc.Tech. 

Middlemiss, Reginald 
George. 

Mooney, Allan McLeod. 

Morris, Richard Percy. 

Morton, Charles Albert, 
B.Sc.(Eng.). 

Nuttall, Edgar Moorehouse. 

Ockenden, Francis Ed- 
mund J. 

Omar, Sidiqi Mohamed. 

Parker, John Bruce, B.A. 
Sc. 

Parkin, Geoffrey William, 
M.Eng. 

Paton, Allan Park, B.Sc. 

Perkins, James William. 

Phoenix, William. 

Pillans, James Pritchard S. 

Puckle, Owen Standidge. 

Rau, Karkul Madhava, 
B.Eng. 

Reuben, Enoch Abraham. 

Schmidt, Alfred Ernest, 
B.E. 

Scroggie, Marcus Graham, 
B.Sc. 

Shepherd, George Ray- 
mond, B.Sc.(Eng.). 

Trimen, Alfred Edwin. 

Voelcker, John Westgarth, 
B.Sc.(Eng.). 


Student to Associate Member. 


Arman, Adrian Neville, 
B.Sc.(Eng.). 

Ashdowne, Herbert Arthur, 
B.Sc.(Eng.). 


Badham, Leonard Hulford 
L. 


Baker, Eric William. 

Ball, Eric Theodore R. 

Barrett, George Edward, 
B.Sc.Tech. | 

Beck, William Llewellyn. 

Bennett, Harold John. 
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Student to Associate Member—continued. 


Cavill, Richard. 

Chanter, Arthur John, 
B.A. 

Davey, Edward Leslie, 
B.Sc.(Eng.). 

Double, Hugh Stanley, 


B.Sc.(Eng.). 
Eccles, Josiah, B.Sc. 
Evans, William Freeman. 


Field, Douglas Conan, 
B.A. 

Foden, Arthur Moore, 
B.Sc.Tech. 


Gamage, Joseph Edmund. 

Green, Douglas Eustace. 

Gripper, Henry Jasper, 
B.Sc. 

Harris, Lionel Herbert. 

Hopkins, Ronald Edwin, 

- BSc. 

Hvistendahl, Herbert Sel- 
wyn, B.Sc.(Eng.). 

Hunt, Maurice Stanley H., 
M.Sc. 

Jewell, Edward Horace T. 

Jones, John Edward, B.Sc. 

Kieran, Charles Stephen, 
B.Eng. 

King, Arthur John, B.Sc. 
Tech. 

Kipping, Norman Victor. 

Lennox, Edward Cecil. 

Logan, Edward Alexander, 
M.Sc. 

Macqueen, Eric Nottage. 

Manning, Charles Joseph. 

Marriage, William Frank, 
B.Sc.(Eng.). 


Matthews, Richard Cyril. 
Parrott, Frank Gordon, 


M.Eng. 
Peacock, John Vernon, 
B.Sc.(Eng.). 


Pennell, Edward Robert- 
son. 

Rantzen, Henry Barnato, 
B.Sc.(Eng.). 

Rendall, Arthur Reginald 
A., B.Sc.(Eng.). 

Robins, John Henry B., 
B.Sc.(Eng.). 

Samuelson, Hugh Melvin. 

Sandeman, David Grant, 
B.Sc.(Eng). 

Sands, Wilfred Frank. 

Savage, John Henry. 

Say, Maurice George, 
Ph.D., M.Sc. 

Schofield, Wallace. 

Starling, Philip Percy. 

Thornton, David Martin, 
B.Sc. 


Turney, Trevor Hugh, 
Ph.D. 
Turton, Harold John, 
M.Sc. 


Wade, Cecil Crosby H. 

Walker, William Kennedy 
M. 

Watts, Arthur James C. 


Wilmotte, Raymond 
Maurice, B.A. 

Wilson, Charles Alfred, 
B.Sc. 

Wyatt, Bernard Bullen, 
B.Sc. 


Student to Graduate. 


Aiken, Leslie James C. 
Allsop, David. 
Alston, Basil Evelyn. 
Ashour, Ahmed Ahmed, 
B.Sc.(Eng.). 
Austin, Cyril. 
Barnard, Howard Lucas, 
B.E. 
Barnes, Richard Wynne. 
Bealing, Ernest. 
Beaufoy, Samuel, 
(Eng.). 
Bennett, Henry Percy. 
Bennett, Leslie. 
Binns, Joshua William. 
Bintley, Bryan Noel. 
Bogie, Andrew. 
Bridgman, William 
Edward. 
Bromley, Frank Guy, B.Sc. 
(Eng.). 
Bryan, Leslie William. 


B.Sc. 


Bush, Alfred John. 
Buxton, George Edward. 
Byrne, Francis. 

Cameron, Thomas Tennant. 
Campbell, Duncan. 


Chakravarti, Nripendra 
Nath. 
Chapman, Robert Fred- 
erick. 


Chase, John Joseph. 

Clarke, Edgar Valentine. 

Cogle, John Edmund T., 
B.Sc.(Eng.). 

Cooke, Conrad Reginald. 

Cooke, Ralph. 

Cornwell. John Christopher, 
B.Sc.(Eng.). 

Cosgrove, Alfred Owen, 
B.Sc. 

Coupland, Leonard 
Frederick. 

Craig, Daniel. 
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Student to Graduate—continued. 


Creighton, William Alex- 
ander L. 

Crocker, Walter Albert. 

Daniel, Robert Richard. 

David, Ronald Paul, B.Sc. 

Davidson, George. 

Davies, Evan David J. 

Davies, John Neville, B.Sc. 

Davies, Pendry George. 

Dew, William Evelyn. 

Dixon, Herbert Edward. 

Dobson, Cecil Michael. 

Dodman, Edward John. 

Dommisse, David Rowell. 

Dootson, James. 

Driscoll, Leo Frederick A. 

Easton, William Ronald. 

Edwards, Alec Felix. 

Edwards, Cecil Herbert L. 

Elsom, Leonard Ernest. 

Evans, Alan Wainwright, 
B.Eng. 

Eunson, John, B.Sc. 

Fehr, Douglas. $% 

Fleming, John Gavin, B.Sc. 
(Eng.). 

Foulkes, Heber Rees. 

Freeman, Charles Fred- 
erick, B.Sc.(Eng.). 

Gee, Donald William. 

Gerard, Arthur Geoffrey L. 

Giles, Cecil. 

Gillett, James 
B.Sc.Tech. 

Glendinning, William. 

Godden, William Fenwick, 
B.A. 

Goodwin, Douglas Ahearn, 
B.Eng. 

Graham, Malcolm Taylor, 
B.Sc.(Eng.). 

Greatorex, John Lowe. 

Green, Thomas Edward. 

Grubb, Edward Joseph, 
B.Sc. 

Haddock, Alfred, B.Sc. 

Hale, Robert Mathew. 

Hambridge, Cecil James. 

Hampson, William Per- 
cival. 

Hanney, Eric Adie, M.Eng. 

Harper, Cecil Thomas A. 

Harris, Arthur Cornfield. 

Hart, Daniel. 

Hazel, Henry. 

Henderson, Douglas Hed- 
ley P. 

Hendry, Alexander Wood, 
B.Sc. 

Hodson, Donald Arthur P. 

Hogan, John Ross E. 

Hope, David Douglas W. 


Keith, 


- Howarth, Thomas. 


Howitt, Dudley Herbert. 

Howson, Frank. 

Humphrey, Edward Frank. 

Humphries, Lawrence 
Milton. 

Hutchen, Alan Frank. 

Irwin, Arthur Edward. 

James, Eric Edward. 

Jenner, Clifford George. 

Jones, John Cyril. 

Keens, John Ernest A. 

Kirkby, Lionel John N. 

Klein, Moie. 

Knight, Arthur Digby, 
B.Sc. 

Knight, Eric Richard, 
B.Eng. 

Land, James Edward. 

Lipscomb, Robert, B.Sc. 

Lockton, Cedric Phillips, 
M.Sc.Tech. 

Loustalan, Jules Joseph V. 

Lowe, Alexander McLeay. 

Macalister, Alexander 
Frederick. 

McEwan, Ronald Grant. 

McKechnie, Alan Francis 


C., B.E. 
Mackenzie, Ian, B.Sc. 
Mansbridge, Francis 
Robert J. 


Martin, Norman Hadlow. 
Matthews, Leslie Albert. 
Mayo, Charles Gilbert, 
M.A., B.Sc. 
Miller, Thomas Taverner. 
Miller, William Henry. 
Minchin, Cecil William H. 
Murgatroyd, Eric Hall. 
Noel, Roger Joseph, B.Sc. 
(Eng). 
Ormerod, William Pass. 
Ostler, Edwin Charles. 
Outram, Frederick Colin. 
Owen, Clive William. 
Padgett, George Thomas. 
Partridge, Norman George 
R., B.Sc.(Eng.). 
Patel, Jashbhai Govindbhai. 
Paton, Edgar. 
Pattison, Robert Raine. 
Paul, Stanley Walter. 
Pearce, Arthur George. 


Pearson, George Lincoln, 
B.Sc.(Eng.). 

Penstone, Walter St. 
George. 


Perret, Louis Bryan. 
Phillips, John Douglas N. 
Phillips, John William. 
Philpott, Stuart Fred. 
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Student to Graduate—continued. 


Prangnell, Frank Norman. : 


Price, Arthur John. 

Price, Joshua Marshall. 

Pritchard, Eric, B.Sc.Tech. 

Pryce-Jones, Hubert. 

Ralph, Tom. 

Randall, Roland. 

Read, James Percy H. 

Reading, John, B.Sc.(Eng.) 

Rentoul, Richard Laurence. 

Rigg, Robert. 

Roberts, John Hughes. 

Roscoe, William. 

Ryan, Patrick Leo. 

Sackey, Ebenezer Amos. 

Sanderson, Donald Hector 
S. 

Sayers, Arthur Joe. 

Scott, Robert. 

Sen, Rajani Kumar, B.Sc. 

Sharma, Ilam Chand, 
B.Sc.Tech. . 

Shearer, James, B.Sc. 

Shearer, Robert Edgar P. 

Shires, George Eric. 


Short, Oswald Williams. 

Simpson, Norman George. 

Sims, Ronald John. 

Slater, Kenneth Algernon 
H. 

Smith, Arthur Henderson. 

Smith, Wilfrid Cyril. 

Spindler, Arthur Hardman, 
B.Sc.Tech. 

Statham, Basil Fielding. 

Steadman, Eric. 

Stephens, Arthur Reginald 
H. 

Stott, John Chadwick, 
B.Sc.Tech. 

Stringfellow, Douglas. 

Strong, Albert Edward, 
B.Sc.(Eng.). 

Taylor, David Bruce, B.Sc. 
(Eng.). 

Thacker, Maneklal Sankal- 
chand, B.Sc. 

Toms, William Harold. 

Topligg, Maurice Joseph. 

Tracey, William Thomas. 


Student to Graduate—continued. 


Traynier,Maurice Anthony. 
Tyacke, Nicholas Arthur. 
Underdown, John. 
Underwood, Ronald Her- 
e bert. 
Urwin, Cecil Roland. 
Varley, Robert. | 
Walker, William Gordon. 
Ward, Leslie Edward. 
Warman, Arthur Charles. 
Webb, John Krauss, M.Sc. 
. (Eng.), B.Sc.Tech. 
Wells, John Spencer. 
Welsford, Douglas. 


Weston, Gordon, B.Sc. 
(Eng.). | 
Wethered, Harold Edmund. 
Whiting, Henry George. 
Wild, Frank. 
Wilkinson, 
Edward. . 
Williams, George Edward. 
Wilson, Henry Christopher. 
Winnard, Ronald. 
Woodcock, Vincent. 
Zambardas, Michael Deme- 
trios. 


Thomas 


The President announced that the Council had 
decided to make the seventh award of the Faraday 


Medal to Dr. 
Member. 


J. A. Fleming, 


F.R.S., Honorary 


A paper by Mr. W. Ellerd-Styles, Member, en- 
titled ‘‘-Large Electric Baking Ovens ” was read and 


discussed. 


On the motion of the President a vote of thanks to 
the author was carried with acclamation, and the meeting 


terminated at 7.40 p.m. 


767114 ORDINARY MEETING, 2np FEBRUARY, 1928. 


Mr. Archibald Page, President, took the chair at 
6 p.m. | 
The minutes of the Ordinary Meeting held on the 


19th January, 1928, were taken as read and were con- 


firmed and signed. 

A portrait in oils by Mr. George Harcourt, R.A., of 
Mr. Ll. B. Atkinson, Past-President, was presented to 
the Institution on behalf of the Cable Makers' Associa- 
tion by Mr. Ernest Leete, Chairman of the Association, 
and was gratefully accepted on behalf of the Institution 
by the President. Mr. Atkinson also spoke. 

The following list of donors to the Library was taken 
as read, and the thanks of the meeting were accorded 
to the donors. | 

Donors to the Library.—Commander R. Appleyard, 
O.B.E., J.P., R.N.V.R.; Association of British Engineers 
in the Argentine; Association of Supervising Electrical 
Engineers; O. H. Baldwin; Messrs. E. Benn, Ltd.; 
A. R. Bennett; British Electrical and Allied Industries 
Research Association; British Engine, Boiler and Elec- 
trical Insurance Co., Ltd.; British Engineering Standards 
Association; Messrs. Caxton Publishing Co., Ltd.; 
Messrs. Chapman and Hall, Ltd.; A. E. Clayton, D.Sc.; 
Comité International des Tables Annuelles de Con- 
stantes et Données Numeriques; Messrs. Constable and 
Co.; W. Roylands Cooper; Messrs. Crosby Lockwood 
and Son; Department of Scientific and Industrial 
Research; G. E. Draycott; A. B. Eason, M.A.; Electric 
Supply Authority Engineers’ Association, N.Z.; Electrical 
Contractors’ Association (Inc.); Electrical Review, Ltd.; 
Electricity Commissioners; Engineering Tools, Ltd.; 


Captain F. Farina, 1.R.N.; Federation of British Indus- 
tries; Dr. J. A. Fleming, M.A., F.R.S.; E. Garcke; 
Home Office; W. S. Ibbetson, B.Sc.; India, Posts and 
Telegraphs Department; E. L. Ingram; Institution of 
Engineering Inspection; Institution of Engineers-in- 
Charge; P. Kemp, M.Sc.; S. H. Long, D.Sc.; Messrs. 
Longmans, Green and Co., Ltd.; Sir Charles W. Macara, 
Bart.; J. W. Meares, C.I.E.; Mines Department; F. 
Nalder; National Electric Light Association; New York 
Public Library; Oxford University Press; C. S. Page; 
Prof. P. O. Pedersen; Messrs. Sir Isaac Pitman and 
Sons, Ltd.; Messrs. Rentell and Co., Ltd.; Captain H. J. 
Round, M.C.; Royal Society; Schweizerischer Elektro- 
technischer Verein; Science Museum, South Kensington; 
J. Scott-Taggart; H. J. Shelley; Signals Experimental 
Establishment, Woolwich; Dr. S. P. Smith; Society of 
Motor Manufacturers and Traders; H. G. Solomon; 
Messrs. E. and F. N. Spon, Ltd.; W. T. Taylor; Union 
des Syndicats de 1'Electricité; University Tutorial Press, 
Ltd.; W. Wilson, M.Sc., B.E.; C. H. Yeaman. 


A. list of candidates for election and transfer, approved 
by the Council for ballot, was also taken as read and 
was ordered to be suspended in the Hall. 


A paper by Mr. H. B. Poynder, Member, entitled 
“Some Practical Considerations in the Design of Auto- 
matic Equipments for Heavy Traction Substations,” 
was read and discussed. | 

On the motion of the President a vote of thanks to 
the author was carried with acclamation, and the 
meeting terminated at 8 p.m. 
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George Montefiore Prize, 

The next award of the above prize will be made in 
1929, the value of the prize on this occasion being 
29 000 francs. The last date for the receipt of papers, 
which can be in English or French but must have been 
prepared within the last three years, is the 30th April, 
1929. Full particulars can be obtained from the Secre- 
tary, Association des Ingénieurs Electriciens sortis de 
L’Institut Electrotechnique Montefiore, 31 Rue Saint 
Gilles, Liége, Belgium. 


Informal Meetings. 
97TH INFORMAL MEETING, 9TH JANUARY, 1928. 


Chairman : Mr. W. Lang. 

Subject of Discussion : ** Portable Power Appliances ” 
(introduced by Mr. A. E. Loe). 

Speakers : Messrs. J. F. Shipley, W. E. Rogers, A. F. 
Harmer, J. R. Bedford, A. E. Morgan, W. A. Erlebach, 
E. S. Ritter, W. L. Wreford, E. J. Reed, W. Lang. 


98TH INFORMAL MEETING, 23RD JANUARY, 1928. 


Chairman : Mr. M. Whitgift. 

Subject of Discussion: “ Power Factor Correction ” 
(introduced by Messrs. C. S. Buyers and E. W. Dorey). 

Speakers : Messrs. W. E. Rogers, J. Coxon, W. A. 
Erlebach, A. F. Harmer, L. F. Fogarty, W. E. Highfield, 
E. S. Ritter, C. D. King, J. F. Shipley, E. O. Taylor, 
J. R. Bedford, A. Wright, C. W. Marshall, T. O. K. 
Wylie, J. F. Perrin, R. T. Park. 


99TH INFORMAL MEETING, 6TH FEBRUARY, 1928. 


Chairman : Mr. E. S. Ritter. 

Subject of Discussion: “ Domestic Water Heating ” 
(introduced by Mr. F. Selley). 

Speakers : Messrs. H. J. Neill, H. T. Young, W. A. 
Gillott, R. J. Hebbert, T. Settle, T. O. K. Wylie, C. H. D. 
Lang, F. de Lautour, W. Lang, T. J. Sack, E. Eaves, 
C. H. Smith, W. A. Talbot, J. R. Bedford, A. G. Hilling, 
R. Grierson, R. C. Graseby, E. S. Ritter. 


100TH INFORMAL MEETING, 20TH FEBRUARY, 1928. 

Chairman : Mr. J. F. Shipley. 

Subject of Discussion: “ Boiler Plant ” (introduced 
by Mr. L. M. Jockel). 

Speakers : Messrs. W. A. Erlebach, S. B. Jackson, 
R. W. Mountain, A. Johnson, F. Squirrell, C. W. Marshall, 
L. W. Stretton, J. F. Shipley, J. W. Fraser. 


10lst INFORMAL MEETING, 27TH FEBRUARY, 1928. 


Chairman : Mr. F. Pooley. 

Subject of Discussion : “* 132 000-volt Cables ” (intro- 
duced by Mr. L. Emanueli). 

Speakers: Mr. P. Dunsheath, O.B.E., M.A., Major 
A. M. Taylor, Messrs. T. N. Riley, G. L. Addenbrooke, 


J. Morton, S. W. Melsom, W. E. Highfield, J. E. Stewart, 
F. Richardson, H. A. Ratcliff, E. Bowden, D.Sc., R. 
Orsettich, W. H. Edridge. 


102ND INFORMAL MEETING, 19TH Marcu, 1928. 


Chairman : Mr. R. A. Brockbank. 

Subject of Discussion: “' The Registration of En- 
gineers ” (introduced by Mr. W. A. Erlebach). 

Speakers: Messrs. W. E. Rogers, W. J. Minton, J. 
Eck, A. Morgan, W. Day, A. G. Hilling, J. F. Shipley, 
A. S. E. Ackermann, F. C. Knowles, E. W. Moss, W. 
Láng, M. Whitgift, A. J. N. Kennett, J. McLellan, 
R. A. Brockbank, W. Lunn. 


103RD INFORMAL MEETING, 16TH APRIL, 1928. 


Chatrman : Mr. M. Whitgift. 

Subject of Discussion : ‘‘ Wireless Reception ” (intro- 
duced by Mr. E. H. Shaughnessy, O.B.E.). 

Speakers: Messrs J. 1. Bernard, A. G. L. Mason, 
W. A. Erlebach, W. Day, R. H. Billingtry, W. B. Clarke, 
A. J. Gill, E. W. Braendle, R. Grierson, J. R. Bedford. 


The Benevolent Fund. 
The following is a list of the Donations and Annual 


Subscriptions received during the period 26 March- 
25 April, 1928:— 


£ s. d. 
Adcock, F. W. D. (Rickmansworth) .. ki 5 0 
Allan, J. E. (Birkenhead) = T Si 10 0 
Ambrose, G. S. (Calcutta) .. ss P 10 0 
Andrews, L. (Pinner) .. ve NR ua 10 6 
Apthorpe, W. H. (London) vi .. 210 0 
Arnold, M. H. (Hong-Kong) .. da ae 10 0 
Ashley, W. H. (Poona) i i .. 100 
Ball, W. C. D. (Singapore) .. pa a 5 0 
Barkwith, S. (London) T yi we 4 6 
Batt, F. H. (Hollinwood) ae ee ia 5 0 
Bayles, E. A. (Warrington) 210 0 
Bell, J. H. (West Wickham) .. ee 2 6 
Bevan, C. G. (Dynas Powis, Glam.) .. 5 0 
Binyon, B. (London) x 3 3 0 
Booth, F. (Lobitos, Peru) 10 0 
Bose, L. C. (Srinagar, India) .. 5 0 
Bowden, J. R. J. (London) 5 0 
Brockbank, R. A. (London) 2 6 
Brown, C. A. C. (Oxford) 5 0 
Brown, J. (Edinburgh) 5 0 
Brown, R. C. (Preston) 5 0 
“ Buggins ” (Cairo) > 5 0* 
Burgess, P. J. (Birmingham) .. 5 0* 
Butler, C. F. (Glasgow) 10 0 
Calver, R. F. I (Pembroke Dock) 2 6 
Campbell, R. G. (Liverpool) .. e 10 0 
Carnegie, H. S. (Stafford) 7 6 


* Annual Subscriptions. 
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Charles, D. S. (Swansea) 
Clotworthy, S. E. (London) 
Coe, G. D. (Hereford) . 

Collard, H. W. (Denham, Bucks 
Collins, A. (London) 
Collins, W. (Bristol) 

Corkill, W. A. (Penang) 

Croft, C. P. (London) .. 

Croft, H. B. (Hednesford)  .. 
Cusworth, J. (Whitley Bay) .. 
Damsell, R. F. (Gloucester) 
Davey, C. F. (Liverpool) ¿ 
Davids, W. da F. B. (Sáo Paulo) 
Dawson, A. E. (Sheffield) 
Dransfield, T. (Leeds) .. 
Duerdon, T. (Leeds) 

Earle, J. B. (Neweastle-on-Tyne) 
Eccles, E. E. (London) 

Evans, R. (Llwynypia, Glam.) 
Everest, A. R. (Rugby) 
Farmer, A. E. (Birmingham) .. 
Flemons, S. (Shanghai) 

Forrest, F. (Birmingham) 
Francis, F. H. (Oxford) 
Freedman, P. (London) 
Freeman, J. G. (London) 


Gallon, W. A. (Billingham-on-Tees) .. 


Gaskell, J. L. (Leicester) 
Gilliver, S. F. J. (Manchester) 
Goodier, W. R. (Preston) 
Green, H. (London) .. 
Haward, F. N. (London) 
Hayat, M. (Sialkot, India) 
Hodgson, A. J. (London) 
Horsfall, L. A. (Birmingham) 
Hoult, H. (Sheffield) 

James, S. (Birmingham) 
Jamieson, C. D. (Preston) 
Jarvis, W. (Colombo) .. 
Jollifte, V. N. (Penarth) 
Jolly, E. E. (St. Helens) 


Jones, D. W. G. (Birkenhead) 


Kelso, J. C. (Glasgow) 

Kerr, A. N. D. (London) 
Kerr, D. R. oo is 
Kettle, L. J. (Dublin) . 

Kirby, C. C. (Salford) . 

Kishk, M. M. (Rosetta, Egypt) 
Kitchen, H. (London) . $ 
Kitson, W. (Hampton) 
Lamerton, H. (Calcutta) 
Lawson, W. (Birmingham) 
Lewis, F. M. (Sheffield) 
Lingard, J. (Leith) .. 
Lovell, W. D. (Bradford) 


* Annual Subscriptions. 
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McCall, G. W. (Manchester) . 
McMaster, A. W. (Old Kirkpatrick, N B) 
Mead, R. H. (London). . : at 
Midgley, H. (Liverpool) i oe 
Milsom, C. D. (Manchester) .. a er 
Mortimer, S. (Penang) de : 
Murray, I. N. (Hong-Kong) :. 
Nelson, T. J. (Pyle, Glam.) 
Orringe, J. (Leicester) 
Palmer, W. G. (London) ; 
Palmer, W. H. (Wallsend-on-Tyne) . 
Park, H. E. (London) . nt 
Parry, H. (Newcastle-on-Tyne) 
Parry, J: H. (Cheltenham) .. 
Paton, A. M. (West Ter poon] 
Paul, B. (Lahore) . e ds 
Phillips, S. (Lobitos, Peru) .. bus za | 
Pickford, H. L. (Mitcham) m cs 
Riley, E. S. (London) . 
Rolfe, G. B. (London) ne 
Schneidau, T. C. (Wallington) 
Sen, A. K. (Jamshedpur, India) Hs 
Sennitt, R. B. (Rugby) T Sait sa l 
Shearing, G. (Southampton) .. : 
Shepherd, C. (Rochdale) cy 
Simmonds, L. R. (Nagh Hamádi, Egypt) 
Slorach, J. W. (Hamilton, N.B.) = 
Snelling, C. A. (Stafford) 
Stanley, T. E. (Walsall) $s es 
Stirling, W. M. (Rangoon) .. sh Ws 10 
Stirrup, J. (Wallasey) . 
Storrar, J. H. (Wolverhampton) 
Stratton, J. (Beckenham) 
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LARGE ELECTRIC BAKING OVENS. 


By W. ELLERD-STYLES, Member. 


(Paper first received 23rd February, and in final form 14th May, 1928; read before THE INSTITUTION 19th January, before the 
SOUTH MIDLAND CENTRE 18th January, and before the NORTH-EASTERN CENTRE 237d January, 1928.) 


SUMMARY. 


Existing types of flame-heated ovens have been examined 
and described because the successful application of electric 
baking ovens involves a thorough understanding of the 
principles of bread-baking and cake-baking. 

Tests for determining the uniformity of temperature in 
flame types of ovens are illustrated and summarized, mainly 
because the electric oven lends itself to greater uniformity 
of temperature by grading and locating the elements. 

Constructional details of electric ovens are dealt with as 
an indication of the suitability of each type for particular 
locations. Portable and brick-built oven construction is 
illustrated andexplained. British, American and Continental 
ovens are surveyed. 

A glossary of terms peculiar to the baking trade has been 
compiled by the author as no published definitions of the 
terms have hitherto been available. 

Operation costs are shown, including maximum-demand 
averages from more than 100 installations. 

The demand for the abolition of night baking has a very 
important bearing on the most suitable type of electric 
baking oven construction, and the brick-built oven with high 
heat-storage capacity and high thermal efficiency deserves 
careful consideration. These ovens are heated during “‘ off 
peak ” periods only. 


HISTORICAL NOTES. 


Bread-baking dates back to prehistoric times, and 
the ancient Egyptians of Pharaohnic times used to 
paint the walls of their temples with pictures dealing 
with the occupations of everyday life. 

On the walls of the temple built in memory of 
Rameses III, who died 3000 years ago, was found a 
painting depicting the whole process of bread-making. 
Usually the Egyptians mixed and kneaded the dough 
with the feet, only the Pharaoh and high officials being 
supplied with bread made by hand. 

We are concerned with baking and it is worth 
recording that a method employed by African natives 
and inhabitants of the Bismarck, Philippine and other 
islands at the present time, is to bake bread on burning- 
hot stones covered by one large stone suitably supported 
over the bread. | 

A baker's oven and mill of the Roman period, con- 
structed about 2000 years ago, has been unearthed at 
Pompeii. 

It is surprising to note that ovens exist, and are 
still being erected, which show but slight improvement 
on these early examples. Oven-building has been 
shrouded in mystery by the various makers, and for 
this reason no data have been available to encourage 
the electrical industry to enter this promising field. 

A number of excellent examples of recent ventures 
to introduce electric ovens are covered in this paper, 


and the intention is to endeavour to create interest 
in the application of electricity in bakeries. No claim 
is put forward that this paper is the alpha and omega 
of oven-building; rather is it intended to act as a 
foundation for greater progress in what has so far been 
a neglected opportunity of the electrical engineer. 


GLOSSARY OF TERMS USED IN THE PAPER. 


Dormant zone.—(Coined by the author). Space in 
a baking chamber not available for the baking of 
products. 

Lie down.—Term used for period of time permitting 
heat distribution by conduction in the’ baking 
chamber. i“ | 

Solid heat—A term peculiar to the baking trade 
and erroneously assumed to be a characteristic of 
solid brick ovens rendering them more efficient in 
baking qualities. Actually it may be taken as 
applying to all ovens and is a condition of the 
baking chamber: after preheating. when uniform 
temperature is obtained ‘due. to radiation and 
convection. 

Flash heat.—Used to signify a condition when the 
outer portion of a product is burnt before the 
interior is sufficiently baked. 

Setting.—The operation of placing bread in an oven. 

Drawing.—The operation of removing bread from .an 
oven, 

Sack.—280 1b. of flour. 

Bag.—140 Ib. of flour (English). 

98 Ib. of flour (United States and Canada). 

100 lb. of flour (Australasia), 

50 kg of flour (Continental). 

Barvel.—196 lb. of flour (United States and Canada). 

Dough.—Consistency varies, but average in England 
comprises 280 lb. of flour, 140 to 150 lb. of water, 
plus yeast and salt. Malt and dried milk are 
sometimes added as improvers. 

To obtain a 2-lb. baked loaf 21 lb. of dough is 
allowed, but with a good electric oven 1 ounce can 
be saved on each loaf. 

Baking period.—A 2-lb. white loaf should be well 
baked in 38 minutes. A wheatmeal loaf of the 
same weight requires 45 minutes. | 

Prover.—A chamber maintained at a definite tem- 
perature and preferably supplied with steam at 
low pressure, in which the dough remains during 
fermentation. 

Vienna oven.—Oven with a sloping baking chamber 
so arranged that steam is retained in the chamber 
when the door is opened for setting. 
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INTRODUCTION. 


Whilst considerable progress is manifest so far as 
small electric baking ovens are concerned, little or no 
headway is recorded with the larger electric baking 
ovens in Great Britain, whereas in the: United States, 

rance, Canada and Switzerland steady advancement 
may be noted. 5 . % 

This is mainly due to the present high rates charged 
by electricity supply undertakings, who have a very 
large group of consumers at their disposal immediately 
an economic rate is fixed for users of large electric 
baking ovens essentially intended for bakers and con- 
fectioners. As there are certain characteristics peculiar 
to the baker’s requirements it necessitates an introduc- 
tion to past procedure, to the principles of bread-baking 
and an acquaintanceship with existing baking ovens. 

Before the British Association, Sir John Snell, speaking 
on the future of electricity, is reported to have said: 
‘“ Assuming that the average price of coal delivered to 
the generating stations through this country is 20s. 
a ton, it is safe to say that the average price at which 
electricity should be available within a few years 
should be under nine-tenths of a penny per unit.” 

This promises well for the future of electric baking 
ovens, and the following schedule is useful and instruc- 
tive as indicating the annual bread production. 


Annual Consumption of Flour and Bread (Five Years’ 
Average). 


Average of Number of 


; Flour per Bread per 
5 years ending | sacks of flour Population f 


hea hea 


Ib. Ib. 
1902 37 612 800 | 41609091 | 253-17 | 332-79 
1907 39974399 | 45365599 | 246-94 | 324-32 
1914 40 055 744 | 46332 466 | 242-06 | 318-12 
1924 40 026 726 | 47799333 | 234-47 | 308-16 


On the basis of 1 kWh per 10 lb. of bread (average), 
assuming that all bakeries had adopted electric baking, 
the annual total of 1 473 million kWh would be reached. 
The gradual change-over will be a slow process, but 
the possibilities are obvious. i 

For centuries the underlying principles adopted for 
bread-baking ovens have been to construct a large 
stone or brick structure, and to place a fire therein or 
adjacent thereto, so as to heat.the mass, partly by 
conduction and partly by radiation, after which the 
fire is allowed to burn out or is withdrawn before baking 
commences. - This principle is still widely in use. 


SIDE-FLUE OVENS. 


A type of oven still strongly favoured is known as 
the side-flue oven, and if the structure and conditions 
are considered the causes of heat variations are apparent. 
A side-flue oven is brick-built and its material is 
required to act as a heat reservoir. The inside of such 
an oven is heated on the surface, and although the 
oven after heating is allowed to “lie down” for a 
time before baking commences, the ‘ absorption ” of 
the intense heat is not very deep, and heat at baking 
temperature soon disappears. On this account the 


T 


side-flue oven requires to be heated (flashed) between 
batches. 

The crown is heated by a flame of great intensity, 
consisting as it does of carbon burned to carbon dioxide 


“and hydrogen burned to water. The crown of the 


oven where the flames touch it becomes intensely hot, 
but the flame misses some parts and these are only 
heated by conduction, not, however, so intensely. 

The quantity of heat carried along the sole of a 
side-flue oven depends mainly on radiation from the 
crown of the oven, and there are factors sufficient to 
account for want of uniformity in the temperature of 
different parts of the oven. As the crown of a side-flue 
oven is nearly level with the top of the oven door it is 


' liable to cool rapidly whenever the door is opened. 


STEAM-PIPE OVENS. 


A distinct departure from this method resulted in 
the introduction of steam-pipe ovens. The steam pipes 
or sealed tubes are 1} in. to 14 in. external diameter 
and # in. to 4 in. thickness, and contain a predetermined 
quantity of water. These pipes are first sealed at one 
end and boiled water is poured in so as to fill from 
one-third to one-half of the tube. The open end is 
then sealed and the tube tested. These tubes are 
arranged to form the crown of the oven, and the bottom 
or sole of the oven also has steam pipes with an inter- 
vening screen of iron, tiles, or similar refractory 
materials. The tubes are laid parallel, with one end 
entering the furnace. They have a slight incline 
towards the furnace, so that the water falls to the 
furnace end. Were it possible for each individual pipe 
within the oven to receive the same quantity of heat, 
then the heat within the oven would be fairly uniform, 
but there would be variations as the internal walls are 
heated mainly by conduction. 

Steam-pipe ovens cannot be rapidly heated, nor can 
the temperature be quickly reduced. 

It will be opportune at this stage to indicate that 
steam-pipe ovens have the advantage over previous 
ovens described in that they are suitable for continuous 
baking, provided care is taken when firing. It is usual 
to allow a short time between batches of bread so 
as to bring the oven up to the required temperature. 
If this is not done, and dough is placed in the oven 
directly after drawing a batch, draught will have to 
be put on for raising the temperature and this is 
detrimental to the dough or bread in the oven. 

Careful examination of this type of oven shows that, 
providing the furnace and flues are dispensed with, 
the general construction lends itself to electric heating. 
With heating elements in place of the tubes, excellent 
baking results can be obtained. Obviously this type 
also offers consideration for conversion from steam- 
pipe to electric heating. 


TESTS ON OVENS OTHER THAN ELECTRIC. 


Dr. Dorée and Mr. Kirkland of the National School 
of Bakery carried out tests to determine how far the 
temperature, as indicated on the oven thermometer, 
may be a safe guide as to the baking capability of the 
oven at different parts, and whether there is any 
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uniformity of deppa chiousiout the oven. For 
this purpose a number of thermometers were specially 
made to indicate up to 620° F. and maintain after 
withdrawal from the oven the highest temperature 
reached while exposed. These thermometers were 
carefully tested by the makers and afterwards verified 
at the bakery by comparison with a chemical ther- 
mometer, the bulb of which was exposed close to each 
of the new maximum thermometers in turn for a 
definite period. These thermometers in their iron 
cases were placed in the ovens at the different posi- 
tions indicated and kept there for 15 minutes on each 
occasion. 

This condition was sufficient to indicate the maximum 


PAIR OF SIDE: FLUC OVENS WITH DIVIDING WALL 
BEFORE HEATING FOR NIGHTS WORK 


STEAM- T PEEL OVEN, ny pin TUBES 
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200) 425 400 
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STEAM- PIPE PEEL OVENS 


a 230 
TOR BOTTOM & WALL TEMPERATURES 


by a line or lines, and the paa of the fixed 
thermometers of the oven at the time the tests were 
made are recorded. The records of side heats and 
crown heats are not very numerous, but where they 
have been taken the side temperatures are enclosed in 
lines against the side of the sketch to which the figures 
refer. The top temperatures (Fahrenheit) are indicated 
in one square of lines placed in the centre of each 
sketch. Sole temperatures only are given first. Before 
leaving this part of the paper the conclusions of Dr. 
Dorée and Mr. Kirkland may with advantage be 
given. They state: ‘‘ Sufficient has been given ta 
show beyond doubt that whatever preconceived ideas 
bakers may have about the uniform heat in modern 


STEAM- DIE, EE OVENS 
BOTTOM TEMPERATURES 


360° . 395 


THERMOMETER PROTECTED VAS 
E FROM SIOC WALLS 


WALL TEMD RATURES uty 
FER WALL. 


Fic. 1.—Temperature records of tests on ovens other than. electric, carried out at the National School of Bakery 
by Dr. Dorée and Mr. Kirkland. . 


heat at distinctive parts at 1 in. from the oven bottom 
or sole and some 16 in. from the oven crown. As part 
of the baking heat may, however, be provided by the 
side walls of | the oven and a greater part by the oven 
crown, or the top row of steam pipes as the case may 
be, a special trolley, composed of teak, was made, 
provided with screens of the same material, into which 
the special thermometer stems, on which the gradua- 
tions were cut, could be fixed, so that at any given 
distance from any side, or from the sole, or from the 
crown, the temperature could be obtained, the teak 
screens shutting off almost all the heat from every 
other source but that from which readings were desired. 
In this apparatus also the thermometers on each occasion 
were exposed for 15 minutes. 

Fig. 1 shows the plan of the oven interior, the open 
part representing the door, while the furnace is indicated 


ovens, they are not well founded any more than in 
older types. Some of the ovens were tested at baking 
temperature, some considerably colder, but that did not 
appear to reduce seriously the variations at different 
parts.of the oven. To oven builders absolute uniformity 
is probably an impossible ideal.” 

Some of the tests recorded covered'peel ovens and 
others draw-plate ovens, and these will now be 
defined. 

The former are ovens into which the bread is placed 
by means of flat wooden or steel peel, which consists 
of a rectangular, thin blade on the end of a shaft. The 
latter has a metal table which forms the sole of the 
oven. When baking temperature is reached this table 
is rapidly withdrawn, filled with bread, and quickly 
replaced into the baking chamber. 

Another type of oven not dealt with in these tests 
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is the travelling oven, which comprises a travelling 
conveyer, some constructions carrying swinging shelves 
that pass through the baking chamber at a slow, pre- 


determined speed. (An oven of the travelling type 


was patented by Admiral Coffin in 1810.) Before 
proceeding to deal with electric baking ovens, refer- 
ence should be made to the temperature records pre- 
viously mentioned; the disparity is very marked. In 
Fig. 1 (F) the outside thermometer records 435°—440° F., 
whereas the interior temperaturé varies by as much as 
55 deg., whilst in Fig. 1 (I) 185 deg. variation is 
observed. 

Ordinary thefmometers as fitted to ovens cannot 
therefore be relied upon to give the exact temperature 
as they are exposed to both convection and radiant 
heat, the latter seriously affecting the readings, as in 
one position the thermometer may be shielded and in 
another directly exposed to radiant heat. The user 
of the oven can quickly determine the suitability of 
the oven for different baking operations by ignoring 
exact temperature indications and noting the indications 
which give the best results for various operations, such 
as bread of different classes and various grades of 
pastries (flour confectionery), etc. Temperature, not 
quantity of heat, is the important factor, and whilst 
oven efficiency is represented by the ratio of heat 
theoretically necessary to total heat input this can 
only be taken as an arbitrary measurement for certain 
specified conditions. 

No baker’s oven is required to exceed a temperature 
of 500°F., and by experience the following average 
temperatures are convenient, consideration being given 
to the amount of foodstuff being baked. 


Bread ss “in . . 450° F. to 500° F. 
Sponge goods -- 400% F. to 420° F. 
Pound cake .. 350° F. 
Slab cake and wedding cake 300° F. 
Macaroons 250° F. to 300° F. 


Meringues .. ae -- 200°F. 


Electric bakers’ ovens probably have a better load 
factor than the average industrial load and operate at 
practically unity power factor. Most baking is per- 
formed during off-peak hours, thereby improving the 
load factor. They are also very desirable in the bakery, 
as the old type of ovens are the cause of a great deal 
of uncleanliness. The only objection from the baker’s 
point of view is the cost of operation, but he must be 
convinced that no fuel oven gives a service equal to 
the service rendered by an electric baking oven. He 
must be convinced that slightly increased heating costs 
are more than offset by the efficiency of the electric 
oven due to saving of floor space, to the labour saved 
owing to the elimination of dirt, ashes and cleaning 
of flues, and by the ease of control and saving on 
ingredients. 

The baker is as ignorant of British thermal units as 
the average power salesman is about bread fermenta- 
tion. We must talk in terms of efficiency. It is no 
exaggeration to claim 90 per cent efficiency for the 
electric baking oven, as it is more adaptable to high 
efficiency than most electrically heated appliances. 


ADVANTAGES AND DISADVANTAGES OF VARIOUS TYPES 
OF OVENS. 


Peel. 
Advantages :— i 
Can be installed in confined spaces. 
No mechanical risk of stoppage. 
With tiled sole admirable for bottom bread, i.e. bread 
not baked in tins. 
Highly suitable for mixed trade. 
Goods can be kept adjacent to elements, consequently 
less dormant zone required. 


Disadvantages :— 
Time required for setting and drawing. 
Care required to obtain uniform baking. 
Space allowance for handling of peels. 


Draw-plate. 
Advantages :— 
Rapid setting and drawing. 
No mechanical risk of stoppage. 
Suitable for mixed trade. 
Small dormant zone. 


Disadvantages :— 
Space required for draw-plate. 
Temperature-drop between batches due to cooling of 
plate. 
Rotary. 
Advantages :— 
Less floor space to operate. 
No peel required. 


Disadvantages :— 
Mechanical operation. 
Step-by-step method of setting and drawing. 
Large dormant zone. 
Man-handling of all goods. 


Conveyer. (As above.) 


| Travelling. 

Advantages :— 

Continuous setting and drawing. 

Maximum output. 

Small dormant zone. 

Easily extended. 

Low labour-costs ratio. 

Automatic discharge. 


Disadvantages :— 
Mechanical operation. 
Appreciable floor space. 


The peel oven can also be used successfully for a 
large output, being placed side by side and having a 
slow-moving conveyer placed in the front on to which 
the bread can be discharged as it is withdrawn from 
the oven, the bread being carried along to the cooling 
room in one continuous stream, Obviously, familiarity 


` with setting and drawing is essential with peel 


ovens, so as to obtain uniformity of baking, but it 
would be an exaggeration to say that skill is p oediog 
for operating these ovens. 
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As travelling and conveyer ovens are mechanically 
operated, any defect in the driving mechanism will 
consequently hold up production, and in many large 
establishments it has been found expedient to duplicate 
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in a large number of bakeries. In fact it is the only 
type of oven which can be installed where peculiarities 
of lay-out compel troughs to be placed adjacent to 
the oven. 
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Fic. 2.—3 000-loaf travelling oven with sliding door and travelling conveyer of 
transite board type. Rainier type. 


the ovens to cover contingencies. Usually, when such 
mechanical ovens are installed, the bakery will possess 
several existing peel ovens, and these form a reliable 
stand-by and obviate the necessity for duplicating the 
mechanical unit. 


Insulator 


Cross Sechon through Oven 


Where sufficient floor space is at the disposal of the 
engineer the draw-plate oven has its advantages, as it 
can be more rapidly charged and discharged than the 
peel, conveyer and rotary types. 

Where ample space is available the travelling type 
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Fic. 3.—Cross-sectional view and side elevation of travelling oven. 


EFFECT OF LOCATION. 

Advocates of certain types of ovens condemn the 
peel-type oven because space at least equal to the 
depth of the oven is required in front thereof for 
manipulating the peel. This, however, is no drawback 
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Rainier type. 


of oven is absolutely the best of all’types, provision 
being made for charging at one end and discharging 
at the other end. The timing of the travel is so arranged 
as to enable the goods to leave perfectly baked in one 
continuous stream without any check whatsoever. 
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Such ovens are considered essential to a completely 
automatic plant, and for this reason careful attention 
should be given to their development. Rapid strides 
have been made in this direction in the United States, 
an excellent example being the Rainier oven (see 
Figs. 2, 3, 4 and 13). 


CONSTRUCTION OF ELECTRIC OVENS. 


Two methods of construction are available, as with 
flame-type ovens; they are substantially built with 
brick having high heat-storage capacity and high 
thermal efficiency, or they are of metal construction, 
suitable insulation being inserted between the baking 
chambers and between the inner and outer walls. The 
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Fic. 4.—Constructional views 


former requires preheating over a longer period but is 
economical when baking, whilst the latter speedily 
reaches baking heat but requires current during baking 
operations to maintain the required temperature. 
Brick-built ovens must be considered as permanent 
structures and landlords’ fixtures, while metal-built 
ovens are portable or semi-portable and are tenants’ 
fixtures. 

Both types possess accurate temperature control, 
permitting normal dough expansion and ensuring that 
the finished bread has an even colour. Both can be 
provided with steam ejectors (more suitably termed 
steam generators), which are essential to produce the 
crisp crust on the loaf. The brick-built oven has the 
advantage when considered as a night load, for the 
obvious reason that it has a higher heat-storage 
capacity (see Figs. 5 and 14). 


In Switzerland such an oven will only be used during 
the day, six to seven hours being required to bring it 
up to the normal baking temperature of 450° F. to 
500° F. The oven is then ready the following morning 


| for baking during practically the whole day. At 


10 p.m. the full hedt is switched on and at 5 a.m. 
before baking the first batch it is switched off, some- 
times earlier, according to the temperature and expe- 
rience gathered as to the distribution of heat. To 
regulate the latter is only a question of switch 
manipulation and experience. 

Normally the oven is not heated up during the day. 
After the first batch has been drawn the oven is left 
about 30 minutes before the second batch is intro- 
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duced; in the meantime the stored heat brings the 
oven up to the normal temperature, having shown a 
drop in temperature after baking the first batch. This 
is repeated during the forenoon so that two, three or 
four batches of bread can be baked, and in the afternoon 
cakes and pastries. Small goods can be baked in the 
upper chamber if the oven has two decks, as this is 
generally on a more horizontal plane than the lower 
baking chamber or deck, unless the oven has three 
decks, the third one having a perfectly level sole. This 
third deck is essential when many “‘ small goods ” have 
to be baked, seeing that the frequent opening of the 
oven doors during bread-baking results in the chambers 
losing heat, otherwise more time is required the next 
day to bring the oven up to normal baking temperature. 

An oven 2-25m xX 3-8m has a baking surface of 
8-55m?, and a loading of 5 kW per mê of baking 
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surface bakes 18 kg of bread per m*. For a two-deck - 
oven of this size the maximum loading would be 85 kW 
and the production of bread in three batches 870 kg. 
Each oven is daily brought up to 240°C. and the 
temperature in the evening should not be lower than 
150° C. if the insulation is well located. During Friday 
and Saturday the temperature falls lower and in con- 
sequence a greater time is required to attain the baking 
temperature. 
When comparing the weight of bread (Continental) 
baked per foot of baking surface with American and 
English equivalents, it must be noted that Continental 
bread is usually flat and spreads over the surface in 
shallow form, whereas the English and American 
practice is to pack the bread closely (frequently in tins) 
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crown ofthe oven. The practice of placing the elements 
in the baking chamber direct has the disadvantage of 
creating what is termed “flash heat,” and although 
baffle plates and similar devices are sometimes used to 
shield the goods in the oven they can only be looked 
upon as a compromise. Apart from deciding upon the 
location of the elements it is most desirable that pro- 
vision be made for readily withdrawing the elements 
for inspection. Access to the elements is best provided 
in the oven front, as in a number of establishments it 
may not be possible to arrange side access. From the 
point of view of constructional convenience side access 
is most desirable, seeing that shorter elements can be 
designed which are more readily handled than elements 
extending from back to front of the oven. 
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standard type of “ peel” is shown on the left, 


Fic. 5.—Two-deck bread oven (Artofex type) with confectionery chamber and prover. The 


so that the loaves are higher and, weight for weight, 
occupy less baking surface. | 


Brick-BuILT OVENS. 


Sections of a brick-built electric oven are shown in 
Figs. 6 and 7 in sufficient detail to convey the principles 
governing the construction. Obviously, careful atten- 
tion must be given to the foundations as the weight 
may approximate a dead load of 30 to 70 tons. 

As no flues have to be constructed other than a 
vent to regulate the steam condition of the baking 
chambers, the design does not present great difficulties, 
particularly as we have existing steam-pipe ovens for 
general guidance. 

Provision must be made for the heating elements to 
be located under the sole of the oven and above the 


An air space should be arranged so as to separate 
the lower brickwork from the foundation level by 
approximately 3 in., extending the full area of the 
baking chambers. This will prevent dampness being 
drawn into the oven. | 

The outer oven walls need particular attention. 
About 15 in. thickness of firebricks comprises the main 
structure, and this should be faced with 8 in. or 9 in. 
of insulating bricks. On the exterior of these insulating 
bricks can be arranged the glazed-brick oven facings. 

The insulating bricks should form an entire shell 
around the oven, as upon this feature will depend the 
efficiency of the oven. Within this insulated shell the 
oven proper is constructed. 

An advance on the all-brick type of oven is considered 
to exist with an oven incorporating much less con- 
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Fic.. 6.-—Sections of brick-built electric oven (can be flame-heated in emergencies). 
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Fic. 7.—Sections of brick-built electric oven (can be flame-heated in emergencies). 
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struction material. The foundations alone are of brick 
faced with glazed tile, and rock wool takes the place 
of bricks formerly used to prevent heat radiation. 
This design cheapens construction because a quantity 
of brick, cement and other materials is eliminated, 
freight charges are much less and the expensive installa- 
tion charges inherent to the all-brick model are reduced 
to a very low figure, as very little labour is necessary. 
Monel metal is used to face the oven. This enhances 
the appearance and is an added constructional feature. 
The complete installation has the lower one-quarter 
finished in brick, while the upper three-quarters, or the 
oven proper, has a monel-metal finish. 
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Fic. 8.—Showing steam pipes as used for flame-type ovens 
(Swiss Patent No. 90685). 


When circumstances compel restricted hours of 
supply, or when the period during which low rates are 
available is insufficient to permit of the unrestricted 
use of the oven, it may be necessary to devise means 
whereby no handicap is placed on the output of the 
establishment where the oven is installed. Such pro- 
visions would also overcome the difficulty that would 
arise in the event of the supply not being available 
through breakdown or stoppage due to strikes, etc. 
This possibility cannot be too forcibly stressed. 

Several methods have been adopted, one of which is 
the subject of a patent * which combines a steam-pipe 
oven having electric heating elements below the steam 
pipes under the baking chamber sole and above the 
steam pipes in the crown of the baking chamber (see 


_* Swiss Patent No. 90685, 16 January, 1922, 


Fig. 8). It is therefore possible to heat the oven 
electrically when low rates are available, and at other 
periods to continue baking with solid or liquid fuel. 

When the oven has none of the above provisions 
and depends upon reserve heat obtained during the 
hours when low rates apply, it may be found that 
additional heat is required during parts of the working 
time. With ordinary oven construction this «would 
entail using appreciable current at maximum rates 
owing to the solid construction. 

A means to overcome this drawback is described in 
a patent (Swiss Patent No. 80960, 1 October, 1919) 
covering the provisions of heating tunnels in the crown 
of the baking chamber directly communicating with 
the baking chamber, whereby the elements directly heat 
the baking chamber without intervening firebricks. 

Another means of providing for contingencies is the 
electric oven (Figs. 6 and 7) which allows the baking 
chamber to be heated direct in a manner similar to that 
employed in the coke-fired side-flue oven. Solid fuel can 
be placed direct in the baking chamber and subsequently 
withdrawn when the oven is sufficiently hot, or oil 
firing can be adapted. The latter is available in small 
mobile outfits of compact form. The compromise types 
above mentioned do not indicate that electric ovens 
are unreliable, as, apart from providing a means of 
dealing with varying rates per kW during definite hours 
for economy purposes, they provide a definite alter- 
native method of heating in emergency. 


ALL-METAL TRAVELLING OVENS. 


The most desirable oven, where space permits and 
output justifies the first cost, is the travelling oven. 
This does not include the small oven which is loaded 
and unloaded from the front and is fitted with swing 
trays, but applies to the oven having a travelling sole, 
the loading being arranged at one end and the unloading 
at the other, and the rate of travel being so timed that 
perfectly baked loaves leave the oven in one continuous 
stream. Examples of such ovens are giving commend- 


-able results in the United States, some having a baking 


conveyer 98 in. wide and up to 80 ft. in length. The 
Rainier oven, for instance, is built with a conveyer 
consisting of steel pans on which are mounted com- 
position tiles. They can be used for baking bottom 
bread, have full thermostatic control and are wired to 
6 watts per square inch, two-fifths being in the upper 
element and three-fifths in the lower element. The 
consumption per pound of bread baked averages 
80 watt-hours. One of the ovens has been constructed 
for a bakery in Salt Lake City, and is 60 ft. in length. 
The elements are made from nichrome wire wound in 
helical coils, the helixes being graduated to provide a 
uniform distribution of heat. The coils are strung 
between porcelain and lava-rock insulators mounted on 
transite board placed in a channel-iron frame. Con- 
nections from the resistance wire to the terminal boxes 
are of asbestos-covered monel wire. 

The general construction of the 3000-loaf Rainier 
oven supplied to Salt Lake City is shown in Figs. 3 and 4. 
It will be appreciated that, with full automatic control, 
evenness of heat can be obtained. No difficulty exists 
in either reducing or increasing the heat, and the baked 
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goods can be delivered at a uniform rate. Owing to the 
distribution of weight these ovens can be erected above 
ground-level and the average floor would need no 
reinforcement, except perhaps at the driving end.. 

In designing ovens of this type it is essential that 
attention be given to the elimination of heat losses at 
the ends in view of the necessity for allowing for loading 
and unloading without interruption. 

As the ovens are sectional in construction, subsequent 
extensions can be economically arranged. A double 
metal casing with rigid angle and channel-section 
bracings forms the oven proper. The base of the oven 
has a substantial thickness of insulating materials, on 
top of which is a continuous sheet-metal lining; upon 
this, sections are arranged packed with sand, on top of 
which is the bottom of the baking chamber. 

On the sides of the baking chamber, angles are fixed 
throughout the length of the oven, to carry the lead 
and return of the endless conveyer. The lead is situated 
approximately central between the top and bottom of the 
' chamber, and immediately below are placed the bottom 
heating elements. ; 

The return is adjacent to the bottom of the chamber. 
Side protectors are fitted above the lead of the conveyer, 
and the top elements rest thereon adjacent to the top 
of the baking chamber. Immediately above the baking 
chamber, sand pockets are provided and then the top 
layer of insulating material. The walls are suitably 
insulated. Large-diameter sprockets are fitted at each 
end to carry the conveyer chain, which is fitted with 
suitably spaced rollers. 

The driving gear is located at one end and consists 
of a motor driving a worm reduction gear through a 
variable-speed transmission. At the opposite end pro- 
vision is made for adjusting the tension of the conveyer 
chain. 

A steam ejector for oven-conditioning is fitted in 
the baking chamber to supply steam at a pressure of 
from 5 to 15 lb. per sq. in., and vents are supplied to 
regulate the steam condition. Hinged doors are fitted 
at each end, operated by hand-wheels and hoods to 
carry off vapour. 

Inspection doors, thermometers and electric lights 
are arranged at convenient intervals along the side of 
the oven, as well as the necessary control panels, thermo- 
stats and other apparatus. 

Access to the elements is at the side and if repairs 
are necessary these can be carried out without shutting 
down the oven. | 

The Edison Electric Appliance Co. of Chicago have 
recently perfected and installed a travelling-deck type 
of electric oven of large dimensions with a conveyer 
7 ft. x 63 ft. long, arranged for automatic loading. 
The pans or tins containing the goods to be baked are 
fed into the oven on gravity rollers and pushed forward 
on to the deck or conveyer by a push-bar. This 
mechanism permits the oven to be loaded through a 
small opening in the side wall, thus tending to reduce 
the heat losses. Air circulation is reduced to a minimum 
and this tends to decrease dough shrinkage. 

The mechanism consists of a hydraulic cylinder 
located on the outside of the oven in a suitable enclosure 
at the loading end, with a piston. rod extending through 


the wall of the oven and at the end carrying the bar 
which pushes the pans from the gravity rollers on to 
the conveyer. A reversing valve is inserted between 
the hydraulic cylinder and a small centrifugal pump 
driven by a 0:25 b.h.p. motor. A 10-gallon water 
reservoir receives the exhaust from the cylinder and 
also serves as supply tank for the pump. A gear-shift 
mechanism changes the spacing to suit varying sizes 
of pans. A pan guard prevents additional pans sliding 
into the oven during the movement of the pusher, and 
a signal lamp flashes automatically just before the pusher 
starts. This serves as a warning to the operator when 
loading by hand. An additional opening is provided 
adjacent to the automatic loading door for use when 
baking products not adaptable to automatic loading. 
This oven has automatic temperature controls and is 
heated with Edison ‘“‘ Calrod’’ resistors connected in 
series. | 

A heavy malleable chain is employed for the conveyer 
and is supported by large rollers at the ends and centre 
on each side. The inner lining is made steam-tight 
from No. 16 gauge steel sheet in sections 77 in. long. 
Each section is joined with an accordion-type expansion 
joint, the whole being supported on a steel framing. 
The outer casing has white-enamelled steel plates at 
the sides and ends, the top and bottom being lead- 
coated steel sheets. The side walls are insulated with 
9 in. of felted asbestos and 74 in. of slag wool, whilst 
the bottom of the oven has 16 in. of slag wool and the 
top 144 in. of slag wool all well packed. A 3 b.h.p. 
motor drives the conveyer through reduction gears and 
variable-speed mechanism. As a stand-by, means are 
provided for operating the conveyer by hand to unload 
the oven in the event of the supply failing. 

As with all ovens of metal construction, it is impera- 
tive to reduce through-metal to a minimum to eliminate 
heat losses due to this source. 

The setting of an oven has to be done with care, the 
loaves being full of proof. Rough handling of the 
loaves when they are set in the oven may result in 
some of the proof being knocked out, which detracts 
from the value of the baked loaf. 

As travelling ovens have been built operated by gas 
heating, steam-pipe heating, etc., the designer has to 
avoid many existing patents which apply to mechanical 
operation and other details. This is not an insuperable 
obstacle, however. Simple principles are involved and 
the electric travelling oven, being an accomplished fact, 
has a big future. Like all mechanically propelled units, 
careful attention to details is imperative to eliminate 
risk of breakdown. 


REEL OVENS. 


This type of oven is peculiar to the United States, 
where it is known as the “ common reel oven.” The 
reel carrying the swinging trays is worm-driven direct 
on to the centre shaft. Firing is arranged at the base 
of the oven, which is the practice followed with the 
electric conveyer oven. Obviously the entire baking 
chamber has to be heated to obtain satisfactory baking 
results, and accordingly the efficiency per square foot 
of baking surface is of a low order. Two of these ovens 
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are working in the Shredded Wheat factory at Welwyn 
Garden City. 

A modification of an American reel oven has been 
marketed in this country by the Metropolitan-Vickers 
Electrical Co., and although publicity has been widely 


Fic. 9.—Conveyer-type oven with swinging trays. Metrovick 
type. 


given to this production, which is termed a conveyer 
oven, the present paper would not be complete without 
reference to the type of oven (see Fig. 9). It consists 


DE eal TTT LIN 


ME 


PE 


as possible. The oven body is carried in a substantial 
base frame. On the inner framework is mounted a 
chain conveyer carrying seven swinging shelves each 
73 in. long by 20 in. wide. The total baking area of 
the oven is therefore 71 sq. ft. The driving gear is 
mounted external to the oven, being actuated by a 
reduction worm gear timed to allow each shelf to pass 
the oven door every minute. A counterbalanced door 
the full width of the oven is provided, giving an opening 
11 in. deep. The bottom of this opening is 39 in. from 
the floor. The door is hinged from the top. 

The heating elements are robust, and consist of a 
nickel-chromium resistor approximately din. x 0+ 0006 in. 
carried on spacing refractory rods retained in a steel 
frame. They are mounted in a light framework fitted 
with rollers and can be inserted or withdrawn through 
a removable panel in the front below the door. 

The heaters in the bottom of the oven are split into 
two circuits, one of which, automatically controlled, can 
supply 34 kW and the other, hand controlled, 16 kW. 

A thermostat is provided for adjustment so as to 
obtain any required oven temperature, the scale being 
graduated from 100° F, up to 500° F. 

Two standard-pattern switches are provided for con- 
trolling the heaters. 

Steel busbars connect the heaters. A glass inspection 
panel is fitted, the usual vent pipe and provision for 
steam ejection completing the equipment. The oven is 
arranged to attain 450° F. from cold in 1 hour approxi- 
mately. 

The total floor space occupied is 80 sq. ft. and the 
weight is 3 tons. 

For baking bread the output of the oven is about 
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Fic. 10.—A two-deck Magnet electric draw-plate oven. 


of a double-cased sheet-steel housing made in panel 
formation fixed to a steel framework. Between the 
inner and outer casing 24 in. of slag wool backed up 
with 24 in. blocks of asbestos magnesia is inserted to 
prevent heat losses and to create as much “* solid heat ” 


14 sacks per hour, the power consumption being 
40 kWh per sack (approximately 400 lb. of baked 
bread). At #d. per unit this represents 2s. 6d. per 
sack for electrical. energy, or 74d. per 100 lb. of bread 
baked, as against 5-3d. for the peel-type oven. 
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The Rainier Co. make a similar oven having a capacity 
of 1 000 1-lb. loaves. 
Over a series of gear wheels on suitable conveyer chains, 
and has a loading of 90 kW (maximum). 


Rotary Disc Oven. 


. What is believed to be the first electric rotary disc 

oven has been built by the Rainier Co. The baking 
surface is 10-5 ft. in diameter rotating in a vertical 
axis, and is capable of accommodating 24 trays each 
18 in. X 26 in. The maximum loading is 32 kW and 
the oven is fitted with automatic temperature control. 


DRAW-PLATE OVENS. 


Any oven of this type must be carefully designed 
owing to the unavoidable cooling-off of the plate when 
withdrawn from the baking chamber. The draw-plate 
is mounted on rails attached to an undercarriage having 
an independent lateral movement in relation thereto. 
The usual method employed to assure easy running of 
the plate consists of steel balls interposed between 
suitable channelled bars fixed respectively to the under- 
side of the plate and on top of the undercarriage or 
trolley. 

Obviously the door of the oven has to extend the full 
width of the baking chamber, and the orthodox practice 
is to arrange the door so that it can be closed when 
the draw-plate is withdrawn, thereby retaining the heat 
in the chamber. 

The plate should be of ample thickness, preferably 
not less than 3 in. of planished steel. The wall con- 
struction is similar to that employed in other metal- 
cased ovens. The Magnet draw-plate oven as shown 
in Fig. 10 is a good example of this type of oven and 
has been built in sizes up to 24 sacks (equivalent to 
1 000 lb, of dough). This size would have a maximum 
loading of 56 kW, or 0-53.kW per sq. ft. of baking 
surface. One conspicuous feature has been demon- 
strated with such an .oven recently installed. Batches 
of bread are baked in 10 to 15 minutes less than with 
the coke-fired oven. 


ELECTRICALLY HEATED STEAM-PIPE OVENS. 


Steam-pipe ovens have been satisfactorily used for at 
least 30 years, the means of heating the tubes con- 
sisting of a combustion chamber at one end into which 
the ends of the tubes project. Coal, coke, briquettes 
or oil fuel is used as the heating medium. In 1924 a 
method of heating steam-pipe ovens electrically formed 
the subject matter of an English patent * wherein 
electrically heated chambers are provided into which 
the lower (back) end of the steam pipes projects, exactly 
as in fuel-fired ovens. 


MATERIALS USED IN ELECTRIC OVEN CONSTRUCTION, 


Refractories.—Although slag wool and asbestos in 
various forms are mainly employed for insulating 
electric baking ovens, it is desirable, particularly in 
brick ovens, to employ fireclays, lime and other refrac- 
tories. Most fireclays are silicious or acid clays and 


* Patent Specification No. 220179, 14 August, 1924, 


It consists of 43 trays revolving ener clay.* 


the following may be taken as a typical analysis of 


Per cent 


Silica 63-30 

- Alumina .. 23-30 
Lime 0°73 
Ferrous oxide 1-80 
Moisture and organic matter 10-30 
99-43 


Calculating the percentage of pure clay from these 
figures the analysis becomes :— | 


Per cent 

Clay (Al,O3, 2 SiO}, 2 H,O) 58: 90 

Silica in excess of that in al 36:10 

Impurities ae 2°53 
Water in excess of that i in n the clay and 

organic matter T ~ 1-90 

99-43 


Silica added to a fireclay does not necessarily increase 
the refractoriness ; in fact, as a rule, depending on the 
nature of the silica, an increase causes a reduction in 
the refractoriness up to a certain point. 

Lime is extremely refractory and is employed pre- 
ferably in the proportion 3 of lime to 1 of Portland 
cement for bonding in the usual manner. For bonding 
fireclay brick special fireclay cement mixed with a 
proportion of Portland cement as.a binding agent 
should be employed. Fireclay bricks should be nearly 
white in colour and should be as free as possible from 
small holes surrounded by black spots. The more 
aluminous bricks appear to expand and contract less 
than the more silicious bricks. 

Sand is extremely useful as a heat reservoir and 
forms a constructional feature in many types of electric 
baking ovens. Reference has been made to this item 
when describing the large Rainier travelling oven and 
others. Air, well known to be an insulator at low 
temperatures, can be utilized in oven construction, as 
temperatures are not excessive and cavity oven walls 
will tend to eliminate heat losses. 

As white sand is practically pure silica this is the 
most desirable for packing at the top and bottom of the 
baking chambers, to provide facilities for heat storage. 
Alternatively, fireclay or silica bricks can be utilized. 

Soapstone has been employed as the material for oven 
soles, but this has been found to absorb and give up 
its heat a little too rapidly to permit of maximum 
control of the ratio of the bottom and top heat by 
controlling the input to the units below the deck, and 
there is a tendency to burn with soapstone soles. This 
is particularly true for goods requiring a considerable 
amount of top heat. 

Asbestos in block form is the most convenient of 
insulating materials and, as is well known, the longer 
the fibres the more valuable the material. Slag wool, 
which consists of slag or silicates formed by the com- 
bination of silica with alumina, lime, magnesia, etc., 
through which steam has been blown when in the 


* Sexton and DAVIDSON : “ Fuel and: Refractory Materials.” 
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molten state, hence becoming a material of fibrous 
texture, is also an excellent insulator.. A good sample 
oí slag wool should have long fibres and be white.in 
colour; in addition it should also be practically free 
from globules. It is practically non-absorbent. Unlike 
asbestos it does not lose its tesiliency. It has a tendency 
to settle down between the wails of the oven unless 
closely packed, leaving the upper space uninsulated, 
and consequently careful consideration must be given 
to the method of packing the materials in the oven. 
It is better to employ slag wool only for horizontal 
surfaces, and for vertical situations make use of block 
or slab asbestos. 

Copy of extract from veport of National Physical 
Laboratory.—It was: found that the slag wool mat 
could be exposed to temperatures as high as 1 350° F. 
without losing its fibrous structure. 

The following table gives mean temperature, i.e. the 
average between the ‘hot and cold faces of the slab when 
equilibrium had been attained. 


Slag Wool Mat. 


Thermal conductivity in B.Th.U. per sq. ft. 
¿per houf per 1 in. thickness 
1 deg. F. difference 


Mean temperature. 


°F, 
300 0-48 
400 0-56 
500 : 0-64 
600 0-72 
700 0-80 
800 0-88 
0-96 


Resistor.—1It is difficult to stipulate a particular 
grade without mentioning individual manufactures, but 
the following can be taken as desirable electrical, 
mechanical and thermal properties of a resistor suitable 
for baking ovens. 


Specific resistance 105 microhms per’ cm?® 


- Temperature coefficient 0-00012 
Tensile strength 59 tons per sq. in. 
Melting point .. -. 1375°C. 
Specific heat .. .. 0-106 
Specific gravity 8:35 
Coefficient of expansion 0-000015 


The above is a pure nickel-chromium alloy containing 
20 per cent of chromium with but the merest trace of 
iron as an impurity. 


Heating elements should dissipate their full rated 


energy at normal temperature without reaching red heat. 
Long life and efficiency are the essential conditions 


demanded of a heating element, and attention must 


be given, when inserting them in the oven, to good 
heat transmission, sound end-connections, easy accessi- 
bility and low current density per unit of surface. 

Elements embedded in cement are protected against 
oxidation and have an advantage over exposed elements, 
particularly when temperatures of 650°C. to 700°C. 
are exceeded. This method has a marked influence on 
the life of the element. 


COST OF OPERATION. 


Taking an average from over 4000 electric bakery 
installations varying from 300 to 14000 loaves daily 
output, the average power consumption is 90 watts 
per pound of bread baked. A typical bakery with 
2 baking ovens having a:total connected load of 41 kW 
has a daily output of 4 000 lb. of bread and a monthly 
consumption of 3 500 kWh. 

One bakery in which tests were made had a monthly 
production of 3000 cakes and 24000 loaves of bread. 
Both gas and electric equipment were used for com- 
parison. An average saving of 5 to 6 ozs. per cake, or a 
total of 156} lb., was made by the electric oven. The 
bread savings totalled 500 lb. A simple calculation 
reveals the equivalent saving in cash. It was further 
found that the gas-baked cakes shrunk 5 ozs. each 
more than the electrically baked cakes in a period 
of 5 hours after baking. In another instance a bakery 
claims a saving of 4 to % oz. per pound of bread 
baked. 

To assure maximum economy in operation the smallest 
possible oven should be installed that will turn out the 


‘required production in the longest number of hours 


during continuous operation. This will keep the 
maximum demand to a minimum. It is shown.that a 
smaller oven operating over a longer period of hours 
can be operated much more economically than a larger 
oven operated over a shorter period. Assume 14 to 
3 hours to preheat the oven, according to size. After 
preheating it takes from 50 to 60 per cent of the 
maximum load of the oven to bake the heaviest pro- 
ducts. Assuming the oven to be efficiently insulated, 
considerable heat is retained long after the current has 
been switched off. Fig. 12 shows a small peel oven. 

The following is an example of the estimated cost of 
operation :— | 


Connected load e Ss at 
Baking surface sá seh is ag 
Capacity (1 lb. loaves) $% aH .. 80 
Hourly capacity (1 Ib. loaves) 

Capacity when operating for 7 hours 


(1 Ib. loaves) 840 
Power RRRS during preheating 
| (2 hours) .. .. 21-6 kWh 
| Operating to maximum capacity for 7 hours 
(10-8 x 7 X 50 per cent) 37-8 kWh 
Total power consumption .. 59-4 kWh 
Cost of current at 0: 75d. per kWh 3s. 84d. 
Monthly cost (26 days) £4 16s. 5d 


Monthly output of bread .. 21 840 lb. 
Electric current cost per 100 Ib. of bread 5: 3d. 


It can be accepted that a good oven has an hourly 
capacity of 1} times its deck capacity for bread baking, 


| and twice the deck capacity hourly for rolls and buns, 


the hourly pastry depending upon the variety. 

If it is conceded that the lighting load determines 
the peak load of the system on certain traction and 
industrial loads, a baking load can be arranged to fill 
in the valleys by establishing an off-peak schedule. 

In a considerable number of instances there should 


| be no expenditure for service mains, and the majority 
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of installations would be in commercial districts which 
would not require any additions to the existing feeders 
or substation transformers. 

Records have established that baking-oven installa- 
tions consume, on an average, 150 kWh per month for 
each kW of connected load. 

The maximum operating demand averages 50 to 60 
per cent of the connected load on the equipment. In 
some cases installations are consuming 200 kWh per 
month for each kW of connected load. 

An analysis of existing representative installations is 
given below. 


kWh per month per kW 

of connected load 
82 baking oven installations 101 
13 baking oven installations 146 
15 baking oven installations 184 
A. wholesale bakery 185 

616 : 
Average kWh per month per kW 
of connected load 154 

Load factor 40 per cent 
Power factor - Unity 


_ Fig. 11 shows data obtained from six types of metal- 
cased, portable electric ovens. 


NOTES ON BAKING.. 


If an oven is not sufficiently hot the bread will be 
poorly baked, quite apart from the time it is in the 
oven. Flavour is not brought out as it should be. 
Texture is not developed and expanded as desired, the 
colour of crumb is dull and the crust has no bloom, 


- 


Thickness of wall in inches, 
packed with insulation 


0 40 60 
Total square feet of baking surface 


Fic. 11.—Data from six known types of metal-cased, 
portable electric ovens. 


while loaves become squat and of irregular proportion. 
If the oven is too hot, ill effects in the opposite direction 
will be developed. 

A tight dough must not be baked as long as a slack 
dough, because it does not hold so much moisture. 
The more thoroughly a dough is made the quicker will 
baking bedone. The better the quality of raw materials 
used for making the dough, the faster the dough will 
bake. High-temperature dough (dough at 80°F.) will 
hasten more in baking than a dough of lower tem- 
perature (dough at 75°F.). An over-fermented dough 


bakes quicker than an under-fermented dough, the ' 
reason being that an over-fermented dough is generally ' 


slack and the oven heat can penetrate and bake out 
the ingredients in shorter time than in the case of an 


under-fermented dough, being tight, through fermenta- 
tion not having proceeded fast enough to produce the 
desired aeration for the oven heat to penetrate. 
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Fic. 12.—Showing ‘part section of Edison oven with inter- 
locking tiles for sole of baking chamber, and steam- 
spray pipe and lamp fitting. 
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Fic. 13.—Showing method of loading travelling ovens and 
the canopy, for carrying off vapour when oven door is open. 


Loaves must be set equidistant to enable heat to 
circulate around them, and this preserves their good 
shape. 
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Ovens should not attain baking heat too rapidly, a 
period of from 14 to 2% hours being satisfactory. 
Before inserting the loaves the oven should preferably 
be allowed to “lie down ” for about 30 minutes prior 
to setting, so that a good “‘solid heat” is obtained. 
This mainly applies to the preheating period. It is 
usually found that ovens brought rapidly up to baking 
heat cause the loaves to spring quickly and be drawn 
into holes with irregular texture and bad shape. 

The overbaking of loaves may be avoided by so regu- 


combustion-type ovens, and consequently the 
vitality of the operatives is considerably im- 
proved. 

There are no dust, dirt, ash or smoke, and no 
pumps, burners, grates, pilots or lighters. The 
only dampers required in the oven are those used 
for controlling steam conditions. 

No furnace being required, floor space is economized, 
and automatic temperature control is possible. 

Greater uniformity of heating surface can be secured. 
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Fic, 14.—Single-deck electric oven arranged for heating by wood in case of 
emergency. Large prover at top and Zwieback (rusk) toasting draw-plate oven 


at bottom. Aeschbach type. 


lating the oven heat that 45 minutes is the maximum 
required to obtain a satisfactory, well-baked loaf. 

Loaves baked in tins should be removed from the 
container immediately they are drawn from the oven, 
so that they do not become soddened by the steam 
generated by the loaf. ‘‘ Cripples’’ must be avoided, 
and baked loaves must not be cooled too rapidly, in 
order to eliminate any risk of loss of flavour. 

When using automatic control on ovens the bottom 
heating units or elements are left on “‘ high ” and the 
top unit is regulated by means of a switch to provide 
the correct amount of top heat. 


CONCLUSION, 


In the author’s opinion, the future lies with electric 
ovens for the following reasons :— 


Fuel storage is entirely eliminated. 

Absolute cleanliness is assured. 

As there is no combustion and no products of 
combustion, depreciation is reduced to a 
minimum, and the fire risk is eliminated. 

The atmosphere does not become vitiated as with 


Portable types of ovens can be constructed which 
remain tenants’ fixtures and can be employed 
in situations not available for the furnace type 
of ovens. (For instance, goods may be baked 
in the shop, in view of the consumer.) 

Standardization of construction enables the oven 
to be used on various voltages by interchange of 
heating elements, and deterioration is negligible 
when compared with furnace-type ovens. 

Maintenance is economical because of the greater 
accessibility of the component parts. 


Oil fuel is the ultimate rival, in view of the easy 
conversion of existing coal- or coke-fired ovens to oil 
firing. We can consider the avantages of oil over 
solid fuels to comprise :— 


Reduction of weight by about 40 per cent, 

Reduction of bulk by about 35 per cent. 

Prompt kindling of fires and consequent early 
attainment of maximum furnace temperature. 

Ability to extinguish fire immediately. 

Uniformity of combustion and therefore of heating 
power. 
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Taking the cost of oil as £6 per ton (which works 
out at 6d. per gallon), the cost per sack of bread baked 
would be about 6d. This compares favourably with 
the cost in the case of solid fuels. 

It will be apparent that to compete on a price basis 
the cost of electrical energy per kWh would have to be 
gd., but the many economies effected with electric 


baking ovens, coupled with the other advantages, will’ 


render competition a sound proposition at from $d. to 
gd. per kWh. Even at a higher figure electric baking 
is proved to excel. 

The closing of a switch is all that is necessary to 
bring the oven up to baking heat. Even this can be 
automatically performed by a time switch. Automatic 
temperature controlis an easy matter. Nostorage tank 
is needed, and there are no burners or compressor to 
manipulate; in addition, no periodical inspection is 
required to make sure that the apparatus functions, or 
that the heat is too much or too little, such as accom- 
panies oil firing. No space other than actual oven 
space is necessary. | 

The bakery costs so much per square foot of floor 
space, and a certain portion of this is chargeable to the 
oven. This includes the floor space required by the 
oven, plus firing alleys and fuel storage space. Both 
the latter are saved with an electric oven. 

The author desires to acknowledge his indebtedness 
` to the following firms who have furnished him with 
data respecting their ovens:—F. Aeschbach, S. A. 
Aarau, Switzerland ; Artofex Engineering Works, Ltd., 
London; J. A. Campbell and Co., Rainier Oven Dept., 
Seattle; General Electric Co., Ltd., London; Inter- 
national General Electric Co., Schenectady; Metro- 
politan-Vickers Electrical Co., Ltd., London; and 
Pacific Electric Bake Oven Co., Seattle. 


APPENDIX 1. 


AN AMERICAN SPECIFICATION. 


TYPE No. 415 STANDARD ELECTRIC BAKE OVEN 
ERECTED AT THE ARGENTINE NAVAL BASE SITUATE 
AT PUERTO BELGRANO, ARGENTINE. 


The following described oven shall be designated as 
the No. 415 brick type bake oven. It shall consist of 
a heavy sheet-steel steam-tight inner body substantially 
reinforced with angle irons and tee bars. The inner 
body shall be divided into two equal-size baking com- 
partments, the deck or floor of the upper compartment 
serving as a ceiling or top of the lower compartment. 

The two decks shall be made of 14 in. tile cemented 
together and supported by heavy tee bars. The surface 
of decks and all crevices shall be covered with cement 
to ensure no circulation of air between compartments. 

The baking compartments shall be surrounded on all 
four sides by an 18% in. wall, consisting of 44 in. of 
firebrick, 9 in. of insulating brick, 1 in. of rock wool 
and 4 in. of common brick. On the front and two 
sides only, additional thickness of 5 in. of white enamel 
face brick shall be added to the wall. This construction 
has a high heat-storage capacity and high thermal 
efficiency. 


VoL. 66. 


The doors shall be of the swing-in counterbalance 
type and shall be equipped with a contactor device, 
thereby automatically providing deck illumination when 
the door is open. 

There shall be six heating units made of high-grade 
nickel-chromium wire, two under each deck and two 
at the top of the upper compartment. Each of these 
units shall be divided into three equal sections—front, 
centre and back—each section being protected by a 
double-pole cut-out and controlled by an independent 
three-heat snap switch. The switch panel and fuse box 
shall be located at the front of the oven below the 
lower deck, at a position readily accessible to the operator. 
The maximum consumption at rated voltage of the 
entire bake oven shall be approximately 80 kilowatts. 

Each compartment shall be equipped with a mercury 
thermometer, inside deck light and steam fittings. 

The capacity of the oven shall be 600 1-Ib. loaves 
or 60 standard roll pans 18 in. x 26 in. The total 
baking surface shall be 209 sq. ft. 


Outside E RSIónS :—Height, 7 ft. 3 in.; 
14 ft. 7 in.; width, 13 ft. 4 in. 

Compartment dimensions :—Height, 11 in.; depth, 
11 ft.2 in. ; width, 9 ft. 6 in. 

Approximate installed weight :—80 000 Ib. 


depth, 


The foundation for the oven is not to be furnished 
by the manufacturer and is not to be considered part 
of the oven. 


List of material for No. 415 bake oven. 
2230 white enamel bricks. Includes 1 850 stretchers, 
80 bull-nosed bricks, 300 quoins. 
3 800 common bricks. 
1 300 fire bricks. 
125 hollow tiles. 
1200 Ib. fireclay. 
1 500 1b. Portland cement. 
500 Ib. lime. 
4 yards (cubic) plaster sand. 
$ cubic yard fine white sand for white enamel 
bricks. 


Operating Data of No. 415 Oven. 


Capacity T 600 1-Ib. loaves of bread. 
Baking surface .. 209 sq. ft. 

Hourly output’.. 900 1-1b. loaves of bread. 

Daily output .. 13500 l-lb. loaves of bread. 


The above output is based on continuous operation 
during 15-hour period, allowing 40 minutes to bake, 
including loading and unloading time. 


Cost of operation. 


Connected load .. T 80 kW 
Approximate maximum demand.. 46 kW 
‘Approximate average operating 

demand .. T si 36 kW 
Approximate average daily con- 

sumption . 540 kWh 
Approximate monthly consumption | 

(25 days) .. .. 13500 kWh 
13 500 kWh at 24 cent rate .. $337.50 
Approximate cost per 1-Ib. loaf .. 10/100 of 1 cent 


38 
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The above provides for baking operation cost only, 
after oven is thoroughly preheated. Preheating re- 
quired, two days at low heat. After oven temperature 
is reached it should be maintained continuously. 


APPENDIX 2, 


NUMBER AND TYPES OF OVENS INSTALLED. 


No statistics are available giving the types of ovens 
used and the number installed throughout Great Britain 
and the Irish Free State. The American bakery industry 
is, however, more progressive, the following schedule 
giving an indication of the different types and the 
respective numbers employed. 

In 1926 the author was advised by President Ingold, 
of l’Association Suisse des Patrons Boulangers et 
Patissiers, that approximately 6 000 ovens are used in 
Switzerland, mainly of the brick, peel type. They 
anticipate that 4 000 will be electrified within 15 years, 
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involving a saving of 120 000 tons of imported coai per 
annum, and that 320 million kWh per annum will be 


Types of Ovens in use ın U.S.A. by 15 800 Establishments. 


Approximate increase or 


Type Year 1923 Year 1925 ecrease in two years 
Draw-plate. . 1 542 2 038 + 32 per cent 
Peel... 17 172 
Portable 23 998 4 405 — 10 per cent 
Reel.. 1290 
Rotary 2 679 1 298 + 5 per cent 
Sugar wafer* 230 
Travelling .. 363 622 + 71 per cent 


` Total ovens (1923) = 28 582 
(1925) = 27 055 


a? 2a 


required by baking ovens. In Zurich 30 per cent of 

the ovens are electric, Their conversion to electric heat- 

ing was based on their operation during off-peak hours. 
* Sugar wafers are thin biscuits eaten with icecream. 


DISCUSSION BEFORE THE INSTITUTION, 19TH JANUARY, 1928. 


Mr. F. W. Purse: In my own area there are not 
actually in commercial operation any baking ovens using 
electricity. Our local bakers’ association has gone very 
carefully into the question and as a body it is satisfied 
that there is a good future—or was a good future; I 
want to qualify that later-—for electric baking ovens; 
but they were anxious to see an electric baking oven in 
operation before committing themselves in any way and 
they suggested that we should install an experimental 
one. This was eventually done. The matter came 


prominently before our local bakers when we had our : 


Electrical Exhibition, as one of the ovens illustrated 
by the author was on view and attracted a great deal 
of interest. One is bound to agree with the summary 
of advantages of electric baking given by the author, 
but I think that the paper is deficient in that it does not 
give the costs of these ovens. A baker not only wants 
to know this but he also has to bear in mind that he 
will have to get rid of the oven he is at present using, 
because he will not want to duplicate it. If to offset 
the comparatively heavy cost of putting in an electric 
oven one could show him that there would be a very 
great saving due to the use of electricity it would be some 
inducement to him, but so far we have not been able to 
persuade our bakers to change over, in spite of the 


advantages of the electric oven enumerated in the 


paper. Bakeries are not being established on the lines 
of the multiple shops now springing up; they are all 
established, and have their trade and customers already, 
and it is only a small percentage increase that they may 
get in any one year as compared with another. On 
page 576 the author refers to.an installation taking 
85 kW. An installation of that size cannot be run from 
the low-tension distribution. It will be necessary to take 
in the high-tension.supply and transform it, and allow- 
ance will therefore have to be made for the extra space 


required for the transformer and the switchboard. With 
the regulations we have to observe as to size and space, 
probably the transformer substation will take up nearly 
as much room as the baker’s oven, and that will lessen 
the amount of space it is claimed to save. On page 582 
the author says “a baking load can be arranged to fill 
in the valleys by establishing an off-peak schedule,” and 
on page 584 he says “‘ It will be apparent that to compete 
on a price basis the cost of electrical energy per kWh 
would have to be ¿d.,” but despite many economies he 
says the figure really comes to 4d. I should have been 
very much happier 12 months ago in advocating elec- 
tricity at a low price, but I feel that I can do nothing 
for the moment, because the recent Electricity Act 
renders it impossible to fill in the valleys and give cheap 
electricity. The method given in the Act of ascertaining 
the maximum demand will operate in such a way that 
the higher the load factor the more will electricity cost. 
The author speaks of electricity at 4d. a unit. We have 
had figures supplied to us showing that it will cost as 
much as ¿d. a unit, so how can we sell it to the baker 
at $d.? Iam afraid, therefore, that, for the moment at 
any rate, the author’s hopes of installing a great number 
of these ovens and filling up the valley caused by the 
peak load as he suggests will be dashed to the ground, 
because we cannot with any confidence offer these low 
prices, as the more the valley is filled up the more will 
be the price of bulk supply, under the 1926 Act. 

Mr. J. C. M. Kerslake: For 20 years I have been 
dreaming of an electric oven which would be reliable 
and not entail a prohibitive cost. It must be absolutely 
reliable, by which I mean there must be no risk whatever 
of a breakdown. If the electricity failed for 2 hours in 
the course of the night’s baking the whole product would 
be spoiled, because the fermentation will not stop.- If 
what the author says is true from a baker’s point of 
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view, and he is able to produce 4 quarterns of bread at 
9d., which is 3s. per sack more, and the electricity for 
baking costs only Is. 94d., then he is getting his bread 
baked for nothing and is getting ls. 24d. extra profit on 
the sack; at any rate, that is what is shown in the paper. 


I do not doubt for one moment the truth of this state- . 


ment as seen from the electrical engineer’s point of view, 
but I should like to see the saving in actual practice. In 
a half-sack steam-pipe oven I can save an ounce a loaf. 
If I were to install electric ovens to-day they would be 
of the half-sack size, and no more. They can be filled 
in 3 minutes and emptied in 14 minutes. Now, the 
bread of which the author speaks was probably sold 
while it was warm, but the loaves sent out from my 
Lewisham bakery are anything from 8 to 10 hours old 
before they leave my premises, and therefore I have 
to put in extra weight because the moisture evaporates. 
By “solid heat’’ we mean the condition of the oven 
when it will bake two or three batches of bread-consecu- 
tively without any additional fuel. At Lewisham we 
do not use the ovens for actual baking for more than 
8 hours a night, and therefore they are what we call 
“laying down ” for 16 hours in the 24, and on Sunday 
night it takes more fuel to get those ovens to baking 
point than to bake all our bread. On Saturdays, when 
we use the ovens for 18 to 20 hours, the cost starts 
at ls. and falls to 14d., and the last few sacks cost nothing 
for fuel. Steam-pipe ovens do not produce “ flash heat,” 
but a regular, continuous heat. <A side-flue oven would 
be “solid * enough to bake two or three batches of 
bread, but the bread would be practically the colour of 
the dough. We therefore throw in some shavings or 
turnings. This produces a flash over the top and puts 
on the desired colour for the finished product without 
burning it. That is what we call “ flash heat.” I do 
not quite understand what the author means on page 584. 
He says that an average saving of 5 to 6 ounces per 
cake was obtained with electrically-baked cakes as 
compared with those baked by gas. But what size 
were the cakes? If they were 10-lb. cakes the saving 
would be of the right order, but with a 1-1b. cake it 
would be rather extraordinary! Travelling ovens are a 
great success where there is enough business, but if they 
are electrically driven absolute continuity of supply is 
essential. In a recent French invention it is claimed 
that baking can be carried on for 4 hours after an elec- 
trical breakdown has taken place. By increasing the 
storage and lagging this period can, it is said, be extended 
to a week. There is no question in my mind about the 
attractiveness of the electric oven, but I should like to 
know why an oven cannot be built on the lines of a 
Thermos flask. This French oven loses 1 deg. C. per 
hour. In my opinion the most efficient. and reliable 
oven to-day for small bakers is the side-flue, oil-fired 
oven. 

Dr. T. Settle: I know of at least 200 electric baking 
ovens operating all over the country, some of them at 


4d. a unit, some at łd., and some at ld. or even more. | 


It is quite true that for large bakeries the rate should 
not exceed $d. a unit. For smaller ones $d. seems to 
be still practicable, whilst for a mixed trade, including 
bread, rolls and all kinds of pastry and cakes, even 1d. 
a unit might be considered a reasonable proposition. 


These rates are being given all over the country by 
supply undertakings, and bakers who have used these 
ovens, in some cases for 2 or 3 years, are quite satisfied 
and are talking about putting in additional ovens. 
The very large 24-sack Magnet draw-plate oven installed 
at Glasgow, to which the author refers, has a maximum 
loading of 58 kW, and current is supplied at 4d. a unit. 
This is evidently an economic proposition, because the 
same customers have just ordered two similar ovens of 
the same capacity. Naturally the bakers are likely to 
compare in the first instance the cost of electric current 
with the cost of other fuels. This difficulty is found in 
other industrial heating problems. The only proper 
way, of course, is to compare the all-in cost of electric 
baking with the all-in cost of other types of ovens. I know 
a baker in a fairly large way who will not tell me his 
expenditure for current, but he tells me he saves so 
much per month as compared with his previous method 
of baking. The saving in dough has been quite definitely 
established. Whilst for the 2-Ib. loaf bakers are accus- 
tomed to weigh in 2 lb, 4 ozs. of dough, with electric 
ovens they need weigh in only 2 1b. 3 ozs., or even: less. 
This has been very carefully investigated. I have had 
loaves baked in an electric oven which weighed in at 
2 lb. 3 ozs., and which when weighed 2 days afterwards 
by the Inspector of Weights and Measures weighed 
the full 2 lb. For the development of electric baking, 
very close co-operation between manufacturers and 
supply undertakings is necessary. In the United 
States this has been realized to the fullest extent. On 
the occasion of my visit to that country about 18 months 
ago, 1 found that practically all the more progressive 
supply undertakings had an engineer on their staff whose 
sole or principal duty it was to push electric baking and 
commercial electric cooking. These engineers:co-operate 
with the manufacturers and keep in constant touch with 
new developments and with existing installations, so as 
to obtain correct data and any information required for 
propaganda purposes. The results are highly satis- 
factory. I am keeping in constant touch with develop- 
ments in the United States, and 1 find that progress there 
is very rapid and that electric baking is increasing by 
leaps and bounds. I have seen quite a number of the 
smaller installations referred to by Mr. Kerslake, and 
the results were very satisfactory and the bakers very 
pleased. In Chicago I saw at least a dozen confectioners’ 
shops or bread-baking establishments in which one or 
two peel-type ovens were installed. A particularly 
interesting feature in American practice-is that in all 
electric baking installations the rate charged for current 
varies from month to month according to the con- 
sumption. The higher the consumption, the lower the 
figure per unit. This encourages bakers to increase their 
output. I should like to draw attention to the peculiar 
position in certain districts in London which are under 
the control of the London County Council. In some of 
these districts most of the bakeries are underground. 
Apparently this is to be stopped, and in case structural 
alterations become necessary in such underground 


_ bakeries the premises are being condemned as unsuitable 


for baking purposes. By the introduction of electric 
baking ovens, most of the objections to underground 
baking would seem to disappear, but the. bakers are 
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afraid to approach the L.C.C. because they are not clear 
as to what the situation really is. 1 think the National 
Association of Bakers should take an interest in this 
question, because if the case were put from their side 
to the L.C.C. quite a number of these underground 
bakeries could be converted to electric baking and the 
sanitary. and other conditions very much improved. 
As far as the design and construction of electric baking 
ovens is concerned, 1 am glad to say that the mistakes 
which were made, to some extent, in changing over from 
gas and coal cooking in the ordinary domestic cooker 
have not been repeated. Domestic electric cookers are 
very often nothing but converted gas or coal cookers. 


In the case of baking ovens, however, the American and | 


British makers have started to design them right away 
as electrical units, without too close adherence to 
existing practice. I am strongly opposed to the con- 
version of ordinary existing ovens, and particularly 
brick ovens. I have been called upon to look into this 
question on several occasions, and I have invariably 
found that the expense would be almost as much as for 
the supply of new ovens, whilst the full advantage of 
electric baking could. not be realized. I am quite 
certain that it would not be in the interests of the elec- 
trical industry to advocate such conversions, because 
obviously an electric oven ought to be designed specially, 
bearing in mind all the necessary electrical and mechani- 
cal requirements. Furthermore, each job would have 
to be treated on its own merits, and this cannot be 
considered a proper manufacturing proposition. With 
regard to the design and construction of electric ovens, 
one of the most important items is the correct lagging. 
Practically no general information is available, but the 


normal tendency is to increase the lagging with the . 


size of the oven. This may be correct to some extent, 
but many factors have to be taken into consideration, 
such as the radiation of large metal surfaces and the 
difficulty of avoiding any metallic contact between inner 
and outer casings. This latter difficulty is a very 
serious one, but it has been tackled by various makers. 
It has been reduced to a minimum, but there are of 
course points at which there must be metallic contact 
in order to ensure proper construction. There is no 
doubt there must be a best size of lagging for each size 
and design of oven. It varies considerably. Even in 
the United States I found that for the same size of 
oven, by different makers, the lagging varied from 4 in. 
to 6 in., even for small ovens. The bakers in this 
‘country are evidently aware of this problem. I am 
referring to an article I saw the other day, written by 
Mr. Kerslake. There is a superstition in existence 
amongst bakers, very possibly fostered by the opponents 
of electric baking, that electric elements will break down. 
I do not refer only to the oven for which I am responsible, 
but to the ovens of practically all the makers, when I 
say that I know replacements of elements are practically 
never called for. Everybody who can counteract this 
supérstition will do good ‘servicé to the elettrical in- 
dustry. I know that for 200 ovens at least no spare 
elements have yet been required. The elements must 
be run at dull red heat. They are well protected, and 
beyond the risk that exists in the case of any wire, and 
which can be reduced by running at a low temperature, 


there is no danger of any breakdown. In my opinion, 
thermostatic control for peel-type ovens is unnecessary, 
and the standard three-heat series-parallel control is 
quite sufficient and gives all the necessary flexibility. 
Bakers very quickly learn to handle their switches and 
regulate the heat to their own liking. In the United 
States the bulk of the peel-type ovens are supplied 
with thermostatic control, but it is not being used 
on the ovens I saw, and the bakers informed me that 
they did not consider it necessary. The case is entirely 
different, however, for the large travelling ovens, which 
are divided into compartments, and where it is very 
necessary to maintain the proper temperature for each 
of those compartments. The large travelling oven is 
gaining more and more ground in the United States. 
I did not see any electric draw-plate ovens in operation 
there, but I saw large numbers of peel ovens and large 
travelling ovens. I was also fortunate enough to see 
in operation several of the Rainier type ovens to which 
the author has referred. One of these has been working 
for some considerable time. This is an oven 51 ft. long 
and 6 ft. wide, with a loading of 120 kW. It produces 
1 300 1-1b. loaves in 70 minutes. The average cost of 
current over a long period works out at $1.14 per 
1 000 Ib. of bread, including all charges for lighting and 
motive power, and the rate charged by the supply 
company is 1-09 cents, which is a little less than 4d. 
At Portland, Oregon, I obtained some interesting figures 
referring to a large Rainier travelling oven. This oven 
has a rated capacity of 164 kW, and the supply company 
charges an average of about 1-2 cents per unit. I have 
seen details of a very interesting test carried out with 
this oven. The total energy consumed from a Sunday 
at 6.15 a.m. to the following Saturday at 4 a.m., a total 
of 142 hours, amounted to 8199 kWh. The actual 
hours of operation were 1213. The total cost of opera- 
tion, at 1-2 cents, amounted to $98.38. The average 
hourly consumption was 67-34 kW, and the average 
cost per hour 80:8 cents. I have not been able to obtain 
the weight of the product; I was told that the baker in 
question was not interested in it, but the figure for the 
cost of current represents 1-1 per cent on the retail 
price of the product. The size of these travelling ovens 
is apparently continuously increasing. In Brooklyn 
there is an oven installed which is 120 ft. long and rated 
at 750 kW. The ‘Magnet draw-plate oven mentioned 
by the author has now been working for about 10 months, 
and the results are extremely good. All the bread 
baked at the first experimental operation immediately 
after the erection of the oven was so satisfactory that 
it was sent out for sale in its entirety, and since the oven 
has been working not a single loaf out of 750 000 has 
been spoiled. This result particularly impressed the 
bakery in question, because with their fuel-fired ovens 
they had a large number of rejects. There is no doubt 
that the output of all electric ovens compares very 
favourably with that of other types of ovens. In many 


"cases where electric ovens have been installed. the 


existing auxiliary and preparatory arrangements could 
not keep pace with the output, so that the oven gained 
on the supply of dough. In some cases, and especially 
in the mixed trade, bakers have been able to increase 
their output considerably, without any additional 
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expense for labour and using only the normal amount of 
current, 

Mr. P. Diény: I should like to give a few figures 
regarding the French baking ovens mentioned by Mr. 
Kerslake. With this type of oven the electricity is 
switched on during the whole night, from 7.30 p.m. or 
later in the evening until 6 or 7 a.m., with the possibility 
of switching on the current for 14 or 2 hours during the 
midday period, when the current can be obtained at 
the same price as during the night. The baking with 
these ovens can be done throughout the day, except 
during the noon period when the current is switched on, 
by means of the calories accumulated in the mass. 
These ovens are constructed of masonry, and generally 
have two baking chambers, each chamber having a 
surface.of 5 to 6 m?, The thermal insulation is obtained 
by building round the principal mass a wall having 
between it and the principal mass a judiciously calculated 
space filled with an isothermic body, as bad a conductor 
of heat as possible. The heat accumulators consist of 
a material which is a bad conductor of heat, stable and 
of very good dielectric quality. These heating units 
are placed beneath the floor of the lower baking chamber, 
between the bottom and top chambers and above the 
top chamber. The capacity of the accumulator is 
113 000 calories per m, the consumption per bread 
baked being 343 calories per kilogramme of bread, 
corresponding to about 400 watt-hours. This would 
give about 180 watt-hours per pound of bread. The 
resistances are embedded in the accumulator, and are 
therefore working in a partial vacuum consisting of a 
neutral atmosphere, and they are thus preserved from 
the oxidizing effect of the air and steam. In addition, 
the temperature of the heating elements is never above 
500°C. Any heating element can be replaced without 
stopping the working of the ovens during the day, and 
this requires only a few minutes. The heat insulation 
of the ovens is such that the temperature in the baking 
chambers varies from 200°C. to 250°C., whereas the 
outside walls show a temperature of 25°C. to 30°C. 
only. As regards the baking during the day, the 
evens bake 8 batches of 54 loaves of 2 kg each, or 
4-4 lb., or a production corresponding to 960 kg of 
bread per day, which is the average sale of a Paris 
baker, and that can be baked during the day by means of 
the heat accumulated during the night. The. first 
batch is baked at a temperature of about 250° C. and 
the last batch at about 200°C. A fall of temperature 
- of only 6 deg. C. takes place after the baking of each 
batch. I understand from the French firm manufac- 
turing this type of oven that they have at the present 
time under construction a new, perfected type from 
which they expect still better results, and they mention 
also that they are just installing an electrically-heated 
oven in the French transatlantic liner ‘‘ Isle de France ” 
to replace an oil-fired oven. Another point they men- 
tion is that on one occasion they were able to bake 
300 kg of bread 36 hours after the current had been 
switched off. 

Captain H. E. O. Ellis: As a contractor, several 
points in the paper particularly appeal to me and at 
the commencement my commercial instincts were 
aroused by the possibility of increased turnover with 
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prospects of more personal profit. It has been ‘said 
that one must pay for pleasure and this extra profit is 
indicated later in the paper. The present method 
adopted by the majority of small local bakers as apart 
from large multiple-shop bakeries to satisfy the demands 
of their customers, appears to depend almost entirely 
upon the personal experience of the baker with his 
oven. The temperatures vary considerably in different 
parts of the oven, the consistency of the dough varies 
and the degree of fermentation varies. With experience 
the baker appears to know that certain dough placed 
in a definite position of the oven will give the results he 
wishes. The method has been apparently adopted 
throughout the ages and it occurs to me that the first 
difficulty to be met with will be to convince the baker 
that his methods are wrong. The next difficulty will 
be to educate electrical engineers into the art of dough 
mixing, whilst a third will be to create such a demand 
from bakers as will require the supply undertakings to 
consider the possibility of cheap rates during off-peak 
periods. My prospect of personal profit therefore 
decreases, for it is apparent that whilst the demand for 
electric baking will doubtless increase, it will require 
the service of highly specialized electrical engineers, 
publicity and supply undertaking co-operation to 
satisfy it. The author’s reply will no doubt be that 
other industries have met the advances of electricity in 
a similar manner and have been ultimately satisfied, 
and that obviously considerable advance has already 
been made with the larger bakeries, but it appears to 
me that a very considerable amount of propaganda will 
have to be done in connection with both the bakers and 
the supply undertakings. The veiled warnings con- 
veyed in the paper of the many pitfalls which may await 
the unwary amplify some recent experiences of my own 
and should be regarded very seriously. 

Mr. W. B. Woodhouse : I imagine that the important 
considerations from the point of view of the baker are 
cleanliness, convenience, cost and quality of product. 
As to cleanliness, there can be no comparison between 
electrical methods and any other. The complete 
absence of smoke, dirt or fumes must be of great value. 
As to convenience, the control of the apparatus is so 
simple, and the regulation of the heat may be so accurate, 
that this must be a substantial advantage. As to cost, 
I think the author unnecessarily emphasizes the cost of 
electricity in view of the other important considera- 
tions. For example, the cost of current at ¿d. per 
unit would appear to be approximately 3 per cent of 
the selling price of a loaf. The price of bread in London 
is 2-375d. per lb. and the cost of current approximately 
0-075d. per lb. On the other side the author's figures 
indicate a gain in weight of 3 per cent, which would be 
equivalent to the cost of current; in other words, elec- 
tricity pays for itself. As to the quality of the product, 
in my experience this is a very important consideration; 
due to the accurate regulation of baking the appearance 
and quality of the product are most attractive. In one 
case of which 1 have heard, a baker producing fancy 
cakes has found that the electrically baked cakes were 
so much larger and better looking, although the original 
materials were the same, that he has been able to sell 
his 14d. cakes for 2d. . : 
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1, Mr. H.: Duckworth (communicated): What, in the 
author’s. opinion, is the best method of measuring the 


temperatures at various parts of ovens?. The difficulty | 
of measurement is well known to those who conduct | 
If a thermometer is used it should be | 
| this could be perhaps permitted for baking ovens, 


tests on ovens. 
one .calibrated to the same depth of immersion as will 
be employed in the ovens. A suitable method would 
appear to be to use a thermo-junction on a swinging 
‘support so that it can be moved to any position in the 
‘oven, with some form of shield to prevent errors due 
to. direct radiation and convection currents. Informa- 
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tion as to the method of temperature control recom- 


mended, and also the limits of this temperature control, 
would be of interest. Many types of thermostatic 
control do not control the temperature to within very 
close limits of the desired temperature, and, although 


closer regulation is often desired when ovens are used 
for other purposes. 


[The author’s reply to this discussion will be found on 
page 594.] 


SOUTH MIDLAND CENTRE, AT BIRMINGHAM, 18TH JANUARY, 1928. 


Mr. F. J. Moffett : In this country, where the bulk 
of the electricity used is generated in steam-driven power 
stations, the use of many electric heating appliances 
1s not economically justiñed. Taking the heat equivalent 
of the electrical energy delivered to the consumers' 
premises and the heat units in the fuel used in the power 


station to generate this energy, the overall thermal 


efficiency is not more than 10 to 15 per cent. For baking 


.ovens, however, a good case can be made out for the use © 
-of electricity. By a method of construction which | 


provides for the effective heat insulation of the oven, 


the heat losses can be reduced far below those with any — 
form of fuel-heated oven, so that a very large proportion : 


of the total heat input is actually absorbed in bread 
production. The heat is supplied at the exact point 
where it is required and it is practicable to ensure that 
the variation in temperature throughout the oven is 
-very small. Electric heating lends itself admirably 
to automatic control if this is desired, and hand control 
is much more easy than in fuel-heated ovens. On 
page 572 the author claims 90 per cent efficiency for 
electric baking ovens. Is this the ratio of the theoretical 
‘heat units required for baking a certain weight of bread, 
to the total heat input? Electricity supply under- 
takings should find large baking ovens a most desirable 
addition to their load. From this point of view the type 
.of oven with a large heat-storage capacity would appear 
‘to be the most suitable. An oven of this type could 
be switched on to the supply—by time switch if most 
convenient—at, say, 11 p.m. and switched off at 6 or 
.7 a.m., when it would be ready for use during the day. 
The consumer, in return for his good offices in providing 
such a valuable form of load, could naturally look for 
a favourable tariff during these hours. The author 
‘mentions.that $d. or §d. per kWh would make it possible 
‘for the electrically heated oven to compete on equal 
terms with the fuel-heated oven, and this figure does 
‘not appear to be impossible with a modern supply 
‘system. The oil-fired oven appears to be a dangerous 
rival. According to the author the cost per sack of 
“bread baked in an oil-fired oven is 8d., which is equivalent 
‘to a cost of #d. for electrical energy. I am afraid 
‘that few. of our supply undertakers would consider such 
‘a price per unit. I have recently seen an electrically 
‘controlled system of oil-firing small boilers which could 
‘easily be adapted for use with baking ovens of the 
-steam-pipe type. The oil jet is ignited electrically and 
operated by an electric blower. A thermostat which 


controls the starting and stopping of the burner is 
fitted, and consequently the control can be entirely 
automatic. An oil storage tank is required but this 
may be placed at a height sufficient to avoid any en- 
croachment on floor space. The author states the 
advantages of oil over solid fuels but does not include 
the absence of ashes, dirt and dust, which puts oil firing 
on the same terms as gas firing. ` 

Mr. A. Cruxton : I approach this subject with quite 
an open mind, recognizing that the ovens of the future 
will undoubtedly be those electrically heated. My 
remarks will be made from the standpoint of a bakery 
engineer and oven builder, dealing in the main with 
bakers’ ovens. There are several points on which I 
must disagree with the author. He mentioned that with 
flame-type ovens it was evidently an impossible ideal 
to obtain even heating. He was evidently speaking from 
his experience of the types he knew. We make an 
oven which works on an entirely different principle. In 
every other make of oven, of course with the exception 
of the electric oven, the hot products, when they have 
reached a certain height, are lost if they have not done 
their work. In our type they cannot get away until 
they have done so, only the coolest products being 
allowed to escape. In a recent test on a gas oven erected 
by us at Smethwick, the thermometer registered 500° F. 
In the two front corners for a space of about 7 in. the 
test thermometer showed 505° F. The temperature of 
the remainder of the floor was 500° F. in each part. 
The accuracy of the oven thermometer was tested by 
dipping the stem in boiling water, the reading being 
212° F. The gas oven is just as clean as the electric 
oven. I would point out that whilst it is necessary to 
consider the very large bakers, there is a large baking 
public which can only use small ovens, and for compara- 
tive purposes I give the following figures. We have a 
gas oven in Preston working 10 hours a day at a cost 
of 2s. 7d., this being the daily average over 8 months’ 
use. It is fired up for about 2} hours and the rest of 
the baking is carried on with the stored heat. The 


-paper makes no reference to any electric oven capable 


of doing this. I must disagree with the author with 
regard to steam-pipe ovens being difficult to heat‘ up 
and cool again, as we found that a considerable factor 
against us in our older type of ovens and it necessi- 
tated our putting on a new type to meet the require- 
ments of mixed trades. It is a simple matter to cool 
a steam-pipe oven by raking out the fire and opening the 


ELLERD-STYLES: LARGE ELECTRIC BAKING. OVENS: DISCUSSION. 


591 


furnace and ashpit doors and the damper fully. With 
regard to night baking, a law was passed in Australia 


abolishing this but it eventually became a dead letter. - 
Consumers would not take the bread, as it was stale and . 


they preferred new bread. This caused a number of 
bakers to supply new bread illicitly. This practice 
increased to such an extent as to render the working of 
the Act almost impossible, so I do not think we have 
much to fear from the abolition of night baking here. 
During the war the Defence of the Realm Act prohibited 
the sale of bread until 12 hours after it had been baked. 
Doubtless many will remember that a number of bakers, 
finding that they could not sell the bread stale, supplied 
bread that was new and eventually the regulation in 
connection with the matter became a dead letter long 
before it was repealed. I was interested in the various 
types of oven doors described by the author. In this 
connection I should like to mention that we find it 
necessary to fit our doors true to 0-002 in. Another 
point which interested me was in connection with the 
back of the oven, which, I have found from experience, 
always looks after itself. In our type of oven we make 
a point of getting the front slightly hotter than the back 
in order to counteract the chilling effect when the doors 
are opened. Assuming the elements to be all dis- 
tributed evenly in an electric oven, I should like to 
know how this difficulty is got over. I agree with Mr. 
Moffett that oil is becoming a formidable competitor 
of the other types of heating for bakers’ ovens. My 
chief witnessed a demonstration with a portable oil- 
firing set'on a side-flue oven. In 10 minutes it had 
flashed up the side-flue oven to the temperature required 
and the baking results were perfect. No special fittings 
were required on the furnace, unlike so many other types. 
The nozzle was merely placed through the open furnace 
door. 
oven which is equal to any electric oven at present on 
the market. - 

Mr. R. H. Rawll : In some of the examples of electric 
ovens illustrated in the paper, lamps are shown in the 
neighbourhood of the inspection doors for the purpose 
of illuminating the interior of the oven. Considering 
that the operating temperature is between 400 and 
500° F., it would be interesting to know the method 
adopted for fixing and wiring such lamps. The author 
does not mention the voltage usually employed for 
electric ovens. The only ones I have seen personally in 
Operation are designed to work on 200 to 250 volts. 
Although the author does not expressly say so, it would 
appear from the several references to power factor in the 
paper that the majority of these ovens are working on 
alternating current. Assuming that the average oven 
has a loading of 20 kW, the author is rather optimistic 
in thinking that such loads could in most cases. be 
taken off the ordinary low-tension network without the 
provision of more copper. In many instances it would 
mean a supply from the e.h.t. ring mains, with the 
necessary switchgear and transformer. For the average 
baker who is in a small way of business this would: be 
out of the question, on account of the expense involved 
and the space necessary for such substation equipment. 
To the large mass-production bakeries, of course, such 
objections would not apply. .I recently saw a two- 


I believe that we are now producing a gas-fired. 


deck electric oven which had been installed for con- 
fectionery purposes, loaded about 15 kW and fed from 
the ordinary low-tension d.c. network. This was fixed 
in such surroundings that no. other form of oven would 
have been possible or safe without considerable struc- 
tural alterations to the buildings, and admirably illus- 
trated the advantages of electrical application in this 
respect. As regards rates of supply, although here 
in Birmingham the figure advocated by the author has 
not yet been.reached, it may be of interest to state that 
a low-tension supply is given to approved ovens at a 
charge of 0:75d. per unit, subject to no current being 
taken between 3 p.m. and 6 p.m. during the months 
October to January inclusive. 

Mr. G. S. Cattell: The author fears that progress 
is being handicapped by the high rates charged for 
current in Britain. Whilst this may apply in many 
directions, the fact remains that there are many baking 
installations at the present time where power is available 
at such rates that the cost of operation is quite reason- 
able. Where it is proposed to install a single oven of a 
loading possibly of 10 or 20.kW, it is surely good enough 
to expect a rate of $d. per unit and many undertakings 
offer this~at the present time. Such installations, 
however, only apply to small bakeries and, when one 
considers the larger firms engaged in the baking industry, 
loads of far greater magnitude come within the range of 
possibility. It is not looking too far ahead to say that 
loads of 500 or even 1 000 kW may. be offered by large 
bakeries which install electric ovens. As almost all of 
these would be working during the night they would 
provide a very acceptable load. In some places such 
favourable rates have been quoted that large-scale 
electric baking is no longer a dream of the future but is 
already a practical and commercial proposition. The 
author does not lay stress upon the amount of electric 
baking that is carried on in Britain at the present time, 
and it would appear that’ such developments are now 
taking place that in the immediate future there will be 
a great demand for electricity in the baking industry. | 
As electrical engineers, we are most interested to know 
that a comparatively new application is gaining headway, 
but those engaged in the baking industry naturally 
take a different view. First.and foremost comes the 
question of the cost of carrying out baking operations, 
and with current at 1d. per unit the cost of bread baking 
is undoubtedly higher than when the older forms of 
heating are used. With the coming of the 4d. unit, 
however, the matter takes'on a different aspect, and 
the cost of bread baking under such conditions is not 
too high to be prohibitive, whilst with a rate of $d. per 
unit electricity more than holds its own. The author 
makes it clear that he is in favour of the conversion of 
existing ovens to electric heating, but this does not seem 
at all a desirable course to pursue and it might almost 
be said that each oven so dealt with would require ‘so 
much special attention that electric heating would never 
make much headway on these lines. Again, many 
existing Ovens are of great mass and the idea of storing: 
up heat in this way during the night in order that it 
can be utilized for baking during the day is not good, 
since low overall efficiency must result. The author 


states that with certain baking ovens an efficiency of 
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90 per cent can be obtained. It is difficult to see how 
such a figure -is arrived at, but if such efficiency is 
attained with a well-insulated, light-weight, electric 
baking oven, then a much lower figure would be found 


in the case of a large and heavy brick-built oven where 
stored heat was utilized for baking later on. 

[The author’s reply to this discussion will be found on 
page 594.] 


NORTH-EASTERN CENTRE, AT NEWCASTLE, 23RD JANUARY, 1928. 


Mr. W. Richardson : The most important question 
in the paper is that of cost of operation. The paper 
does not contain any table of comparison for the cost 
of baking with ditterent fuels. The following figures 
were given to me by a local baker, and cover the cost 
of fuel only per sack of bread baked. 


Large oil-fired travelling oven .. 
Coke-fired draw-plate oven (about) 
Electricity, 40 units at 0-5d. per unit 


On page 582 the author points to an installation in 
which the bread saving is 500 Ib. on an output of 24 000 
loaves, and in another instance a bakery claims a saving 
of $ oz. of dough per 1 lb. of bread. A well-known 
maker of electric baking ovens makes a similar claim in 
his descriptive leaflet. Taking the first case mentioned 
by the author, this means a net saving, owing to in- 
creased output, of £5 14s. 2d. Taking the electrical 
consumption for baking the 120 sacks of bread to be 
4 800 units, this is equal to a reduction of 0:285d. in 
the cost of current. In the second case the increased 
bread output, taken at the selling price of bread, repre- 
sents a value of 2s. 9d. This is a remarkable saving, 
as it is equivalent to a reduction of 0:82d. in the cost of 
current, Tests made with an electric oven at Poplar 
gave the following figures :— 


6d. per sack 
ls. per sack 
2s. per sack 


A coal-fired oven requires 2 Ib. 4 ozs. dough per 2 Ib. Icaf. 
A gas-fired oven requires 2 lb. 3 ozs. dough per 2 Ib. loaf. 
An electric oven requires 2 Ib. 2 ozs. dough per 2 Ib. loaf. 


If this claim for the saving in the amount of dough can 
„be substantiated for all electric ovens as against any 
fuel-fired oven, it is not clear why the author lays such 
stress‘ on’ the necessity for very cheap current;. but I 
suspect that this claim cannot be supported in all cases, 
and I should like the author’s opinion on this point. 
It seems significant that some of the prominent makers 
of electric ovens do not make a similar claim. On 
page 584 the author refers to oil-fired ovens being the 
most serious competitor, and gives a figure of 6d. per 
sack as the cost of oil fuel. * I understand from a large 
baker in this district, with a travelling oven somewhat 
similar to the Rainier type mentioned in the paper, 
that it is giving a consumption of 6d. per sack. In 
my opinion it is impossible to compete with this figure, 
and "I cannot understand the author's statement’ that 
3d. per kWh would compete on a price basis. The actual 
figure is about 0-16d. This oven is a large travelling 
oven, and I should like to have the author's estimate 
of the oil consumption for the standard steam-pipe peel 
oven of, say, 1 sack capacity when used on oil fuel. 
The author refers to the probability of the abolition of 
night baking and suggests the use of a heat-storage 
oven to overcome this difficulty from an electrical point 
of view. In my opinion this type of oven has: many 


- supplied at an economic rate. 


disadvantages that can be briefly summarized as follows: 
(1) The heavy weight makes this a permanent fixture, 
which must be placed on the ground floor of the bakery; 
(2) the oven would have a reduced output when com- 
pared with a fuel-fired oven of the same capacity, 
owing to the waiting for the stored heat to penetrate 
through the oven after each baking. -The author gives 
a figure of 30 minutes between batches, which would 
almost reduce the capacity of this oven to one-half 
that of a fuel-fired oven of the same capacity. 
(3) Another difficulty is that the oven is not flexible. 
By this I mean that in the case of a baker with an 
expanding trade, increased output can only be met by 
additional oven capacity, or alternatively using electrical 
energy during the day to increase the output of the 
oven after the stored heat has been exhausted. I 
should like to ask the author how he proposes to obtain 
the extra capacity necessary for baking on Saturdays 
and at holiday periods. Is it proposed to make the 
original heat-storage capacity sufficient for the maximum 
requirements, or would this be done by using current 
during the day? I should like to suggest that this 
oven might be improved by using carborundum refrac- 
tories, which have a heat conductivity 7'times that 
of ordinary firebricks and would probably reduce the 
waiting period necessary between batches. 

Mr. S. E. Monkhouse : The author states that the 
cost of current is the greatest hindrance to the adoption 
of electric baking. This is a general statement with 
which I cannot agree, as there are other factors operating 
against the immediate adoption of electric ovens. 
Many bakers have installed oil-fired and other modern 
ovens and this is one direct cause preventing many 
bakers from deciding to use electricity. I am sure also 
that the commonly-held view that electricity is too 
expensive for heating purposes has not yet been ex- 
ploded, largely, no doubt, due to lack of propaganda, 
and I believe that many ovens using other forms of 
heat have been installed without any investigation on 
the part of the user as to the cost of electricity. The 
author makes reference to the necessity of current being 
Naturally, the price 
must be a suitable one from the baker’s point of view, 
but it must also be an economic one to the supplier, 
and the forecast on page 569 that night baking will be 
abolished has a considerable bearing on the question 
from a supplier’s point of view. I agree that everything 
points to the inevitable adoption, ultimately, of day 


baking, but this type of supply involves heavy demands 


and if this load becomes a day demand it may result in 
reinforcements of distribution networks. I feel, there- 
fore, that as the cost of energy is such a vital factor in 
the cost of bread making, it is important that con- 
sideration should be given to the heat-storage ovens to 
which the author refers. Are any of these ovens at 
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work in this country? The author states that the 
weight of a heat-storage oven ranges between 30 and 
70 tons; this is certainly a disadvantage, but is it not 
possible to reduce this by so arranging the oven that 
its principal heating is accomplished by night and that 
topping-up is done by day? Can the author give com- 
parative operating costs for electrically-fired and oil- 
fired ovens of the same type of equal or approximately 
similar size? Can he also give some idea as to how the 
capital cost of an electrically-heated oven compares 
with the cost of an oil-fired oven? The saving in flour 
resulting from the adoption of electric heating is given 
by the author when he makes a comparison with a gas- 
heated oven. Can he say that an electric oven would 
show up as well if compared with an oil-fired furnace, 
which he forecasts as electricity’s ultimate rival for 
baking purposes? The operating costs given in the 
paper refer presumably to the “ peel” type of oven. 
Has the author any corresponding data that he can 
supply regarding the heat-storage oven ? 

Mr. J. Crosby: The electric oven makes a strong 
appeal to the baker owing to the fact that there is no 
fuel of any kind to deal with, and consequently no 
products of combustion. It greatly helps in improving 
the hygienic conditions of the bakery. I have used a 
domestic electric oven for over 10 years with satis- 
factory results. I find it better than coal or gas, and 
there appears to be no reason why, when sufficient 
experience has been gained, the same satisfactory results 
should not be obtained in a large bakery oven. The 
author refers to the question of heat storage; this is a 
very important feature in a large commercial oven for 
bakery use. There is not only the question of heat 
storage, but the property of the material used to release 
the heat at a suitable rate for baking, i.e. neither more 
quickly nor more slowly that the product being baked 
can absorb the heat. In the building of internally 
heated ovens it has long been known that lakestone 
possesses this property to a marked degree, and it is 
better than any other known material for the purpose. 
This question of heat storage is wrapped up with the 
international prohibition of night baking, which has 
already been agreed to by the International Labour 
Conference at Geneva. The abolition of night baking 
has been urged on health grounds, but, so far as this 
country is concerned, statistics show that the bakery 
trade compares exceptionally well with other industries 
as regards the health of its operatives. In Switzerland 
electric ovens have been extensively adopted, the 
supply companies giving a special rate for the night 
load, and the prohibition of night work will put the 
Swiss bakers in a very awkward position. It has been 
stated that in an electric oven there is less loss by 
evaporation during the process of baking. This story 
has been told to bakers ever since the first patent ovens, 
the “ Bailey Baker ” and the “ Perkins,” were intro- 
duced to the trade. The best makes of fuel ovens in 
use to-day give results in evaporation losses that 
it will be difficult to improve upon, and I think 
that claims in this respect should not be pressed unduly. 
The cost of fuel varies considerably, but for coke-firing 
7d. to 9d. per sack of 280 Ib. of flour is an average 
figure. With oil firing this figure could be reduced 
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slightly. With electricity at 1d. a unit the cost would 
work out at about 2s. 5d. per sack. The most serious 
competitor to electricity will be oil fuel, for while the 
products of combustion have still to be dealt with, the 
handling of solid fuel and ashes is entirely done away 
with. 1 have had some experience with large bakery 
ovens heated with town’s gas for the baking of confec- 
tionery. The cost of gas worked out at approximately 


2-5 per cent of the value of the goods baked. When 


the same ovens were heated with coke the cost of fuel 
was 0-6 per cent of the value of the goods baked. In 
some of the large electric ovens which I have seen, 
the heating was irregular when the switch was in the 
“low” position. There were cold patches at the points 


_ where the alternate elements were cut out, and unduly 


hot patches where the elements were in circuit. I 


understand that these difficulties are gradually being 
, overcome, and I am sure that when a little more ex- 


perience in the construction «and use of large electric 
ovens has been gained there is a great future for . 


them. 


Mr. H. A. C. Ridsdale : I think that the case for 
electric baking is not quite so good as it appears from 
the paper. In the application of electricity to any 
heating problem, we are faced with the fact that elec- 


| trical heat units cost from 5 to 10 times as much as 
_ heat units produced direct from fuels. 
heating a proposition, we depend largely on the high 


To make electric 


thermal efficiency of its application as against the lower 


thermal efficiency of the application of other fuels. 


The efficiencies, however, vary with operating tempera- 
tures. To illustrate this point, I have a slide of some 


curves prepared by Mr. Woodeson, of the American 


Westinghouse Co., which shows that at baking tem- 
peratures, i.e. from 250° F. to 500° F., the difference in 
thermal efficiencies is small. It is, therefore, obvious 
that unless electric heating for baking can provide some 


definite and assessable advantages over other methods, 


it has no chance at all, because the primary cost of the 
heat is going to be greater. Amongst the advantages 
of electric baking mentioned in the paper is the reduced 
amount of dough that is necessary to produce a standard 
weight of loaf. I believe that this is due to the ease 
with which electric ovens can be made steam-tight, but 
I do not think that this can be regarded as a charac- 
teristic property of electric ovens only, although ap- 
parently insufficient attention has been given to making 
fuel-fired ovens steam-tight in the past. The tem- 
perature-distribution figures given by the author are 
very instructive, but bakers will not attach very great 
value to even temperature distribution. They know 
their own ovens from experience, and have a good idea 
of the temperature variations; certainly they seem to 
manage satisfactorily under existing conditions. The 
margin of profit on bread making is too small to make 
the case for electric baking easy. The cost of the 
heat is going to be greater, and the advantages 
are difficult to assess. A much greater margin of profit 
is gained with confectionery baking. On page 572 the 
author gives a figure of 90 per cent as a possible eff- 
ciency for a baking oven. Even if a 100 per cent load 
factor is assumed, I think this figure is much too high. 
In addition to a 24-hour radiation loss, much heat will 


594 


ETERS LARGE eee BARING OVENS: O 


be lost when the doors are opened for cecharslig: Can 
the author give any figures for the life of the heaters 
in electric baking ovens? At baking temperatures they 
should have a very long life. On page 580 it is stated 
that in the G.E.C. oven batches of bread are baked in 
10 to 15 minutes less than in the coke-fired oven. I 
should like to know the reason for this, because baking 
cannot be speeded up by raising the temperature. It 
seems to, point to something being wrong with the coke 
oven. 

Mr. P. Ward: The temperature records given in 
Fig. 1 are of great interest and will surprise most bakers, 
who usually regard their fuel-fired ovens as being 
of uniform temperature throughout. I notice that, 
generally speaking, the back of the oven is the hottest, 
and this, in the peel oven, is the position in which 
bread is placed first and removed last. With regard to 
alternative means of heating in case of emergency, 
referred to on page 578, I think the provision of such 
, alternatives is undesirable. Emergency apparatus 
generally fails to function at the time it is required, 
unless it is kept in more or less regular use, and if 
emergency oil or coke firing is provided the advantages 
otherwise gained by eliminating the necessity for fuel 
storage, ash removal, construction of chimney and 
firing alley are lost. The steam ejector mentioned on 
page 579 is necessary for a certain class of goods, but for 
ordinary bread baking the majority of bakers dispense 
with it and it is doubtful whether, in the average baker’s 
oven, the cost of adding an ejector is justified. More- 
over, this piece of apparatus, particularly in hard-water 
districts, is likely to give trouble. The elimination of 
through metal, referred to in the paper, is very essential. 


On some of the early as of ovens the heat losses 
through omission to pay attention to this point are 
very serious, I am rather surprised to note that the 
reel-type oven has proved more costly to run than 
the peel type. It has appeared to me that, owing to 
the time taken in loading and unloading the peel-type 
oven, the reel oven would show an overall saving. A re- 
markable figure is quoted for the shrinkage of gas-baked 


loaves within a period of 5 hours after baking. In 


view of the fact that a loaf while being baked in a gas 


oven loses a greater proportion of weight than one 


cooked in an electric oven, I should be interested to 
hear to what cause the author attributes this further 
loss. On page 582 he also states that the output of an 
oven per hour may be regarded as 1} times* the deck 
capacity. This hardly appears to be possible as it 
would mean three batches in two hours, and, as a batch 
of bread takes approximately 40 minutes to bake, no 
time is allowed for loading and unloading. I should 
also be interested to know what means were adopted to 
heat electrically the ends of existing steam. pipes in 
ovens. It appears to me that the progress to be made 
with the installation of baking ovens in this country is 
absolutely dependent on whether or not night baking is 
to continue. If it does not, then brick-pattern ovens 


-will have to be used and the advantages of what is called 


the “ tenant's fixture’’ type of oven are lost. With 
regard to the steam pipe which the author says is used 
in certain types of ovens where water is run into a pipe 
in which either holes have been drilled or saw-cuts 
made, I should like to know whether or not, in hard- 
water districts, trouble is experienced due to saw-cuts 
or holes becoming corroded. 


THE AUTHOR’S REPLY TO THE DISCUSSIONS AT LONDON, BIRMINGHAM AND NEWCASTLE. 


Mr. W. Ellerd-Styles (in reply): The discussion 
has mainly concentrated on the relative characteristics 
and performances of solid brick-built electric ovens as 
compared with the portable sheet-metal construction. 
As the former design is new to this country we cannot 
expect makers of the portable type to speak construc- 
tively of the merits or demerits of the brick type. 
Considerable skill, based upon years of experience, is 
called for in designing and erecting efficient brick ovens 
to obtain the desired efficiency and baking qualities, 
whereas the construction of sheet-metal-cased electric 
ovens is quite a simple task. 

Whilst in Canada and parts of the United States it 
may be desirable to stress the tenants' fixture in view 
of the peculiarities of expanding districts, necessitating 
transfer of the location of a bakery, in this country we 
seldom find a bakehouse from which the tenant desires 
to remove his oven. Certainly the brick oven is not 
influenced in the event of a few hours’ failure of the 
supply. The baker can therefore place dependence on 
such an oven on all occasions. 

The capital cost of a brick oven is no higher than 
that of a high-grade fuel-fired steam-pipe oven, and it 
occupies only 60 per cent of the space required by the 
latter. 

Although thermostatic control ‘adds to the first cost 


it is a strong selling point with electric ovens, and bakers 
recognize what a great advantage it is to be able to rely 
upon definite temperature, quite independent of the 
human element, and to obtain a predetermined tem- 
perature accurate to within 2 per cent. 

Dr. Settle and Mr. Cattell misunderstand me on the 
question of converting existing ovens to electric heating. 
Whilst not advocating conversion, the paper states that 
the steam-pipe oven offers consideration for conversion. 
Many oven designers are concentrating on methods of 
heating steam-pipe ovens by replacing furnaces with 
refractory-lined chambers adjacent to the lower end of 
the steam-pipes and placing suitably designed elements 
in the chambers to obtain the desired temperatures. 

Although series-parallel switches have been adopted 
on large baking ovens as the outcome of experience 
with electric cooking stoves, it does not follow that this 
is the best practice. It is satisfactory up to a point, 
but when dealing with larger sizes of ovens these switches 
are not desirable. A better practice is to arrange direct 
switching by locating two-thirds of the elements on 
one double-pole switch and the remaining third on a 
smaller double-pole switch. If the elements are tapped 
at the proper points excellent variation is obtained and 
the factor of safety is higher. This point is stressed 


* Corrected to “14 times” for the Journal. 
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because I have seen a well-known make of oven, when 
switched on, result in a badly-burnt hand. 

Mr. Purse raises the question of installing a trans- 
former. This is admittedly necessary in some instances 
but I have arranged for this apparatus to be placed 
outside the bakery in a suitable enclosure. | 

Mr. Moffett correctly defines oven efficiency. As 
much doubt arises in the discussion over my suggestion 
of 90 per cent approximate efficiency of electric ovens, it 
can be stated that recent tests for bread baking shows 


that approximately 66 - 2 kWh is required to bake 1 000 Ib. : 
of bread, and during the average baking day of from 8 | 
to 12 hours the radiation and transmission losses amount | 
-to between 8 and 10 per cent of the connected load. | 
The figures are obviously different if the usual 8 per cent ` 
shrinkage or oven loss is considered in the B.Th.U. | 


- value. 


The drawbacks to oil firing are the inevitable fumes ! 
and rapid deterioration of furnace linings as compared 
| to be the first oven of this construction to be installed 


with ovens fired with solid fuel. 


Mr. Cruxton’s reference to his gas-heated oven is , 
very interesting, but it is peculiar that it has mot been | 
well received by the baking industry. From the sum- — 
mary to the paper, revolutionary changes in methods — 


of baking would be expected, but, as with all com- 
‘bustion-fired ovens, the gas oven vitiates the atmosphere 
‘of the bakery to the detriment of the operatives and the 
goods, and needs constant attention:and adjustment to 
assure safe working and reasonably consistent gas con- 
sumption. Mr. Cruxton as a gas engineer asks about 
the method of obtaining the desired temperature at 
different parts of the baking chamber. It is simply a 
matter of locating the elements evenly at the top and 
bottom of each baking chamber and grading the wattage 
to secure the uniformity. Practically every known type 
of steam-pipe oven is difficult to cool down rapidly, 
in spite of the procedure advocated by Mr. Cruxton. 

Mr. Rawll asks what method is adopted for lighting 
electric ovens. This is an easy matter. A cavity is 
built in the wall of the baking chamber, and a convex 
glass baffte about 4in. diameter is placed adjacent to 
the baking-chamber end of the cavity. A hand lamp 
‘of non-combustible material with asbestos-woven flex 
containing a standard lamp, also protected by a convex 
glass and ventilated, completes the equipment. Ovens 


are working across 400-volt feeders, but it is usual to | 


balance the elements across the system ana to arrange . 
| him as a pioneer of cheap electricity to assist in making 


‘for working on 200 to 250 volts. 


Mr. Ridsdale desires to know the average life of heaters ' 
| fact and everyday practice. 


or elements in electric ovens. Some makers of electric 


ovens guarantee the elements for 5 years. I know of a 
number of ovens which have been in use 16 years and 
in which the original elements are continuing to function. 
If well-designed and not heated above dull red the life 
of elements extends over many years. 

The method of measuring temperature suggested by 
Mr. Duckworth is effective if the thermo-junction is 
suitably screened, but an actual baking test is the best 
method. Any baker worthy of the name will affirm 
that steam injected into the baking chamber is a 
necessity to ensure a good loaf. As the slotted or 
perforated tube used to carry the water into the interior 
of the baking chamber for vaporizing is heavily gal- 
vanized, little corrosion actually occurs. Assuming that 
corrosion does eventually develop, it only takes a few 
minutes to replace the tube, and the cost is nominal. 

Mr. Monkhouse is one of the few who are favourably 


disposed to the heat-storage brick-built electric oven, 


and the future will justify his decision.. What is believed 


in this country has recently been connected to the 
Southport mains. Its capital cost does not exceed that 
of an oil-fired steam-pipe oven, neglecting the cost of 
flues and chimney. The saving in weight of baked 
goods by comparison favours the electric oven. With 
the electric oven they have, as stated by Mr. Woodhouse, 
increased volume and better appearance. The hard 
crust on cakes which is a feature when flame-fired ovens 
are used is absent when electric baking is adopted. 
The baked goods retain their moisture. No doubt 


|. Mr. Monkhouse has reason to object to the statement 


that electric baking is costly. Not all power engineers 
are as enterprising as he is, however, and consequently 
we have to contend with districts where nothing below 
2d. per kWh can be obtained. Here is the handicap. 
Fortunately the baking trade is being consistently 
reminded of the possibilities of electric ovens both at 
exhibitions for their trade and in the Press. Supply 
undertakings are gradually recognizing the value of 
such ovens as a load and are offering rates which can 
be considered as a commercial proposition. In conse- 
quence a steady increase is being maintained in the 
installation of large electric baking ovens throughout 
the country, and Capt. Ellis will get his opportunity 
for profit as a contractor in the near future. 

The pessimistic view regarding the 1926 Act expressed 
by Mr. Purse must be dispelled because we depend upon 


the application of electricity to baking an accomplished 
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ELECTRICAL MEASURING INSTRUMENTS OTHER THAN 


INTEGRATING 


METERS.* 


By C. V. DRYSDALE, O.B.E., D.Sc., 


In probably no department of technical industry has 
progress been more rapid in recent years than in that 
of electrical instruments. Owing to the external 
magnetic and electrostatic forces in the neighbourhood 
of any current-carrying conductors and charged ‘bodies, 
and the ease with which electrical connections can be 
made to distant positions, electrical methods of measure- 
ment are by far the most convenient, and they are now 
being applied for the measurement and recording of 
phenomena which are usually regarded as quite outside 
the sphere of electrical science. Electrical thermo- 
meters and pyrometers have almost displaced the old 
expansion instruments for industrial purposes; and 
mechanical measurements, such as those of pressure, 
torque and speed, are now frequently made electrically. 
Perhaps one of the most striking examples of this ten- 
dency is the fact that at the present time a considerable 
number of the largest gas-supply undertakings register 
their main supply on an ordinary electricity supply meter, 
operated by the electric current required to produce a 
definite rise of temperature in the gas stream. 

In consequence of all these developments, the number 
of electrical instruments is now legion, and it will only 
be possible within the allotted compass of this review to 
give a detailed description of a few specially salient 
novelties, and to summarize the progress in the more 
ordinary instruments under a general classification, with 
some indication of the direction in which this progress 
appears to be tending, or in which improvements are 
to be expected. 

Electrical instruments may conveniently be dealt with 
under two main categories: (a) Commercial indicating 
and registering instruments, in which the indications are 
directly read by a pointer on a dial or recorded on a 
chart; and (b) testing or laboratory instruments which 
require a certain amount of manipulation and which may 
or may not be direct-reading. A third class, to which a 
little attention will be devoted, is that of sensitive 
controlling apparatus by which the movements of distant 
mechanisins can be electrically controlled. 


1. COMMERCIAL INDICATING AND RECORDING 
INSTRUMENTS. 


Under this heading come the indicating and recording 
ammeters, voltmeters, wattmeters, quantity and energy 
electricity supply meters, phase meters, speed and fre- 
quency meters, instrument shunts and transformers, 
leakage indicators, pyrometers, etc. The greater pro- 
portion of these instruments are on the electromagnetic 
principle, but thermal, electrostatic and occasionally 
electrolytic instruments are also employed. Supply 


* A review of progress. Reprints in pamphlet form, price ls. each, can be 
obtained from the Secretary of the Institution. a 


F.R.S.E., Member. 


meters are being dealt with in a separate review and will 
consequently not be referred to here. 

Electromagnetic ammeters and volimeters.—Two chief 
classes of electromagnetic instruments, the permanent- 
magnet moving-coil and the moving-iron types, are in 
general use; the moving permanent-magnet type such 
as the earliest Ayrton and Perry ammeters and volt- 
meters have gone out of use, although they had certain 
useful properties. 

The permanent-magnet moving-coil type of voltmeter 
or milliammeter has for some years now assumed a 
standard form, and the best instruments of this type 
form the most accurate indicating direct-current instru- 
ments known. Their one important defect—that of 
being affected by stray magnetic fields—is now being 
eliminated by the use of covers of the high-permeability 
nickel-iron alloy known as “ permalloy ” or “ mumetal.” 
This alloy, which is composed of about 78 per cent nickel, 
the remainder being iron with, in some cases, a little 
copper, has a maximum permeability of about 36 000 in 
a field arado of about 0:1 gauss, so that a thickness of 
about „ẹyin. of it makes a very effective magnetic 
shield. Cobalt magnet steel, with its high coercive force, 
has been extensively adopted for magneto generators 
and seems very suitable for permanent-magnet instru- 
ments, but its effective employment involves a radical 
alteration to the design of the magnet system, and it 
does not yet appear to have become generally adopted. 
No very exact data seem to have been obtained con- 
cerning its constancy, but there is reason to believe that 
it is very satisfactory, even without any artificial 
ageing treatment. 

The two chief types of these instruments are the bipolar 
or Weston form, and the unipolar form, of which the 
Record ‘‘ Cirscale ’’ instrument is now the best example. 
The long, open scale of the latter type of instrument is 
a very desirable feature, especially when the readings are 
to be observed from a distance, but it involves a weaker 
magnetic field and a very long and weak control spring, 
so that frictional and other errors are more difficult to 
eliminate, and it is slower in response. The degree of 
accuracy to which it has already been brought is a very 
creditable achievement, and instruments of this type are 
likely to remain popular, especially for switchboard 
work, 

Turning to the moving-iron or soft-iron type of 
ammeters or voltmeters, these have for many years been 
the most simple and least costly type of measuring 
instrument, and have the great advantage of being 
equally available for d.c. and a.c. measurement if care- 
fully designed to avoid eddy currents and to utilize the 
best portion of the magnetization curve, which Col. 
Edgcumbe and Mr. Ockenden consider is best secured 
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by a maximum R.M.S. induction of 2 000 gauss. Their 
chief defects, however, have been the hysteresis error for 
direct currents, and their high inductance, which has 
produced large variations with frequency in voltmeters. 
A notable advance, however, has been made during the 
last two years by Col. Edgcumbe and Mr. Ockenden, 
who have used the new nickel-iron alloy to reduce the 
hysteresis error and have applied the present author’s 
inductance theory of these instruments to the reduction 
of the frequency error. Since the electromagnetic 
energy in a coil of inductance L carrying a current ¢ is 
414, the torque T = 4i70L/d6, and the energy required 
to carry the pointer from end to end of the scale depends 
upon the change of inductance (Lmax. — Lo) caused by 
the movement of the iron. In order to keep the induct- 
ance error as low as possible Lig, should be kept low, 
so that the ratio of the useful change of inductance to 
the maximum inductance (Lmar. — Lol Emax, should be 
as nearly unity as possible. This fraction may be called 
the electromagnetic efficiency of the instrument, and in 
many moving-iron instruments it is only about 1 per cent 
or less, so that the useless or noxious inductance is 100 
times the useful change of inductance. Col. Edgcumbe 
and Mr. Ockenden have succeeded, by using a very 
narrow coil and a vane-shaped mumetal iron, in obtaining 
an electromagnetic efficiency of about 30 per cent, with 
a nearly even scale of 20 to 1 range and an angular 
deflection of over 120° in their “ Precision ’? ammeter 


and voltmeter, and they claim with apparent justice that 


there is no reason why such an instrument should not 
be as accurate as a moving-coil instrument, and that it 
may be used with shunts for alternating currents of 
ordinary supply frequencies. They have carried this 
idea into execution and introduced a testing set con- 
taining an ammeter with shunts for currents up to 
600 amperes, with negligible inductive error at ordinary 
supply frequencies and moderate temperature variation. 
Mr. Record has produced a long-range moving-iron 
instrument by the employment of two moving irons, and 
has also developed it into a testing set in his ‘‘ change 
coil ” instrument in which'a number of coils of different 
ranges can be slipped into place over the same moving- 
iron system. This device, however, requires a different 
scale for each range, which can be brought into position 
by turning a drum, The:ideal- range-changing device 
would be a large number of stranded coils thrown into 
series-parallel combinations by a commutator, and the 
author has devised satisfactory windings for this purpose, 
but a reliable commutator of moderate cost has not yet 
been produced. 

For alternadne-carent working only, the use of 


current and potential transformers has become practic- | 


ally universal, and great advances have recently been 
made by the help of the new nickel-iron alloys. As the 
vector difference between the primary and secondary 


ampere-turns in a transformer is simply the ampere-turns ~ 


for magnetizing and supplying the losses in the core, the 


reduction of the. magnetizing. current by the high per- 
meability and of the core-loss ampere-turns by the low _ 


hysteresis and higher specific resistance of the nickel 
iron has enabled current transformers to be produced 
with a constancy of ratio and smallness of phase dis- 


placement which would previously have been regarded © 


as impossible. Messrs. Everett, Edgcumbe and Co. 
have introduced a “ Precision ” transformer, employing 
this alloy, in which the ratid is constant within 0-1 per 
cent at all secondary burdens up to 40 volt-amperes, 
and the maximum phase displacement is only about 
3 or 4 minutes and remarkably constant over the whole 
current range; and also a straight bar-type transformer 
with only 12 ampere-turns which operates an ammeter 
and relay in series. They have also produced instrument ' 
transformers for radio frequencies up to 800 kilocycles 
and 1000 amperes employing 5-mil stalloy strip, the 
ratio being constant within 2 per cent. Other firms have 
also produced instrument transformers of very high 
accuracy; and the bar type of current transformer, which 
is of great utility but does not lend itself to such high 
accuracy with moderate currents as it has only one 
primary “ turn,” has also been greatly improved, as 
mentioned above, by the use of nickel-iron alloy. 
Another highly interesting application of this alloy to 
moving-iron ammeters has been made by the Westing- 
house Co. The instrument is similar in principle to 
the early Ayrton-Perry ‘‘ resultant field ?” ammeters in 
which an iron needle was pivoted in the field of a per- 
manent magnet and was deflected by. a small current- 
carrying coil with its axis at right angles to the magnet 
field. In the Westinghouse instrument this coil is 
removed and replaced by a horseshoe-shaped piece of 
permalloy, the back of which protrudes behind the back 
of the instrument, forming a loop through which a cable 
can be threaded. The poles of this horseshoe are between 
those of the permanent magnet, so that when it is 
magnetized by the cable current the needle is deflected 
as in the Ayrton-Perry instrument. Such a device 
would have been useless with ordinary magnetic materials 
owing to their large hysteresis, but the nickel iron has 
rendered it practicable, and the instrument has the 
advantage of having no terminals. For currents up to 
10 amperes the cable is simply taken straight through 
the loop, but for smaller currents it can be coiled in, say, 
2, 5 or 10 turns. Messrs. Crompton Parkinson have 
introduced an “iron ring” instrument on a similar 
principle, but have used a heavy horseshoe of stalloy 
which can be divided and clamped over a cable or busbar, 
or can have any number of turns wound through its loop. 

As regards dynamometer instruments, there is little 
advance to record and it seems doubtful whether this 
type is likely to persist for ammeters and voltmeters in 
view of the improvements in moving-iron instruments. 
Dynamometer wattmeters, however, hold their own up 
to the present time and are likely to do so, unless the 
thermal type as recently developed by Dr. Moll proves 
to be a formidable rival. The magnetically shielded 
single and polyphase dynamometer wattmeters of the 
Weston Electrical Instrument Co. are remarkably 
accurate instruments, and a .double-current range is 
provided by connecting the two halves of each current 
coil in series or parallel. Messrs, Nalder Brothers and 
Thompson have also given great attention to the im- 
provement of dynamometer instruments and have 
produced single-phase and polyphase wattmeters in 
which the movement is supported in a thin, hollow 
framework of manganin and the cúrrent coils are of thin 
strips so as to reduce eddy currents to a minimum, and 


the movement is made as light as possible to give a high 
torque/weight ratio. The nickel-iron alloys, with their 
low iroñ loss, should give a renewed impetus to the 
development of ironclad dynamometer instruments, 
especially as regards polyphase wattmeters, as they 


could be used both for increasing the field strength and: 


for localizing it so as to give greater torque with less 
susceptibility to interference by stray fields. A great 
difficulty with polyphase deflectional wattmeters is the 
liability to interference between the systems, which 
could be reduced both by concentrating the field in the 
above manner and by interposing a nickel-iron shielding 
plate between the two systems. 

Induction instruments.—In spite of the attractive 
features of induction instruments—simplicity and 
robustness of construction, long scale, and adaptability 
for magnetic damping—they have until quite recently 
presented certain undesirable properties and difficulties 
which militated against their accuracy; and it is doubtful 
whether they would have held their own against the 
improvements in moving-iron instruments but for these 
new features. Induction instruments are essentially in 
principle dynamometer instruments in which the current 
is conveyed into the moving element by induction 
instead of by conduction through springs or ligaments. 
They are therefore equivalent to dynamometer instru- 
ments fed by instrument transformers, but with two 
important differences—the gap necessary for the moving 
element involves high leakage reactance in the trans- 
former, and the movement forming the secondary 
circuit has a high temperature coefficient. On both 
these accounts somewhat complicated and troublesome 
correcting devices have been required to reduce frequency 
and temperature variations. The temperature variation 
of resistance of the moving element is of no importance 
in a supply meter as it equally affects the magnetic 
braking torque, and the induction-type supply meter is 
likely to remain the most popular type, but it must of 
course be compensated in an indicating instrument with 
Spring or gravity control. Messrs. Nalder Brothers and 
Thompson have produced compensated induction instru- 
ments of the Lipman design which appear to be a great 
advance on the older forms and to make the induction 
instrument comparable in accuracy with any other type. 
According to figures furnished by the firm, an induction 
ammeter of this form has a temperature variation of only 
0-015 per cent per degree C., or a total heating error 
of 0-5 per cent after 2 hours’ running; a frequency 
variation of 0-4 per cent for a 20 per cent rise or fall 
of frequency; a torque of 2-1] gramme-cm for a move- 
ment weighing 11-5 grammes and a power consumption 
of 2-5 watts; and a damping which brings it to rest in 
2-5 secs.; while an application of 20 times the full- 
load current had. no effect on its accuracy. Within 
the last few months also Mr. Ockenden has produced a 
compensated induction ammeter on a very ingenious 
principle. Starting from the ordinary shaded-pole 
instrument, he has divided the magnet into two separate 
portions with similar windings in series, but connects a 
non-inductive copper shunt across one of them, which 
has a similar effect to a shading coil but permits of a 
much greater phase displacement. If the shunt is 
adjusted to give a phase displacement of about 70 degrees, 
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the changes of torque due to variations of frequency or 
temperature become very small—only 0-2 per cent for 
10 per cent change of frequency and 0-3 per cent for a 
10 deg. C. change of temperature. These achievements 
certainly show that the induction instrument is capable 
of attaining high accuracy if carefully designed and 
adjusted, and have raised it from a second-grade to a 
first-grade instrument. 

Thermal instruments.—T he great development of high- 
power radio transmission has. given a new impetus to 
thermal instruments, which otherwise would probably 
have declined in favour with the improvement in moving- 
iron instruments. For radio frequencies, however, 
electromagnetic instruments are entirely out of court, 
and a single, straight conductor is desirable, so that 
thermal instruments of the “ double sag” expansion 
principle originally suggested by Profs. Ayrton and 
Perry and first put into practical form by Messrs. Hart- 
mann and Braun have still found considerable applica- 
tion. Expansion instruments, ‘however, are inherently 
objectionable as regards high power consumption and 
small overload capacity, and the double-sag type, which 
is the only convenient form, is especially liable to zero 
creep, so that within the last few years the crossed 
thermo-junction, which has long been the most con- 
venient laboratory device for high-frequency current 
measurement, has been combined with a moving-coil 
millivoltmeter as a direct-reading high-frequency am- 
meter, and this seems likely to be the permanent type of 
radio-frequency instrument in the future, as it only 
involves an inexpensive and easily replaced attachment 
to the millivoltmeter, and can have a much larger factor 
of safety. The Weston Co. seem to have been the first 
to put such instruments on the market, using a thermo- 
junction in which the heating wire carries 500 mA and 
develops 14 mV in the junction, sufficient for a full-scale 
deflection of the millivoltmeter; and similar instruments 
have been introduced by Messrs. Everett, Edgcumbe.. A 
still fuller application of this principle has been made by 
Dr. Moll of Utrecht by what he calls his “ thermo- 
convertor,” which consists of a long, straight heating 
wire of about 16 ohms resistance which is plaited through 
a series of 50 thermo-junctions, with thin insulation 
between. A current of 16mA in the wire produces a 
10 deg. C. rise of temperature and a thermo-e.m.f. of 
8-5 mV, which is sufficient for full-scale deflection of the 
millivoltmeter; but the heating wire can carry 300 mA, 
or nearly a 20-fold overload, without injury. As the 
rise of temperature and temperature coefficient of the 
heating wire are low, shunts or series resistances can be 
used to any extent for extending the current or voltage 
range, and Dr. Moll has also produced a very sensitive 
high-frequency wattmeter by using two accurately- 
paired thermo-convertors and a non-inductive resistance 
connected as in Field's thermal wattmeter method, the 


two thermopiles being connected in opposition to the 


millivoltmeter. 

Electrostatic instruments —Electrostatic voltmeters are 
likely to remain as by far the most useful instruments 
for high voltages, although their use for ordinary supply 
pressures has almost ceased, except for laboratory 
testing, on account of the great improvement in moving- 
iron instruments and in potential transformers. No very 
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notable changes have occurred in their design and con- 
struction during the last few years, and on the whole 
the tendency appears to be in favour of a simple form of 
Kelvin or Ayrton-Mather system for p.d.'s up to about 
3 000 volts, two plates forming an external series con- 
denser being provided for higher voltages, as was sug- 
gested by Ayrton and Perry and first employed by 
Abrahamson. This has the advantage of enabling a 
standard form of instrument to be employed without 
any extreme internal electric stresses, and of extending 
the range to almost any extent by increasing the distance 
between the plates, which is obviously also the rational 
procedure as it keeps the electric stress between them 
approximately the same for all voltages. The chief 
objection to this device is that, if the plates are very far 
apart, their capacity is liable to be materially affected by 
any conductors in the vicinity, and the passage of a large 
metallic object such as.an overhead crane may disturb 
the calibration. It may be suggested that a safer 
application of the same principle would be to provide 
the instrument with a spherical ball on a long porcelain 
pillar, and to make the high-tension plate in the form of 
a hollow sphere with an aperture so that it\can be 
mounted concentrically over the ball and screen it from 
such disturbances. A continuously variable range would 
be sacrificed by this device, but spheres of different radii 
would serve for various definite ranges. Messrs. Everett, 
Edgcumbe and. the Stonebridge Co. have gone some 
way towards realizing this principle in their high-voltage 
instruments for use up to 400000 volts. Another 
development is the use by Watson and others, of air or 
nitrogen under pressure in order to increase its electric 
strength and reduce the clearances; and of oil in the 
Westinghouse and other high-voltage instruments, which 
has the quadruple advantage of increasing the electric 
strength and electrostatic capacity, of allowing the 
movement to be made of neutral buoyancy, and of 
providing ample damping without special damping 
devices. This appears to offer the greatest prospect for 
further advance in electrostatic instruments, in spite 
of certain difficulties with regard to convection currents 
and bubbles; and it is to be hoped that it may lead to 
improvements in low-voltage instruments. 


Mention must also be made of the moving-dielectric | 


electrostatic voltmeters initiated by Burrows. These 
instruments appeared to offer advantages for high- 
voltage instruments owing to their high resistance to 
breakdown, but Dr. Thornton has found that the di- 
electric constant of most solid materials does not remain 
constant with time in a strong electrostatic fitld or with 
change of frequency. Light flint glass shows the 
greatest constancy. It may be suggested that a prac- 
tical form of voltmeter might be constructed by using a 
moving element in the form of a thin, hollow, elliptical 
cylinder of this glass between two inductors in oil. 
This would tend to turn with its major axis at right 
angles to the electrostatic field and could be made of 
neutral buoyancy. 

As regards the protection of electrostatic instruments, 
the modern tendency is to discard sparking points or 
fuses in favour of aseries resistance of several megohms, 


which does not. appreciably affect the reading and 


preyents arcing. 


Phase ov power-factor Gndicalors: = Phase: indicators 
have become of increasing importance of late, as there 
appears to be a tendency to estimate the power in a.c. 
supplies from the p.d., current and phase indicator 
readings, without employing wattmeters. This pro- 
cedure hardly seems to be a satisfactory one, as the errors 
of the ammeter, voltmeter and phase indicator are 
cumulative, and there is also an ambiguity as to the 
meaning of a power-factor indication on an unbalanced 
3-phase supply, but it emphasizes the need for accuracy 
in such instruments. Until recently the majority of 
phase indicators were made with two moving coils at 
right angles for single-phase and 2-phase supply, or with 
two or three coils at 120° for 3-phase .working, but 
Messrs. Everett, Edgcumbe and Nalder Brothers now 
manufacture phase indicators.in which all the windings 
are fixed, with a moving iron magnetized by an axial 
coil. Various methods are used for phase-splitting in 
single-phase instruments. The simple inductance in 
series with one of the moving coils does not give a true 
quadrature relation, owing toits resistance and iron losses, 
and the current in the coil varies with the frequency, so 
that the scale of the instrument is somewhat unsym- 
metrical for lagging and leading loads, and the readings 
are affected by changes in frequency. Some makers use 
a condenser in series with the second moving coil, which 
can be adjusted to give perfect quadrature relation at a 
given frequency, but probably the best device is that of 
Mr. L. Murphy in which one of the voltage coils is con- 
nected to a main supply lead at its centre, the free ends 
being connected to the other main through an inductance 
and capacity respectively. If, then, the resistances of the 
two circuits are, made small and equal, and ZC is made 
unity for the normal frequency, -correct quadrature 
relation will be obtained at that frequency, and a rise 
of frequency will cause a diminution of current in one 
half and an increase in the other half of the coil, so that 
the indications remain nearly constant over a fairly wide 
frequency range. This device was originally suggested 
by the present author in connection with phase-shifting 
transformers, and appears to be the best means of 
obtaining a quadrature relation from a single-phase 
supply over a range of frequency, although the solution 
is only an approximate one. 

Frequency meters.— Although vibrating-reed instru- 
ments of the Hartmann-Kempf or Frahms type are still 


largely used, and are very accurate if carefully made, 


the need for individual adjustment of each reed is a 
great drawback and makes such instruments relatively 
costly. There has consequently been a considerable 
development of deflectional frequency meters in which 
the variation of reactance with frequency is made use of, 
generally by the employment of a system of the ohm- 
meter type with a soft-iron needle having no mechanical 
control, of which the Weston frequency meter is the 
best-known example. Such instruments are generally 
very satisfactory on ordinary supply circuits, but are 
liable to errors on very distorted wave-forms, so that the. 
modern tendency is to make use of the resonance prin-. 
ciple, which. reduces wave-form errors to negligible 
proportions. The first instrument on this principle was 
devised by the General Electric Co. of America and was 
oí the dynamometer type with two moving coils at right 
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angles. The current, after passing through the fixed 
coils, was conveyed through a ligament to the common 
junction of the two moving coils, each of which was 
connected to the other supply terminal through an iron- 
cored inductance and condenser. The two circuits were 
adjusted to resonate at about 8 per cent above and 
below the mean supply frequency respectively, so that 
the currents were equal at this frequency and the 
moving system took up its mid-position. An increase 
or decrease in the frequency, however, produced a con- 
siderable increase of current in one circuit and decrease 
in the other, so that the pointer deflected to one side or 
the other. For supply-station work this principle 
appears to be very effective, but an instrument of much 
longer range and great simplicity has recently been 
produced by Mr. R. C. Clinker, of the British Thomson- 
Houston Co. A long laminated-iron core is magnetized 
by a coil at one end which is connected to the a.c. supply. 
A second coil attached to the pointer is arranged to 
swing freely over this core, and if this coil were short- 
circuited it would be repelled. If, however, it is con- 
nected through flexible leads to a condenser, the phase 
of the induced current leads and the coil is attracted, 
while if the coil and condenser are in resonance the 
current is in phase with the induced e.m.f. and therefore 
in quadrature with the magnetic flux, and there will be 
no force. As the coil swings over the core its inductance 
varies, and it will therefore move to and stay at the point 
at which resonance is obtained for the particular fre- 
quency. If the frequency rises, a lower inductance will 
be required for resonance and the coil will be repelled to 
a greater distance from. the magnetizing coil, and 
attracted nearer for a fall of frequency. A fairly large 
range of frequency can therefore be obtained by this 
means, and different ranges by employing condensers of 
different capacity, while wave-form should have practi- 
cally no effect. This instrument certainly seems the most 
simple and correct in principle that has yet been devised. 
Leakage indicators. —The Electricity Commissioners’ 
regulation requiring that the leakage current of a supply 
system shall not exceed the one-thousandth part of the 
maximum supply current, and that earth or fault 
detectors must be kept connected in any generating or 
transforming station, has led to the production of a 
large number of instruments for complying with this 
requirement. The most simple leakage ‘indicator for 
d.c. supply consists of a centre-zero moving-coil milli- 
ammeter connected between the centre of a high resist- 
ance across the mains and earth, but this indicates the 
difference of the insulation resistances of the two mains 
and does not give any deflection when they are equal. By 
disconnecting one or other end of'the resistance from the 
corresponding main, however, the separate insulation 
resistances can be determined, and Messrs. Evershed and 
Vignoles have produced an indicator with two spring 
keys for this purpose. For a.c. systems the same 
method has been used with an auxiliary battery between 
. the indicator and earth and a very large inductance in 
series with the moving-coil milliammeter, which then 
indicates only the direct current. Dr. A. Russell, the 
late Dr. Kapp, and Mr. Dennis Coales have devised 
methods for measuring the insulation resistance on a 
live 3-wire system, | 


For 3-phase supply with earthed neutral the super- 
posed battery method above described may be employed, 
and transformer methods have been used for high-voltage 
systems, but the electrostatic form of indicator is the 
most simple in this case, although its readings depend 
upon the electrostatic capacity as well as upon the insu- 
lation of the system. 

Portable insulation-resistance and conductor-resistance 
lesting sets.—These instruments, based on the original 
ohmmeter of Ayrton and Perry, have an immense vogue 
in this country, and it seems curious that they are 
little used abroad, as they are certainly the most con- 
venient of all testing instruments, owing to their com- 
pletely self-contained character and long range of direct 
indication. Several British firms make instruments of 
this type all of which now have permanent-magnet 
moving-coil systems, with the exception of the Cox 
“* Ohmmer”” made by Messrs. Nalder Brothers and 
Thompson, which is on the electrostatic principle; and 
in all cases the generator has been combined with the 
indicator into a single set, with: great advantage as 
regards the size and weight of the outfits, especially 
as light alloy cases have been introduced which make 
the whole instrument little more bulky and heavy than 
a hand camera. As regards the indicator movements, 
all of them have crossed moving coils in a permanent- 
magnet field, and in the Harris “ Omega ” testing set 
made by the Cambridge Instrument Co. these two coils 
are so wound as to form a complete cylinder as in some 
forms of phase meters, with a single internal cylindrical 
iron core. In the Record “ Ohmmeter ” the two coils 
are separate and are mounted at right angles on a 
common spindle with separate cobalt-steel magnets and : 
iron cores, while the ** Metrohm ” of Messrs. Everett, 
Edgcumbe has the same coil construction with one coil 
only in the stray field outside the gap. In the well-known 
Evershed “ Megger ” the two coils are mounted with 
one edge attached to the spindle like an open book, 
with polar projections passing through the voltage coil, 
which enables the form of the scale to be varied by the 
shape of the poles; and the generator and indicator have 
a common ‘:permanent-magnet system. 

The convenience of the ohmmeter and generator is 
such that it has also been applied for the measurement 
of ordinary conductor resistances, and in the Harris low- 
reading ohmmeter a second current coil wound in 
opposition to the ordinary one is provided with a pair 
of resistances permitting of the current being divided 
between them in any convenient proportion so that the 
range of r€sistamce can be extended downwards to any 
extent. Messrs. Evershed and Vignoles, on the other 
hand, have produced a “‘ Bridge Megger ” for conductor- 
resistance testing, by adding a set of ratio coils so that 
the indicator is used only as a galvanometer, and two 
sets of terminals for connection of the circuit to be tested 
and a resistance box respectively. A change-over switch 
is provided for effecting the change from insulation to 
bridge testing. For very low resistances, however, the 
makers have reverted to the ohmmeter principle, the 
current coil being in series with the resistance to be 
tested, while the voltage coil is connected to two spikes 
serving as separate potential contacts. By means of a 
3-way switch, series resistances can be connected in 
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the voltage circuit and shunts across the current coil, so 
that the instrument covers the range from 10 microhms 
to 5 ohms, or 1 microhm to 1 ohm, in five steps. An 
accumulator is substituted for the hand-driven generator 
in this case. In Germany Messrs. Hartmann and Braun 
have produced a deflectional ohmmeter of the crossed- 
coil form with ellipticak core and shaped pole-pieces. 
Devices are included to enable the instrument to indicate 
resistances directly from 0-01 ohm to 30 megohms. 

The great extension of electric traction has made the 
testing of rail joints and bonds of great importance, and 
several firms have introduced rail-bond testers consisting 
of bars of definite length carrying current and potential 
contacts which can be pressed on to the rails and give 
the resistance of the joints by a fall-of-potential method. 
Owing to the introduction of automatic track signals the 
resistance between the tires and axles of the carriage 
wheels has become of importance and the Railway 
Standards Committee have adopted 0:01 ohm as the 
maximum resistance. Messrs. Evershed and Vignoles 
have consequently produced a railway-wheel bonding 
tester on the ohmmeter principle with contact spikes 
hanging on flexible leads from a bracket above the track. 
The indicator is scaled from 0-002 to 0-02 ohm, the 
portion of the scale between 0-005 amd 0-015 ohm being 
coloured green. Current is supplied from a 2-volt cell, 
and a standard 0-01-ohm resistance is provided for 
checking. 

Electrical thermometers and pyrometers.—These instru- 
ments have become one of the most important features 
of the electrical instrument industry owing to the very 
large demand for temperature indication and control in 
power plants, storage rooms, etc. The four chief types, 
(a) resistance, (b) thermo-couple, (c) total radiation, and 
(d) monochromatic or disappearing-filament instruments, 
have all held their own for different purposes, and seem 
likely to do so in the future. Platinum-resistance thermo- 
meters and pyrometers with compensating leads are the 
most accurate temperature-measuring instruments for 
temperatures up to about 1 200° C., and when used with 
simple moving-coil indicators, or recorders of the Callen- 
dar type, are fairly convenient. The Cambridge Instru- 
ment Co. and other manufacturers employ them with 
thread recorders and with coloured inking ribbons which 
allow two or more records to be made on the same chart, 
and elaborate installations with multiple switches for 
indicatmg the temperature of several parts of a system 
are now common. Messrs. Siemens Brothers employ 
silk-covered nickel wire fot temperatures up to 100°C. 
and have also introduced a flat form of resistance thermo- 
meter for measuring surface temperatures. Thermo- 
couple thermometers and pyrometers are popular in 
Many cases owing to their low cost and independence of 


external electrical supply, but their accuracy is limited ' 


by the constancy of temperature of the cold junction 


and by the thermo-e.m.f.'s which may be set up at any | 
The Cambridge Instrument Co. | 
employ a Dewar vacuum flask for maintaining con- | 
stancy of temperature of the cold junction, supplemented © 


junctions in the circuit. 


by a thermostat for higher accuracy. Constantan-iron 
couples with an e.m.f. of about 40 uV per degree C. are 


commonly used for temperatures up to 800°C., and. 
platinum-platinum-rhodium giving about 12u4V per: 


VoL. 66. 


degree up to 1400 C., but titan (nickel-chromium) 
couples are employed by the Cambridge Instrument 
Co. up to 1 200° C. 

The Foster Instrument Co. have introduced a “* broken- 
couple alarm ” in connection with their automatic tem- 
perature control for signalling the failure of a junction 
and reducing the temperature of the furnace, which 


might otherwise become overheated. 


The total radiation pyrometers based on the Stefan- 
Boltzmann fourth-power law, and first put into practical 
form by Prof. Féry, have remained very popular for high 
temperatures as they permit of direct indication and 
recording. The original Féry focusing-mirror form made 
in this country by the Cambridge Instrument Co. is still 
largely used, and Mr. Whipple has introduced a modified 
fixed-focus form of it in conjunction with a fireclay tube 
inserted into the furnace. The Foster Instrument Co. 
employ a fixed-focus mirror with the receiving disc in the 
conjugate focus to a diaphragm at the front of the tube, 
so that as long as the whole cone subtended by the aper- 
ture is filled the indications are independent of the 
distance. Additional diaphragms inside the tube are 
desirable in this case to prevent heating of the cold 
junction by the stray radiation. In the ‘ Pyro” 
pyrometer devised by Dr. Hase and supplied by the 
Bowen Instrument Co. a fixed-focus lens is substituted 
for the mirror, the thermo-junction is in a small evacuated 
bulb and the moving-coil indicating millivoltmeter is 
included in the tube so that the readings can be seen at 
the back of the instrument without external connections, 
although a separate indicator may be used when pre- 
ferred. Pyrometers of this class are generally used for 
temperatures up to about 1 700°C., and a valuable report 
upon the characteristics of the various types has been 
issued by Mr. Philpots of the British Scientific Instrument 
Research Association. For the highest temperatures, 
and especially for very small sources such as filaments, 
optical pyrometers of the disappearing-filament type 
originated by Morse and by Holborn and Kurlbaum are 
the only practicable ones and have come into considerable 
use, although they cannot be made self-indicating and are 
of course useless below red heat. The most generally 
used measuring device is an ammeter and rheostat in 
series with the comparison filament, the current being 
varied until the filament is indistinguishable against the 
background of the hot body when viewed through red 
glass, and the ammeter scale can then be marked off in 
temperatures. This device is, however, not very satis- 
factory in its crude form, as the proportion of current 
required to make the filament commence to glow is a 
considerable fraction of its highest value, and the 
temperature scale is crowded to the upper part unless a 
set-up zero is employed. The Foster Instrument Co. 
have therefore introduced a bridge circuit with the 
filament in one of the arms and the indicator as the 
galvanometer, which gives a much more even scale. As 
glasses of known absorbing power can be introduced 
between the source and the pyrometer there is no upper 
limit to the temperature which can be measured by it, 
and its accuracy is such that the Cambridge Instrument 
Co. have introduced potentiometer methods for measur- 
ing the filament current. . 

Recording or graphic instruments.—In this direction 
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progress has been steady and satisfactory, and the latest 
types of recording ammeters, voltmeters and wattmeters 
are on the whole reliable and convenient. The plain 
cylindrical drum type seems to be disappearing in favour 
of disc charts for short records, and continuous charts 
with perforations for driving as in cinema films, for long 
ones. The disc type is very simple and easy of replace- 
ment, and a notable advance has been made in this type 
by the Foster Instrument Co., by enclosing the whole 
movement in a flat case with a cover having a slot 
through which only the point of the recording ' pen 
protrudes from behind, the chart being of tracing paper 
which is mounted behind a second hinged glass cover 
and allows the trace made on its back to be viewed. 
This device enables the chart to be rapidly replaced 
without danger of injuring the pen or movement. 

The inconvenience of reading records in which the pen 
moves over an arc has led to devices for securing rect- 
angular co-ordinates, and of these the simplest is the 
Murday pen device employed by Messrs. Evershed and 
Vignoles, in which the paper moves horizontally under 
the pointer which carries a pen in the form of-a nearly 
balanced channel-shaped strip with pivots on its two 
sides, which rest in a fork on the end of the pointer. At 
the end of this channel a small perforated depression 
serves as a marking point which presses lightly on the 
paper, and the channel is filled with ink and holds about 


a 24-hour supply. Although the end of the pointer : 
moves in an arc, the rocking of the pen on its pivots - 
allows it to keep contact on the paper, and with a moving- : 


coil instrument a practically uniform straight-line scale 


is thus obtained, so that the record is in rectangular | 


co-ordinates and the mean value can be obtained by a 
planimeter. 

The supply of ink for recorders is usually a troublesome 
‘matter, as if the pen contains sufficient ink for a long 
period its weight is large and variable and disturbs the 
calibration. Messrs. Everett, Edgcumbe have therefore 
‘adopted the principle which has long been utilized in 
siphon recorders, of providing an inkwell into which a 
fine tube dips, the point of entry into the liquid being on 
the axis of the movement. In the Stonebridge Electrical 
Co.’s instrument a long ink trough is provided, into 
which one end of the siphon pen dips. 

Intermittent contact or “ thread” recorders have 
become very popular for use with pyrometers and other 
instruments in which somewhat delicate pointed galvano- 
meters must be used and relatively slow changes only are 
to be recorded, and have the advantage of allowing 
simultaneous records of two or more phenomena to be 
made by changing the connections between the contacts 
and simultaneously moving the inking ribbon as in a 
typewriter so that the respective traces appear in 
different colours. This type of recorder has been carried 
to a high pitch of perfection by the Cambridge Instru- 
ment Co. and by the Leeds and Northrup Co. 

It cannot, however, be said that any form of directly 
indicating recorder is satisfactory as an engineering 
instrument if it is to be subjected to mechanical disturb- 
ances as in a railway train, ship, or aircraft. For this 
reason “‘ relay recorders,” of which the Callendar recorder 
may be regarded as the prototype, are beginning to 
appear in robust practical form, and it seems likely that 


they will be rapidly adopted. Relay recorders of a more 


robust form than the Callendar recorder have been 


employed for some time by Olivetti, the Westinghouse 


. Co., and the Leeds and Northrup Co., but rather with 


the idea of following ordinary slowly varying phenomena 


- with greater definiteness, and in rectangular co-ordinates. 


In the Leeds recorder a kind of cam device is used for 
periodically communicating the movement of the 
instrument pointer to a ratchet drive, so that it acts as 
a mechanical relay to the movement. In the Everett 
relay graphic meter, which was developed primarily for 
making current and other records on electric railway 
trains, the Callendar recorder contact principle has been 
utilized, but in a robust form susceptible of very rapid 
following. The moving-coil or other sensitive movement 
to be followed is provided with a contact arm moving 
between two contacts attached to an arm which can be 
rotated about the same axis by a segment of a worm 
wheel. A screw parallel to the recording paper engages 
in this segment and also in a block. carrying the marker, 
so that turning the screw causes a linear motion of the 
marker proportional to the angular movement of the 
contacts. The motion of the screw is provided by a 
continuously running motor with centrifugal governor, 
which keeps the paper in motion and also has two friction 
discs on its spindle between which there is another 
friction disc carried on a perpendicular spindle and geared 
to the screw. This perpendicular spindle passes between 
two electromagnets conriected to the two contacts on the 
sector arms, and is sufficiently flexible to allow of its disc 
being attracted into contact with one or other of the 
revolving discs, when it is turned in one or other direc- 
tion and causes the screw. to rotate the contacts and 
traverse the marker. The device therefore causes the 
contacts and marker to follow the movements of the 
coil or other sensitive system with great promptitude 
and power, and an ordinary pencil may be employed for 
marking. It may be éasily adapted for following the 
movements of any deflectional instrument, or for use 
with a potentiometer, bridge, or other null or balance 
method, on the Callendar principle. 

Instead of the friction device above mentioned, a 
small series motor having two opposed field. windings 
and a magnetically operated brake is often employed for 
follow-up mechanisms, but the high inertia of its arma- 
ture renders it less suitable for following very sudden 
changes. It is employed very effectively, however, in 
the Midworth distant repeater, in the Leeds combustion 


control system, and the Thomas gas meter now con- 
‘structed in this country by the Cambridge Co. The use 
‘of such follow-up mechanisms is now becoming so 
extensive for control purposes that it seems likely that 


their application to graphic meters or recorders will be 
very rapid; especially as any form of instrument which 
can make a contact can be used with a standard type of 
recording mechanism. 

CO, recorders.—As the peteentape of carbon dioxide 


in the flue gases is now generally accepted as the best 


criterion of the efficiency of combustion in boilers, 
indicating and recording CO, meters have become very 
important. The Cambridge Instrument Co. employ the 
Shakespear electrical method in which a current passes 
through a fine platinum-wire grid in the gas, the cooling 
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‘effect of which depends on the proportion of CO,, so | 
that.if this. grid is connected in a -Wheatstone-bridge ! 
circuit like a platinum thermometer and supplied with a | 
‘steady current the percentage of CO, can be indicated : 


‘on a galvanometer, or recorded on a thread recorder. 


The same company has recently introduced an indicator | 
‘with a-circular dial showing percentages of CO, from zero | 
‘to 18 with a device for illuminating the pointer and the | 


figure to which it is pointing. The illumination is white 
if this percentage is constant, but if it begins to increase 
‘or diminish .it changes. to green or red respectively, so 
that attention is immediately called to the nature of the 
change. The Electroflo Meters Co., on the other hand, 
retain the original chemical method of absorbing the CO, 


by caustic potash and indicating the loss of volume, but ` 
the process is carried on automatically at frequent inter- ' 


vals by a motor-driven mechanism. In the United 
States, Messrs. Leeds and Northrup supply CO, indicat- 
ing and recording apparatus on the.cooling principle, two 
platinum grids being connected in a bridge circuit, one 
of which is mounted in a closed chamber and the other 
in a vessel connected to: the flue by. two. tubes which 
enter near to one another so that the rate of flow of the 
gases in the vessel is governed by the convection due to 
the heated wire and is unaffected by the velocity in the 
flue. The indicators and recorders are of the firm’s 
standard moving-coil and follow-up types respectively.. - 
Electrical gas : meters.—Mention was made in the 
introduction of the curious fact that the best device for 
measuring the flow of gas in large quantities is an 
electrical one. In the Thomas gas meter which has 
been manufactured in this country by the Cambridge 
Instrument Co., two circular platinum-wire grids are 
mounted a short distance apart in the main pipe and one 
of them is maintained at a temperature of 2 deg. F. above 
the other by a current,‘ the'strength of which has to be 
increased proportionally to the rate of flow of the gas. 
The rate of flow can therefore be indicated and recorded 
on a recording ammieter and. integrated By an ordinary 
quantity meter. ' m.a 
` Water-testing apparatus —The testing of the purity of 
water for domestic supplies and power plants has become 
increasingly important, and one of the simplest methods 
of estimating it is by its conductivity, which, although it 
‘does not indicate the nature of any impurity, enables its 
amount to be estimated if its general nature is. known. 
A largely.used.device for this purpose is the *“* Dionic ” 
water tester of Messrs. Evershed and Vignoles which they 
‘have developed from the invention of Messrs. Digby and 
Biggs. The apparatus consists of two parts, a glass 
conductivity tube having two electrodes and a. thermo- 
meter, for containing the water to be tested, and a 
conductivity meter.on the ordinary “* Megger’’ principle, 
the generator of which develops 100 volts, so that the 
polarization e.m.f., which has a maximum value of about 
2 volts, has little effect. The scale indicates conductivi- 
ties from zero to 3 000 units (in some cases higher) and is 
calibrated on the assumption of this maximum polariza- 
tion e.m.f. In order to avoid temperature corrections 
‘(about 2 per cent per degree C.) one of the electrodes is 
made movable and can be set to the temperature indi- 
‘cated on the thermometer. The firm has recently 
introduced a recording form of this instrument in which 
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and a:recorder on the ohmmeter principle with Murday 
pen and. continuous chart records. the. variations in 
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2. LABORATORY INSTRUMEN TS, 


. The variety of. laboratory ‘instruments is now so 
enormous that, it will only be possible to treat them on 
broad lines, with special reference : ee ges recent 
novelties. 

Moving-coil. galyanometers —The Aytan Mathes nar- 
row-coil type has become practically universal for ordinary 
long-period. working.. The most sensitive galvanometer 
of this type is that of Dr. Moll, who uses an electro- 


magnet in place of. the ordinary permanent magnet and 


has attained.a figure of merit of 2500, For pointer 
galvanometers, however, the open type of coil as in the 
moving-coil: indicating instrument is still used. The 
most popular form of this instrument is the Paul single- 
pivot galvanometer, which is sufficiently sensitive for 
commercial bridge and other tests, and can also be agea 
asa microammeter, eyen on board ship. | 
. Moving-magnet galyanometers— The nal 
galvanometer of the Kelvin or Paschen type which had 
apparently. almost disappeared except for investigations 
requiring extreme sensitiveness, owing to its susceptibility 
to magnetic disturbance, has recently commenced what 
may be a renewed era of popularity, owing to the remark- 
able improvements made by Prof. A. V, Hill and Mr, 
Downing at University College and Dr. Daynes of the 
Cambridge Instrument Co. By employing cobalt-steel 
magnets. and carefully designing the coils and moving 
system, they have raised the figure of merit of the 
fixed-coil galvanometer to 50 Q00'mm per y A at 1 metre ` 
for a 10-second periodic time—a sensitivity far beyond 
anything previously known. Acting on a suggestion of 
the present author, Prof. Hill then tried the effect of an 
annealed nickel-iron base and cover as a magnetic shield, 
and found it so effective that the galvanometer was but 
little affected by the starting or stopping. of an electric 
motor in close proximity. As the moving-iron galvano- 
meter is more sensitive than.the moving-coil form, and 
has the advantage of enabling its. coils to be changed, 
and has high p.d..sensitivity with low-resistance coils, 
it is only its liability to magnetic disturbance, which 
militates against its use, and we may expect to see the 
type revived.in a less refined form for general use, 
String galvanometers.—The great need for a sensitive 
galvanometer of quick response for the recording of 
rapidly. varying phenomena was first met by the string 
or fihre-galvanometer of Einthoven, and this type of 
galvanometer. has come into very general use.in spite of 
its somewhat costly construction. A single silvered or 
gilded quartz fibre or fine wire is mounted between the 
poles of an electromagnet and tends to move transversely 
to the magnetic field when traversed by a current, The 
poles of the magnet are bored. and fitted with a micro- 
scope and optical condenser by which a highly magnified 
image of the fibre and its movements can be viewed or pro- 
jected, and photographic records can be made on a falling 
plate or rotating drum. Its periodic time depends upon 
the tension of the fibre and may be from 0:003 to 
0:01 sec., and its figure:of merit is as high as 1,500 000. 
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Messrs. Carl Zeiss of Jena have: produced a “ loop 
galvanometer ” in which an approximately rectangular 
loop of extremely thin aluminium leaf hangs downwards 
from electrodes at its free ends, so that the.current flows 
down one limb and úp the other limb of the loop. Two 
permanent magnets are so arranged that their fields 
traverse the two limbs of the loop in opposite directions, 
resulting in a transverse movement of the loop which 
can be observed by a microscope focused on a kink at its 
bottom. The whole arrangement can be turned upside 
down, in which case gravity opposes the stiffness of the 
loop and renders it nearly unstable, so that the sensitive- 
ness is then very high and the deflections are aperiodic 
or overdamped. 

Within the last year a very novel and simple form of 
short-period string instrument has been devised by 
Mijnheer van Dyck of Utrecht under the title “ torsion 
string. galvanometer.” It is similar to the Einthoven 
galvanometer in having a single fibre in the field of a 
magnet, but the fibre is of silicon bronze of somewhat 
high specific resistance, and it carries a second thin wire 
of copper parallel and close to it. This second wire is 
soldered to it at the top and bottom of the magnet gap. 
When current is passed through the fibre the bulk of it is 
shunted through the lower-resistance copper wire, which 
therefore forms a half coil and tends to turn round the 
fibre as an ordinary moving-coil galvanometer. A small 
mirror is mounted on a thin mica slip across the loop and 
on the other side of the fibre so as to balance it, and the 
deflections can be read by means of an ordinary lamp and 
scale, The instrument has a periodic time of about 0-01 
sec., and nearly the same figure of merit as the Einthoven 
instrument. | 

Vibration galvanometers.—The great use of inductance 
bridges and a.c. potentiometers and other null methods 
of a.c. testing has caused a considerable demand for 
vibration galvanometers, and the moving-coil bifilar 
suspension type originated by Campbell has become the 
most popular. The Duddell double-string form, although 
very sensitive and of long range, has not proved com- 
pletely satisfactory owing to its response to harmonics, 
and it may be laid down as a cardinal principle in the 
design of such instruments that the mass of the moving 
element should be rigid and concentrated, so that the 
system has only a single resonance frequency. In this 
respect the author's moving-iron instrument is better 
than either of the above, and it has the advantage of 
being tunable without touching the suspension, the 
resonance frequency being controlled by the magnetic 
field whith can be varied by a magnetic shunt or by 
regulating the current in a magnetizing coil. Dr. Moll 
has, however, produced a vibration galvanometer of a 
remarkably simple form, great sensitivity, and wide 
frequency range, by having a single fibre in the field of a 
magnet as in the Einthoven galvanometer, and mounting 
a small mirror at its centre and slightly on one side so 
that it is out of balance. When alternating current is 
passed through the fibre it tends to vibrate it transversel y 
and to cause the mirror to oscillate round the fibre on 
account of its unbalanced inertia, so that when the fre- 
quency of the current corresponds to the natural fre- 
quency of the torsional oscillations a large oscillation is 
built up. Tuning is effected by altering. the tension on 


the fibre and a frequency range of from 100 to 2 500 
cycles per sec. is stated to be obtainable with a single 
system. 7 

A vibration galvanometer of exceptionally long range, 
3 to 1 500 cycles per sec., has just been introduced by 
Messrs. H. Tinsley. It is of the moving-coil type and 
has adjustments both for altering the tension and 
varying the length of the bifilar suspension as in the 
Duddell galvanometer. A pointer attached to the 
tension-adjusting screw enables the instrument to be 
approximately set to the required frequency. The above 
range is covered by three interchangeable coils. 

High-frequency galvanometers and oscillographs.—As 
vibrations of various. frequencies constitute the major 
portion of physical phenomena, their investigation is an 
extremely important branch of scientific and technical 
research, so that new forms of apparatus for recording 
wave-forms and transient phenomena of widely different 
frequencies are constantly being called for and devised. 
The bifilar oscillograph of Duddell still holds its own for 
engineering measurements at ordinary supply frequen- 
cies and has been constructed for very high voltages, but 
the greatest recent achievement are the portable types 
introduced about 1920 by the General Electric Co. in 
the United States and lately by the Cambridge Instru- 
ment Co. In the latter instrument three elements either 
of the Duddell or of the Ho and Koto electrostatic form 
(which can be interchanged) are mounted in a thin light- 
tight metal case and illuminated by a tungsten-filament 
lamp which is overrun at the moment of making an 
exposure. The photographic film is mounted on a drum 
in a detachable case with a shutter which opens only for 
a complete turn or for a fraction of a turn during which 
the lamp is overrun. | 

For many purposes, however, the bifilar type of 
vibrator which requires about 0-1 ampere for a reason- 
able record is too insensitive, and the Einthoven string 
galvanometer has been widely employed in its place for 
observing phenomena of moderate frequency as it gives 
about 5 mm deflection for 1 pA with a periodic time of 
about 0-0033 sec. During the war it was largely used 
in connection with microphones for sound-ranging and 
other purposes, and outfits were made by the Cambridge 
Instrument Co. for automatically developing and fixing 
the photographic records as they were made. The 
torsion string galvanometer of van Dyck above referred 
to also promises to be of considerable utility for this class 
of work. 

No really satisfactory type of oscillograph appears yet 
to have been devised for telephonic investigations which 
require to cover frequencies up to about 10000 cycles 
per sec. with very high sensitivity. An attempt has 
been recently made by M. Dubois in France to produce 
an oscillograph for this purpose, by employing a stiff 
polarized strip vibrating between the poles of a magnet 
and communicating its movements to a mirror througha 
fine ligament, but as its periodic time is about 00005 sec. 
it can hardly be expected to give satisfactory records at 
telephonic frequencies, although its robust construction 
may render it a very useful instrument for engineering 
work. 

The electrostatic oscillograph of Ho and Koto is a very 
useful device for high-voltage work at supply frequencies, 
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and, as has already been mentioned, can be used in place 
of one or more of the Duddell vibrators in the Cambridge 
portable oscillograph. The hot-wire oscillograph of 
Irwin, on the other hand, does not seem to have found 
favour, in spite of its ingenuity and adaptability for 
recording power as well as current or p.d. This may 
perhaps be attributed to the fact that the movement is 
even more difficult to construct than the ordinary bifilar 
form, and, although it needs no magnet, this is of no real 
advantage as compared with the permanent-magnet 
form. Considering the matter fundamentally, the great 
difficulty in the way of producing a sensitive high- 
frequency oscillograph would seem to be the inertia of 
the mirror. In the high-frequency oscillograph the 
mirror has already been reduced to such a small size as 
to render it difficult to obtain sufficient light for photo- 
graphic recording. The string galvanometer has the 
advantage of requiring no mirror, but the optical magni- 
fication (about 80) obtained by the microscope is greatly 
inferior to that obtained by the mirror, which may be 
as high as 1 000 or more. 

During the last year, however, a new oscillographic 
technique has been developed by Messrs. S. Butterworth 
and M. W. Burgess which promises to be very valuable 
for fairly high-frequency work when high sensitivity is 
essential. The equation of motion of a torsional system 
is 19” + 60’ + CO = T, wherel is its moment of inertia, 
b its damping constant, c the torsion constant of the 
control, 0 the angular deflection, and T the impressed 
torque. In ordinary oscillographs I is made as low as 
possible, which implies a high-frequency system, and the 
damping is adjusted to counteract it as far as possible so 
as to realize the relation cf = T. In this case, if T is 
proportional to the current or p.d. to be recorded, @ is 
proportional to the current or p.d. But if the control 
and damping are made negligible 10” = T and, if T can 
be made equal to Ki”, 0” = (K/1)i” or O(K/1)i + At + B,, 
which implies that the deflection follows the current 
but with an indefinite and drifting zero. A very small 
control and damping will, however, ensure that the 
deflection will start from a moderately definite zero and 
any small disturbance will then cause an oscillation of 
relatively long period, so that the record is superposed 
on an axis which is usually a slightly sloping straight 
line over a short interval and can readily be deduced 
from the curve. For telephonic frequencies a vibration 
galvanometer having a period of about 0-1 sec. is very 
suitable. The double differentiation of the current may 
be effected by passing it through the primary of a mutual 
inductance, the secondary of which is connected through 
a condenser to the galvanometer, and good records of 
telephone currents have already been determined in 
this way. 

For investigations at radio frequencies, however, no 
moving system can be devised with sufficiently low 
inertia, and the cathode-ray oscillograph in which the 
deflections are impressed on a stream of moving electrons 
which fall on a photographic plate has proved of the 
utmost value for such investig#fidns and for ‘transient 
phenomena of extremely short duration. The original 
Braun tube is the prototype of such oscillographs and 
has been put into a useful form of oscillograph by the 
Western Electric Co. in America, employing a conical 
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shaped bulb with a hot cathode from which an electron 
stream is emitted through a pinhole in an anode plate 
and passes.between two pairs of plates at right angles, 
so that two rectangular electrostatic fields can deflect it. 
The end of the bulb is coated on the inside with a fluor- 
escent compound and the movements of the spot under 
the action of the two fields can be observed, generally in 
the form of a Lissajous figure. An inexpensive form of 
this type of oscillograph has recently been. developed by 
Messrs. W. Edwards and Co. 

This simple type of oscillograph is not, however, suited 
for observing transient phenomena or for obtaining 
photographic records, and instruments for this purpose 
have been developed by M. Dufour in France and by 
Dr. A. B. Wood in this country. The original Dufour 
oscillograph was intended for obtaining records of radio- 
frequency wave-forms, and was of the cold-catHode type 
requiring about 30 or 40 kV to produce a high-velocity 
electrode stream of great photographic power. The 
photographic plate was placed inside the instrument 
which was then exhausted to a high degree, the stream 
being deflected across the plate by a high alternating 
p.d. across one pair of electrostatic plates, while the 
radio-frequency p.d. was applied across the other and 
gave a wave-form trace on the plate. 

The Wood cathode-ray oscillograph, on the other hand, 
is of the hot-cathode type requiring only 2 000 or 3 000 
volts to produce the electron stream and therefore having 
a smaller velocity and lower actinic value, but being 
much more easily deflected. It is made almost entirely 
of metal with only a glass bulb at the top containing the 
tungsten filament, This bulb has a conical joint with 
the top of a brass tube in which the deflecting plates are 
mounted on insulated stems. The deflecting plates are in 
this case of iron, and can be magnetized by an external 
ring magnet, as well as electrostatically charged, and 
the magnetic field produces the transverse motion of 
the electron stream. A large hollow casting with a 
cemented-in glass window forms the camera into which 
the tube fits with a conical joint, and it contains a 
rotatable drum carrying six plates so that six records 
can be obtained before air has to be admitted into the 
apparatus and the drum removed for development, 
recharging, and re-exhaustion. This type of oscillograph 
is much more sensitive than the cold-cathode form, as the 
lower-velocity electron stream is more easily electro- 


statically deflected, and a deflection of 1 cm is obtained 


with about 30 volts between the plates; but as the 
photographic action of the'stream is less intense it is 
only suitable for frequencies.up to about 20 000 or 30 000 
per sec., whereas the Dufour cold-cathode instrument 
has given good oscillograms up to over 1 million periods 
per sec. 

As the gelatine of an ordinary photographic emulsion 
is not easily penetrated by cathode rays, plates of the 
Schumann type are used, and may be made still more 
sensitive by incorporating fluorescent material in the 
emulsion. Such plates have been produced by Messrs. 
A. Hilger and Co. 

The cathode-ray oscillograph of Dr. Wood’s form which 
has been put on the market by Messrs, H. Tinsley and 
Co. is a robust and reasonably portable form of instru- 
ment and is most valuable for high-frequency research. 
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It takes practically no power to iuc the electrostatic 
deflecting field, and can be made extremely sensitive 
if used with a resistance-capacity amplifier. The one 
great objection to all such instruments is the need for a 
high-vacuum exhausting outfit, as the oscillograph must 
be re-exhausted after each replacement .of the photo- 
graphic plates, but this can be very rapidly effected by a 
combination of a high-speed ‘‘ molecular ’’ pump such 
as. that of Dr. Kaye with a small mechanical ‘' backing 
pump.” If the sealed form of Braun tube oscillograph 
could be made to give much greater intensity by a 
focusing cathode of moderate area and if the fluorescent 
screen did not disintegrate at.this intensity it might be 
possible.to employ an external moving film, which would 
make the device of extreme value. 

- Magnification of galvanometer deflections —Various 
optical devices for increasing the sensitiveness of gal- 
vanometer deflections by multiple reflection have been 
introduced with some success, but a much greater 
amplification may be obtained by using selenium cells or 
thermo-couples on which the light from the galvanometer 
falls and. which give a greatly increased deflection on a 
second galvanometer. The selenium magnifier was first 
put into practical use by Mr. A. Cox for telegraphic work 
and has been developed into a remarkably effective 
device ; and Prof. A. V. Hill has recently employed 
thermo-couples with good effect. Thermionic amplifiers 
are not as a rule satisfactory with direct currents, owing 
to the difficulty of maintaining a constant régime, but 
they can be employes most suecesstuly with PEPE nes 
currents. 

Electvometers. a zai advances have been made 
in electrometers of various types, owing to the stimulus 
of researches: on radio-activity. The most salient 
advance of the last few years as regards sensitive quadrant 
types of electrometer is the Compton electrometer in 
which the plane of the needle is slightly inclined and the 
height of one pair of the hollow quadrants can be varied, 
enabling an electrostatic control to be superposed on 
that of the suspension similar to the effect of an external 
control magnet. on a moving-magnet galvanometer, so 
that the instrument can be adjusted to neutral or even 
unstable equilibrium, and its sensitiveness can be varied 
Over a wide range and be made exceedingly high. The 
more robust standard type of quadrant electrometer for 
a.c. measurements has been improved by Mr. J. F. 


Sutton of the City and Guilds (Engineering) College, and - 


its technique for accurate measurements of small phase 
displacements, etc., has been extended. 

. As ‘with galvanometers, a great need has arisen for 
quick-acting electrometers of high sensitiveness and 
low capacity. The single-gold-leaf electroscope has been 
modified into a very sensitive instrument by Prof. 
G TR Wilson by tilting it, and Dr. G. W. Kaye of the 
National Physical Laboratory has developed the tilted 
form to probably about its limit. But the great feature 
of the last few years has been the introduction of fibre or 
string electrometers of various forms. These, electro- 
meters are exceedingly small, simple, quick in indication 
and portable, and of very small electrostatic capacity, 
sometimes as, low as about 2cm. In the Wulff form 
two silvered quartz fibres are stretched close together in 
the gap between two plates, and when a p.d. is applied 


Dolwen the strings and plates ihe former separate as 
in the double-leaf electroscope and their distance. apart 
is measured on a microscope with eyepiece scale. A 
single fibre between two plates i is used in the Cambridge 
string electrometer. and gives 0:044mm movement or 
5-6 divisions in the microscope for 25. volts on the fibre 
and 0 +1 volt between the plates. 

- In the Lindemann. electrometer a single: fibre is also 
employed but a second fibre is mounted transversely 
across it and moves between two small plates. The 
whole instrument is in 4 small box -with.glass windows, 
and can be placed on-the stage of an ordinary microscope. 
It is the most sensitive electrostatic instrument yet 
devised, and with 4 to 6 u gilded quartz fibres a deflection 
of 0-4 mm or 136 divisions in the eyepiece, scale can be 
obtained with 1 volt on the needle and 0-35 volt across 
the plates, equivalent to about o: 6 volt as an ac. 
voltmeter.. 

Resistance boxes, Wheatstone ans and potentio- 
meters —Little change of a striking character has occurred 
in this class of apparatus for many years, which would 
at first sight suggest that. practical finality has been 
reached. -Sliding-contact dial resistances are now em- 
ployed for the bulk of testing operations, and. although 
still inferior to plug contacts are. fairly satisfactory, 
though there is room for improvement ‘in the area, 
flexibility, and workmanship of the contacts. Messrs: 
H. Tinsley and Co. have just introduced a.new form of 
double brush -contact which appears to be a very great, 
advance. The contact studs are of circular form but 
have a deep groove cut in the side, and a similar groove is 
cut in the central block. Two slightly curved, broad 
laminated brushes «are inserted back to back so as to 
bridge the space between these grooves and exert a 
considerable contact, pressure against: their upper. and 
lower sides. It is claimed that constancy of contact 
resistance to about 10. microhms is obtained by this 
device. In the United States moulded bakelite bases 
with embedded blocks and terminals are supplanting 
ebonite slabs with screwed-on contacts, and this con- 
struction is not only a great economy for standard forms 
which can be produced in quantity, but probably much 
better from the point of view of permanence of insulation 
and appearance, as the oxidation by light of the 
sulphur in ebonite frequently causes. a very low surface 
resistance, in addition to spoiling its appearance. A few 
British firms are beginning to adopt this. construction 
for commercial resistance boxes, etc., but.its use might 
be extended with advantage. In the author’s opinion, 
however, the time has come for a drastic revision of the 
design and construction of all such apparatus on engin- 
eering lines. A resistance dial of the sliding-contact 
type has sufficient similarity to a dynamo armature and 


commutator to justify a comparison between their 


constructions, which is most decidedly, to the disadvan- 
tage of the former in almost every respect. However 
handsome in appearance polished ebonite slabs with 
lacquered brass fittings may be, they do not satisfy any 
of the canons of sound mechanical or electrical construc- 
tion. Although ebonite is a most excellent insulator if 
kept perfectly clean and dry and screened from sunlight, 
its surface insulation frequently falls to a very low 


_ value by the oxidation of the sulphur and the formation 


OTHER THAN INTEGRATING METERS. 


of a layer of sulphuric acid, which also destroys its 
appearance. It has little mechanical strength and 
softens at a comparatively low temperature, so that it 
is not only difficult to maintain the axes and contacts of 
the dials in perfect truth, but if a coil becomes overheated, 
as is liable to occur in these days of testing on power 
circuits, the studs to which it is connected may become 
loose or the ebonite may swell so that they are raised 
above the level of the others. If, as is usually the case, 
a number of dials and other fittings are mounted on a 
single slab, the overheating of a single coil may make it 
extremely difficult to true up the contacts without im- 
‘pairing the adjustment of the whole apparatus. In the 
dynamo commutator which is equivalent.to the dial 
contacts we have segments which are tightly wedged 
together by metal sheaves with mica insulation, making 
it extremely rigid and little affected even by high 
temperatures, so that even the burning-out of a coil does 


little, if. any, damage and the commutator can easily be | 


trued up in the lathe when necessary. In 1912 Mr. A. C. 
-Jolley deviséd a form of resistance box in which each dial 
‘with its coils was a self-contained unit rotatable on.a 
central spindle, -and with fixed laminated brushes 
spanning from one dial to the next. In the author’s 
opinion a few such types of resistance unit should be 
standardized and manufactured by mass-production 
methods, the coils being wound, aged and adjusted, and 
the units kept in stock for building into resistance boxes, 
single or double bridges, or potentiometers as required. 
‘They should be mounted on metal covers with bushed 
terminals and built up on a framework with a metal case, 
providing screening and allowing for oil filling; and if 
the various instrument makers were to get together and 
settle the forms of units which would fit in with their 
different requirements it should be possible to build-up 
almost any form of instrument at short notice without 
costly jigs and templates, and to avoid the need for 
carrying large stocks of costly instruments. Mr. R. W. 
Paul has already made a small start in this direction in 
his revolving-dial workshop bridges and potentiometers 
which are now made by the Cambridge Instrument Co., 
but the principle seems to be deserving of wide extension 
and worthy of consideration by the British Scientific 
Instrument Association. Although brush contacts are 
being improved and are generally preferred to plug 
contacts for all but the highest-precision work, they still 
need improvement as regards higher lamination and 
. area of contact. Mr. Jolley has recently found that 


‘whereas good plug contacts have a resistance of about . 


50 microhms, the best existing forms of brush contacts 
have a resistance of 160 microhms, and 500 to 1000 
microhms is quite usual. The new Tinsley contacts 
above referred 9 seem to offer a great advance on these 
figures. 

The rapid owt of radio-frequency testing has called 
for ever greater care in reducing the time-constants of 
resistance coils. Double-wound coils on brass tubes, 
which are the most common form at the present time, are 
inductive for resistances up to nearly 100 ohms. and 
increasingly anti-inductive for higher values, an average 
time-constant being about 2 x 10—77 sec. At supply or 
sonic frequencies this is generally negligible, but at radio 
frequencies it is serious and efforts have been made to 
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reduce it. The Cambridge Instrument Co. have pro- 
duced low-induction resistances in which the time- 
constants of the 100- and 1 000-ohm coils are only about 
10—?, and Messrs. Tinsley and Co. have introduced a form 
of coil in two sections wound on glass or porcelain cones, 
one inside the other, so that by altering the axial distance 
between them the capacity may be.made to balance the 
inductance at a given high frequency. The testing of 
the time-constants of such coils is a very difficult matter, 
and Mr. L. Hartshorn of the National Physical Labora- 
tory has recently developed a double-bridge method of 
comparison with a resistance of calculable time-constant, 
obtaining values for the author’s low-inductance, low- 
resistance standards in close agreement with their 
design. Sufficient recognition does not, however, appear 
to have been given to the Moore concentric type of non- 
inductive resistance, consisting of a tube of resistance 
alloy with current and potential terminals at its ends, but 
in which the return current is brought back through a 
central lead, so that the whole of the magnetic field is 
confined. between the inner and outer conductors and the 
resistance is perfectly non-inductive. Itis unfortunately 
difficult to make permanent resistances on this principle 
of more than a smal] fraction of an ohm, but for special 
tests the author has used platinized glass tubes with 
satisfactory results. 

Potentiometers have also received considerable de- 
velopment during the past few years and there seems 
to be a disposition to blend thẹ best features of British 
and German forms as the author has long advocated. 
The three prototypes of the modern potentiometers are 
the Kelvin and Varley slides, the Crompton, and thẹ 
Feussner dial type, which may be distinguished by the 
terms “ vernier type,” “ slide wire type,” and “ replace- 
ment resistance type,” respectively. Of .these the 
original Crompton single-dial and slide-wire type is 
undoubtedly the most simple and least liable to derange- 
ment as it ie unaffected by contact resistances, and it is 
likely to remain the favourite type for engineering 
measurements. In its original form it suffered from the 
serious defect that p.d.’s of less than 0-1 volt were 
measured entirely on the slide wire, and as it has been 
found desirable to limit the p.d. across heavy-current 
resistances or shunts to this value in order to reduce 
their bulk, cost and loss of power, this rendered it un- 
suitable for accurate measurement of heavy currents, 
The addition of a transposition device. which shunts the 
main circuit of the potentiometer with a ninth of its 
resistance and puts a coil of nine-tenths of that resistance 
in series with the combination, reduces the current and 
therefore the p.d. to one-tenth and restores the accuracy 
of the instrument; and this device has recently been 
added to the Crompton potentiometer, and also to.a 
similar instrument made by the Cambridge Co. The 
original vernier type—the Kelvin and Varley slides— 
was exceedingly costly and essentially of high resistance, 
but the same range can be covered by three dials of 
11 and one of 10 coils, the resistance of each successive 
dial being one-fifth of that of the preceding.one. The 
Cambridge Instrument Co. supply a vernier potentio- 
meter on this principle paid the e 
dials referred to above. 

. The German potentiometers: are nearly all on the 
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double-dial replacement principle and consequently need 
20 coils for each decade dial, and the ratio of the resist- 
ances of successive coils is obviously 10 to 1. They are 
therefore of more costly construction and higher resist- 
ance than the Crompton and Vernier forms. But in the 
matter of potentiometers for the measurement of 
thermo-e.m.f.’s, which have assumed considerable im- 
portance for accurate pyrometry, the potentiometers of 


Diesselhorst and Hausrath, in which the potential . 
contacts are fixed, have a great advantage over sliding : 


potential contact forms and Messrs. Tinsley and Co. 
have recently brought out potentiometers on this 
principle. Messrs. Siemens Brothers have introduced a 
_more simple thermo-e.m.f. potentiometer in which a 
moving-coil milliammeter is connected in series with any 
one of a few standard resistances which are used to 
balance the thermo-e.m.f. to be measured, so that it can 
be read off on the milliammeter. 

Alternating-current potentiometers have been in 
fairly considerable demand since the War, but mainly 
in Japan and other distant countries, and their value 
does not seem to have been sufficiently appreciated in 
this country. No doubt their very large range of applica- 
tion with little accessory apparatus appeals more strongly 
where a large battery of instruments cannot be obtained. 
Four types of a.c. potentiometers are now obtainable, 
(i) the original form of the author, (ii) the mutual 
inductance type of Larsen, (iii) the double co-ordinate 
form of Mr. D. C. Gall, and (iv) the capacity-inductance 
type of Pedersen. An alternating p.d., being a vector, 
may be specified either in its polar co-ordinates of 
magnitude and phase angle, or in its rectangular resist- 
ance and reactance components. Of the four potentio- 
meters mentioned above, the first is on the polar 
principle, and the remaining three on the rectangular 
principle. The polar principle is unquestionably the 
better for standardization and all-round testing as the 
magnitude and phase angle can be read off directly 
without calculation, but the phase-shifting transformer 
used with it does not give accuracy of phase angle 
higher than 0-1° or 0-2°, so that the rectangular 
potentiometers have some advantage when very small 
phase differences such as those of instrument trans- 
formers have to be measured, although these can be 
determined indirectly by the polar instrument. In the 
Larsen potentiometer an ordinary d.c. potentiometer is 
connected in series with a variable mutual inductance 
which balances the reactive component of the p.d., but 
as its secondary e.m.f. is proportional to the frequency 
the instrument can only be made direct-reading for one 
specified frequency, and in any case the magnitude must 
be calculated from the two components. The author 
has, however, used the mutual inductance as a valuable 
accessory in the direct measurement of magnetic fields, 
and has determined the magnitude and phase of the 
magnetic field around a submarine cable fed with 
alternating current in the water and the air at various 
frequencies up to a distance of } mile in this way. In 
the Gall potentiometer two similar potentiometers are 
employed for measuring the two components directly, 
being fed by equal currents in quadrature by a phase- 
splitting device, and a simpler self-contained form has 
recently been developed for testing the relays used in 


railway working. The Pedersen device does not yet seem 
to have been put into the form of a commercial instru- 
ment, but. consists of two similar potentiometers, one 
connected in series with an inductance and the other 
with a condenser such that the time-constants of the two 
circuits are equal, in which case when they are connected 


| in parallel to an a.c. supply the two currents are in 


quadrature whatever the frequency. As, however, the 
values of the currents and therefore of the potentiometer 
readings vary with the frequency the device can only be 
direct-reading for one frequency, and on the whole the 
Larsen device seems more simple and direct. 

Condenseys.—Fixed-value condensers with mica or 
paraffin-paper insulation have apparently reached finality 
as there have been no appreciable changes in their con- 
struction for many years. On the other hand, decade 
dial-pattern condensers have come greatly into use for 
testing work and considerable attention has been paid 
to their construction in view of their ‘use for high- 
frequency work in which the contact resistance and 
capacity of the switch become of considerable import- 
ance. Various ingenious connections for obtaining the 
changes from 1 to 10 units in each dial with the minimum 
number of condenser sections have been devised, but the 
simple arrangement of 10 equal sections with a rotating 
paralleling switch is the most common, and in the best 
decade condensers each dial is enclosed under a glass 
cover with an improved brass dial plate covering the 
contacts and ebonite to protect the ebonite from 
deterioration by light and moisture. The previous 
remarks concerning resistance-box construction would 
seem to apply equally to condensers, and especially the 
enclosure in a metal case for screening and facilitating 
their use in Schering and similar bridges. 

Vane condensers have been developed to a very great 
extent for radio work and will be referred to under that 
section. 

Metallized-paper condensers of the type originated by 
Mansbridge have been very largely used for purposes 
where only approximate accuracy is required, and ,of 
course to an enormous extent in connection with tele- 
phonic and telegraphic instruments, as well as for the 
correction of power factor on inductive loads. 

For the testing of the power factor of various insulating 
materials an air condenser forms the best standard of 
comparison, and Dr. E. H. Rayner has designed and 
constructed a concentric cylindrical condenser for 
pressures up to 300 kV for use in connection with the 
new high-voltage testing installation at the National 
Physical Laboratory. 

Apparatus for inductance and capacity testing— 
Mainly owing to the rapid development of radio work, 
in which inductance and capacity play a more important 
part than resistance, the measurement of these quantities 
has become of great importance, and the old methods 
which gave satisfactory results for fairly large inductances 
and capacities at low frequencies have had to be modified 
or supplemented by methods capable of measuring 
inductances and capacities of only a few centimetres at 
radio frequencies. These new requirements have necessi- 
tated éxtreme care in reducing the time-constants of 
resistance coils and the capacity and ‘‘impurity ” of 
inductances, as well as the resistance of condenser 
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contacts; and above all in the screening or earth connec- 
tion of the apparatus. Alternating-current bridge 
methods of test have almost completely superseded the 
old ballistic deflectional methods except for telegraphic 


purposes, and also the intermittent or reversing methods — 


of Ayrton and Perry, Maxwell and Fleming, and have the 
advantage of measuring the power factor or impurity of 
the condenser or inductance simultaneously. For the 
majority of tests, alternating currents derived from an 
alternator, microphone hummer, or valve oscillator are 
employed, with a vibration galvanometer or telephone 
receiver as a detector of balance. 

As regards bridge methods, the advent of long-range 
dial and vane condensers has greatly simplified the 
procedure, and methods such as Anderson’s for measur- 
ing inductances of different value in terms of a single 
fixed condenser have practically gone out of use. The 
devices chiefly used at the present time are the Campbell 
inductometer bridge and the Wien bridge with its recent 
modification by Schering. As self-induction, mutual 
induction, and capacity can all be easily compared, a 
variable standard of any one of them may be used, and 
mutual induction has the great advantage of enabling the 
longest continuously variable range in a single instru- 
ment to be obtained and of being most conveniently 
applicable for a variety of tests. The Campbell variable 
mutual standard constructed by the Cambridge Instru- 
ment Co. is made in three forms, one having a range of 
— 3 to + 104 uH on its rotatable secondary with the 
addition of 10 steps of 100 uH and 10 of 1000 pH, 
giving a total variation from—0-3to 11 104 4 Hor 11 mH, 
and the others having ranges of 0-03 pH to 1-1 mH, and 
of 2 uH to 110 mH respectively. As the coils are highly 
stranded and wound on marble formers the impurity of 
the inductance is low, involving a correction of only 
0-1 per cent at 1 000 cycles per sec. A simplified form 
of this standard with the addition of two 10-ohm non- 
inductive ratio coils forms the Campbell inductometer 
bridge with which a large number of tests can be made. 

The latest device of Mr. Campbell is his ‘ versatile 
inductometer bridge’’ introduced during last year, 
which is intended primarily for accurate measurement of 
capacities, although it can also be emploved for the 
measurement of small inductances and resistances. The 
method essentially consists in shunting the condensers 
by known resistances and treating the combinations as 
an impedance of negative reactance or inductance, the 
difference of which can be measured by the usual mutual- 
inductance method. The bridge contains a pair of 
equal fixed-ratio coils, two resistances of values 4/ (10), 10, 
4/ (1000), 100, 4/ (100 000), 1 000 and (y/10?) ohms which 
are simultaneously changed by a “ range switch ” and 
across which the condensers are connected, and the 
secondaries of two variable mutual inductances with a 
small sliding rehostat between them completing the 
bridge circuits. An a.c. source of about 800 cycles per 
sec. is connected between the junction of the fixed ratios 
and the sliding contact of the rheostat, the telephone or 
vibration galvanometer being connected across the ends 
of these ratios. One of the inductometers is of small 
range and serves with the rheostat to obtain a preliminary 
balance of the bridge before connection of the condenser, 
after which the condenser is connected across one of the 


variable ratios and its capacity and effective resistance 


| are directly measured on the large inductometer and the 


rheostat. For this bridge Mr. Campbell has introduced 
a new form of variable mutual-inductance standard, in 
which the secondary moves round an axis like a hinged 
door and gives an approximately logarithmic inductance 
scale, so that the percentage accuracy of reading is 
nearly the same over the greater part of the range. 
With this bridge, condensers can be compared to within 
an accuracy of about 1 in 20 000, inductances can be 
measured from 1 to 300 „H, and resistances from 
0-001 ohm to several megohms. The resistance of grid 
leaks can be very conveniently tested on the bridge, and 
their effective capacitance is simultaneously determined. 
Frequency can also be fairly conveniently measured by 
the device. o 

On the other hand, as variable vane and decade 
condensers have been developed to a high degree of 
accuracy these are very largely used as standards, 
especially in radio measurements where vane condensers 
alone are frequently sufficient. 

Of other bridges, the most flexible form which permits 
of any of the numerous methods of comparing induct- 
ances and capacities or of measuring them in terms of 
resistance and frequency is that devised by the author 
and made by Messrs. Tinsley and Co. It consists simply 
of a 4-arm bridge with 4 sets of non-inductive coils of 
1, 10, 100 and 1 000 ohms, and each arm has a break in 
series with it which can either be short-circuited or allow 
of the connection of a resistance or inductance, and also 
terminals which enable any arm to be shunted by a 
resistance or condenser. The connections for any of the 
methods are thus made very conveniently and rapidly, 
and as the arrangement is absolutely symmetrical the 
tests may be repeated with different arrangements of the 
arms if desired. The supply and galvanometer terminals 
are in the form of pins in the centre of the bridge, and are 
connected by a plug and stranded flexible conductor to 
minimize interference. The desirability of testing at 
high frequencies for radio and telephonic apparatus, 


: which has been facilitated by the use of valve oscillators 


as sources of supply, has brought capacity effects into 
prominence, especially when earphones are used as the 
detector, and for this reason the Wagner earthing device 
which brings the detector to earth potential is now 
commonly employed. In principle this can be easily 
effected by earthing one of the terminals of the bridge to 
which the detector is connected, but in the case of 
circuits of high impedance this might involve errors due 
to low insulation on one of the supply leads and the 
consequent shunting of one of the arms, so that an 
artificial neutral point is produced by a combination of 
resistance and inductance corresponding to the arms of 
the bridge, and this point is connected to earth. The 
Wien bridge, which is largely used for the measurement 
of the capacity and power factor of condensers, is 
merely a slight modification of the original de Sauty 
method. It has two non-inductive ratio arms of fixed 
values and a small variable resistance for connection in 
series with either of the condensers under comparison, 
so as to bring their power factors into equality. Dr. 
Fleming and Mr. Dyke have substituted fixed condensers 
for the ratio resistances, with some advantages. In this 
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device the fixed condensers should be screened and the 
screens connected to the detector terminals, and the 
Wagner earth should be used with either bridge. 


The latest form of bridge for capacity testing, due. to 3 
Schering, is practically a carefully screened form of Wien : 
| solid or laminated bar of known section, which is clamped 


bridge, the metal screening cases of the condensers being 


connected together by tubes through which. run the : 
In a form of this bridge which has just | 
been devised by the Cambridge: Instrument: Co. for ; 
testing the electric properties of sheets of insulating _ 


condenser leads. 


materials, two fixed :non-inductive ratio coils, one of 


which is shunted by a.vane condenser to balance the ' 
power factor, are provided, and a second vane condenser : 
for balancing the capacity of the specimen under test. . 
The testing condenser consists of three plates all provided ' 


with guard-rings, and the sheet of material to be tested is 


cut into two pieces about 8 in. square with 6 additional . 
small blocks to act as distance-pieces between the : 


guard-rings. The whole arrangement is mounted like a 


horizontal press with screws to clamp the two sheets 
between the middle and outer plates, and the condensers 


and ratios are in metal cases connected together by 
-metal tubes through which the leads run to the plates, 
the tubes being connected to the guard-rings by a length 
of flexible metallic tubing. Balance is first taken on a 
telephone with the distance-pieces in position, but 
without the sheets and with the power-factor. condenser 
set to zero, after which the sheets are. inserted and 
readings of the two condensers to restore the balance are 
taken, from which the capacity, dielectric constant, and 
power factor of the specimens are easily determined. 
Supply is from a valve oscillator at 800 cycles per sec., 
and the power-factor condenser is deci scaled in 
power factors for this frequency. 

A very convenient and accurate method of measuring 
frequency is by the mutual-inductance frequency meter 
of Mr. A. Campbell. If an alternating current is passed 
through the primary of a mutual inductance, the second- 
ary e.m.f. e, =jwM;y1,; and if it is connected through a 
high resistance to the primary of a second mutual 
inductance i, =jwM,i,/R and e3 = — w*M,M,i,/R, 
which can be balanced against the p.d. år across a 
resistance 7, in series with the first primary coil, when 
M,M,w/R = r, or w* = Rr[(M,M,) = a/M,, if R,r, and 
M, are fixed. The scale of the second variable mutual 
inductance can therefore be marked oft directly in 
frequencies. The theory is slightly complicated by the 
phase displacement caused by the current taken from 
the secondary of the first mutual inductance, but this 
can be compensated for once for allby including the p.d. 
across a small portion of the resistance in this circuit in 
the detector circuit, and the simple law given above is 
preserved. The frequency meter ordinarily measures 
frequencies from 180 to 4000 cycles per sec. to within 
0-1 per cent, but the range can be altered and greater 
accuracy can be obtained over a shorter range if desired. 

Magnetic testing apparatus.— In recent years improve- 
ments in apparatus for testing magnetic materials have 
concentrated upon eliminating the effect of joints and in 
securing uniformity of flux distribution in the specimen, 
which have led to what may be called ‘‘ magnetic 
potentiometer *” methods. In the United States various 
methods have been devised: for compensating the reluc- 


tance of joints by additional magnetizing coils, but by 


| far the most promising device is that recently invented 


by Dr. Edward Hughes and manufactured by the 
Cambridge Instrument Co. .In this permeameter the 
specimen to be tested is in the form of a rectangular 


to a horseshoe yoke in the ordinary manner. Three 
magnetizing coils are employed, one uniformly covering 
the greater part of the specimen with two additional, 
more concentrated, coils near the joints, two spaces. being 
left between the central and outer coils to allow the ends 
of a small horseshoe piece of soft iron to be brought up 
to touch the specimen. A search coil is wound inside 
the central magnetizing coil and can be connected to.a 
ballistic galvanometer or fluxmeter. In use the central 
magnetizing coil is.supplied with current through an 
ammeter and rheostat in the ordinary way, and an 
additional current, the value of which need not be known, 
is passed through the other two coils in series and 
adjusted until no deflection is seen on the galvanometer 
when the soft-iron horseshoe is brought up to touch the 
specimen or is suddenly withdrawn from it. When this 
is the case it implies that the two points of contact are 
at the same magnetic potential so that no flux is shunted 
through the iron horseshoe, and in this case the magnet- 
izing force in the specimen is simply 477/10 times the 
ampere-turns in the magnetizing coil per cm length 
between the points of contact, irrespective of the reluct- 
ance of the joints. If both currents are simultaneously 
reversed the flux and therefore the induction can be 
measured on the fiuxmeter in the ordinary manner and 
the induction is almost perfectly uniform over the length 
tested. This method seems so superior in principle to 
any of the previously known methods for testing straight 
bars or bundles of lamination that it seems likely to 
supersede them entirely. 

The great use of permanent magnets for car magnetos 
has called for rapid and simple means for testing them, 
and the M.L. Magneto Syndicate has introduced a testing 
apparatus on the Faraday disc principle. An iron disc 
is rotated at a constant speed by'a controlled motor, in 
the gap between two soft-iron pole-pieces shaped to fit 
various forms of permanent magnets, and the e.m.f. 
induced in the disc is measured on a millivoltmeter which 
therefore indicates the total flux of the magnet. Magnet- 
izing coils with rheostats and ammeter are provided which 
enable the remanence and coercive force and stored 
energy of the magnets also to be measured, and it is 
claimed that a complete test of a magnet can be made 
in 20 to 30 seconds. 

Thermopiles.—Great attention has been given to the 
improvement of thermo-junctions during the past few 
years, principally as regards the reduction of the size and 
heat capacity of the junctions. The soldering together 
of a number of thin wires, which was the usual device 
until a few years ago, was both difficult and unsatis- 
factory as the heat capacity of the joints was consider- 
able. The first notable improvement was made by Mr. 
Hamilton Wilson and Miss Epps in 1920, by the simple 
process of depositing copper or silver electrolytically on 
portions of a thin constantan wire. The wire was first 
wound into a spiral or grid of the desired form and 
immersed to half its width in the depositing bath so that 
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two lines of hot and cold junctions were produced at the © 


same operation. Within the last two years, however, 
Dr. A. B. Wood and Mr. Lakey, and Dr. Moll have 
independently produced extremely sensitive thermopiles 
by hard-soldering constantan and copper strips together 
and rolling down the combined strip to a thickness of 
0-00005 in. The compound foil can then be cut by a 
fine knife into a grid of small junctions only a few mils 
wide, and a large number of junctions can: be made into a 
small flat plate by threading a strip of mica through the 
grid. Such junctions have an extremely small heat 
capacity and attain their full temperature in about 
0-01 sec. or lose it in about 0-1 sec. in air, but a very 
great improvement: in sensitivity (about 150-fold) is 
obtained by enclosing them in a thin exhausted bulb, 


unfortunately, however, combined with a much slower ' 
response, as they require, about 10 times as long for . 
heating and cooling. Where rapid response is unneces- : 
in radiation pyrometers and cross ‘thermo- . 


Sary, as 
junctions for.a.c. measurements, vacuum thermo-couples 


äre a great advantage and they have been adopted in the | 
pyrometer above mentioned and | 


Bowen Co.'s.*“* Pyro” 
are supplied for general purposes by the Cambridge 
Instrument Co. Messrs.. Elliott Brothers have just 
introduced vacuum couples in which the heating wire is 
insulated: from the junction by a thin glass tube. 
Photo-electric devices —-Until the last. few years the 
only light-sensitive device of which any appreciable use 
had been made was the selenium cell, and it is still much 
the most sensitive of such-devices, although the Case 
thalophide cell has certain advantages for. the longer 
wave-lengths. Considerable improvement has been 
made in the construction of selenium cells, notably by 
Dr. Thirring in Vienna, and by Dr. Fournier d’Albe, 
Mr. K. C. Cox and Dr. Wood in this country, and the 
last-named has found that the relatively poor sensitive- 
ness or ratio of dark to light resistance of many selenium 
cells is due to the hygroscopic nature of their supports 
which has. caused the cell to be shunted by surface 
leakage. But in spite of all precautions in their manu- 
facture, selenium cells still seem to be subject to discon- 
certing variations, and, in addition, since the action of 
light appears to be to liberate, electrons which are only 
relatively slowly recombined when the illumination is 
cut off, there is a more or less serious lag in the change 
of resistance, and no definite law between the fluctuations 
of resistance with illumination ; and the sensitivity of the 
cell is relatively low for very rapid changes of illumina- 
tion such as are needed in attempts at television. The 
Westinghouse Co. have, however, recently introduced a 
selenium cell with a surface of.8 X 8 cm which appears 
to be a marked advance in both sensitivity and rapidity. 
The cell is enclosed in a drying box to maintain the 
highest possible dark resistance, and the selenium film 
is only 1 mil thick so that practically the whole of it is 
penetrated by the light and the dissociated ions are either 
ejected or rapidly recombined. This cell is said to give 
a current of 10mA for 100 ft.-candles of illumination, 
and to have an extremely high ratio of dark to light 
resistance. Selenium cells have already been success- 
fully employed for a few very useful devices, chief of 
which is the Cox magnifier for cable telegraphy con- 
structed by, Messrs. H. W. Sullivan, in which beams. of 
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light from a mirror on a siphon recorder movement fall on 
a large multiple selenium cell divided into sections, and 
relay their movements up to a second siphon recorder, 
retransmitting devices, etc. By the use of multiple 
beams falling on different sections of the cell and induc- 
tive shunt to compensate for the lag, this magnifier has 
been developed into an extremely sensitive, rapid and 
useful device. Another application of very great 
interest is the Optophone of Dr. Fournier d’Albe which 
has been developed by Messrs. Barr and Stroud for the 
purpose of enabling blind persons to read ordinary books. 


- It consists of an * optical siren ” in the form of a revolv- 


ing disc with four rows of holes, through which light from 
a small tungsten-filament lamp is concentrated through 
a slit on the book to be read and returns to be reflected 
on to a selenium cell connected through. an amplifier to 
earphones.: When the whole of the light is reflected 
from a white papér surface a continuous chord of four 
notes would be heard if it were not for a compensating 
device which balances the fluctuations, but if three- 
fourths of the line of light is blocked off by a black line 
on the paper a single note is heard, and. so on. By 
adjusting the focusing lens the length of the line of light 
is made to correspond to the height of the letters of the 
type of any book which is placed face downwards on:a 
glass plate and caused to oscillate from end to end of 
each line and move upwards from line to line; and as the 
letters pass under the slit individual notes or chords 
enable the letters to be recognized. 

The fascinating problem of television has been brought 
into prominence recently by Mr. J. L. Baird, who has 
employed lenses or apertures set in a spiral on a rotating 
disc to impress the variations of light from the various 
parts of an object on a selenium cell and thereby to modu- 
late a carrier wave. At the receiving end the modulated 
wave is greatly amplified and caused to vary the intensity 
of a source of light—most conveniently a neon lamp— 
the picture being formed by a similar disc rotating in 
synchronism with the transmitting disc. A successful 
demonstration of television on somewhat similar lines 
has recently been given by the General Electric Co. .in 
America. Although such demonstrations are of remark- 
able interest and represent exceedingly fine scientific and 
technical achievement, it seems somewhat premature to 
assume that television will soon come into general use. 
If we consider an ordinary half-tone process. block, a 
screen ruling of 100 lines to the inch, giving 10 000 dots 
to the square inch, gives rather a coarse picture, and as 
this picture must be traversed at least .10 times. per 
second to appear even moderately continuous, this 
involves 100 000 modulations per second for each square 
inch of picture, or a modulation frequency of 5 millions 
at least for `a picture 8in. X 6in., and the illumination 
of the picture would be only about a millionth of the 
intensity of the spot of light. For a pleasing picture 
without sensible flicker probably at least four times this 
frequency would be necessary, so that, as it requires 
several oscillations of the carrier wave for each modula- 
tion, it would appear that. the latter can only have a 
wave-length of.a very few metres. The problems of 
modulation, transmission, and reproduction, as well as 
of obtaining sufficient illumination of the picture, would 
therefore all appear to be very formidable, but they have 
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been reduced to some extent by the General Electric | 


Co. by the employment of seven spots of light simul- 
taneously, each of which is separately modulated. 
The ideal solution would, of course, be to imitate the 
mechanism of vision itself, but as this would involve 
separate modulation and illumination of each element 
of the picture it seems outside the range of possibility. 

A rival to the selenium cell has appeared recently in 
the photo-electric cells based on the pioneer work of 
Elster and Geitel. When light falls on certain of the 
alkali metals—sodium, potassium or rubidium—it causes 
them to emit electrons, so that if one of them is enclosed 
in an exhausted bulb and used as a cathode with an 
ordinary plate anode and high-tension battery the plate 
current is increased proportionally to the intensity of 
illumination. Although photo-electric cells are ex- 
tremely insensitive in comparison with selenium cells, 
they are greatly superior in metrical properties and in 
rapidity of response. They have already found a prac- 
tical application in the “ talking pictures’’ developed 
by the Western Electric Co. in which the sounds to 
be reproduced are recorded by variations in the intensity 
of a narrow band at the side of the film; and when these 
_variations are impressed on a photo-electric cell and very 
highly amplified the sound is reproduced in loud-speakers 
behind or round the screen. 

The good metrical qualities of the photo-electric cell 
have been put to an important technical use by Dr. 
Paterson and the staff of the Research Laboratories of 
the General Electric Co. for the rapid testing of glow 
lamps. The lamps to be tested are slipped into holders 
on a rotatable disc so that one after another is brought 
into position before a photo-electric cell; their candle- 
-power can be read directly by a galvanometer deflection. 

There are now two chief classes of photo-electric cells, 
known as ** hard ” and “ soft ” cells. In the former the 
vacuum is as perfect as possible so that plate current is 
simply due to the emission from the photo-active 
material, while in the latter a small amount of residual 
gas is left and the effect increased by ionization by 
collision, as in ‘‘soft’’ valves. The “soft” cells are 
much more sensitive than the “ hard ”.ones, but are of 
course less metrical and rapid in their operation. The 
hard cells are manufactured by the General Electric 
Co. and soft neon-filled cells by the Cambridge Instru- 
ment Co. 

Radio-frequency apparatus.—The immense develop- 
ment of broadcasting, as well as of long- and short-wave 
radio-telegraphy, has of course involved an enormous 
production of condensers, inductive coils and vario- 
meters, transformers, valves, and amplifiers, but it can 
hardly be said that accurate measuring instruments have 
kept pace with this development. This may be attri- 
buted considerably to the remarkable amplifying 
properties of the valves, which has made it much more 
easy to obtain a desired result by adding another stage 
or two of amplification than by improving the efficiency 
of transmission and reception. This policy, although it 
has served fairly well up to the present time, is inherently 
unsound, even for broadcasting, as atmospheric and other 
disturbances are always present, and the only possibility 
of obtaining really pure reception lies in increasing the 
intensity of the power radiated so as to swamp these 


disturbances. This has already been realized in the 
development of beam transmissions, and we may expect 
to see an era of accurate measurement in radio trans- 
mission which may possibly lead to the development of 
radio power transmission. 

The most important item upon which the rise of radio 
transmission and reception has depended is of course the 
thermionic valve, which has taken various forms since 
the original diode of Fleming (1904) and triode of 
de Forest (1906). Triode valves are still the most generally 
used, and have been developed to very large outputs by 
the use of fused silica and more recently by making the 
body of the valve of metal and employing glass-to-metal 
joints which have been chiefly developed by the Research 
Laboratory of the General Electric Co.; but such power 
valves hardly come within the compass of this review. 
The four-electrode or double-grid valve has been a very 
useful development for many purposes, and a “ mag- 
netron’’ or magnetically operated valve has been 
successfully employed in the United States. 

From the point of view of electrical instruments and 
measurements the most important applications of 
thermionic valves are to oscillators for generating high- 
frequency currents, and to amplifiers for extending the 
sensitiveness of measurements. As regards the former, 
valve oscillators are now in general use for a wide range 
of frequencies, but they do not as a rule give a sinusoidal 
wave-form, and Messrs. H. W. Sullivan and Messrs. H. 
Tinsley and Co. have made special oscillators for elimmat- 
ing the harmonics. On the other hand, the tendency 
of the valve to produce harmonics has been turned to 
valuable account in the multi-vibrator originated by 
Abraham and Block, in which the harmonics are inten- 
tionally magnified by resonance, and which provides a 
very accurate method of standardizing high frequencies 
by stepping up from a known frequency such as that of 
a tuning-fork. A standard multi-vibrator wavemeter has 
been devised by Dr. D. W. Dye for stepping up from 
1000 cycles per sec. and is manufactured by Messrs. 
H.W. Sullivan. During the War Dr. Eccles devised the 
valve-maintained tuning-fork which has since been 
developed into a valuable and reliable source of standard 
frequency. Quartz piezo-electric resonators have also 
been introduced by Messrs. A. Hilger and others for 
accurate high-frequency standards and wavemeters. 

Wavemeters have become of great importance in radio 
work and two types are now in common use—the simple 
resonant circuit of which the Fleming Cymometer was 
the prototype, and the heterodyne type in which an 
independent valve oscillator is employed the frequency 
of which is brought into coincidence with that of the 
received waves by the beat method. Messrs. H. W. 
Sullivan and the Marconi Co. have developed various 
types of wavemeters of high accuracy. 

As regards amplifiers, the resistance-capacity method 
of coupling is the most satisfactory form for metrical 
work owing to its freedom from distortion, and it has 
made measurements of minute phenomena easy which 
would previously have been impossible. Up to the 
present, however, amplifiers have only proved satis- 
factory for measurements of fairly rapidly varying 
phenomena, and attempts which have been made to 
employ them for the magnification of steady or slowly 
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varying phenomena have rarely been successful owing to 
unexplained variations in the valves. 

The most useful direct-reading valve instrument for 
radio frequencies is the valve voltmeter of Mr. E. B. 
Moullin which is manufactured by the Cambridge 
Instrument Co. In the low-reading type (1-5 volts) of 
this instrument a 6-volt battery is employed in series 
with a rheostat to heat the 3-6-volt filament, and the 
p.d. to be measured is applied between the grid and a 
tapping on this rheostat 1-6 volts below the potential 
of the negative end of the filament. A single-pivot 
galvanometer is employed as the indicating voltmeter 
and is connected between the plate and the positive 
end of the filament through a fixed resistance, the whole 
circuit being shunted by a condenser. The filament 
current is first adjusted until the galvanometer deflects to. 
a certain mark on the scale when no p.d. is applied to the 
grid, and upon then applying the p.d. its value is indi- 
cated upon the upper portion of the scale. In the second 
type for p.d.’s up to 10 volts a 70-volt H.T. battery is sub- 
stituted for the resistance in series with the galvanometer. 
This type of voltmeter has proved of the greatest value 
for radio measurements on account of its extremely low 
power consumption, but it is questionable whether it 
gives the true R.M.S. value of the p.d. on very distorted 
wave-forms. Fibre electrometers and the Lindemann 
electrometer previously described are sometimes useful 
for p.d.’s of the order of 1 or 2 volts. 

As regards high-frequency current measurement, men- 
tion has already been made of the thermo-junction 
moving-coil instruments, but the Duddell thermo- 
galvanometer still remains the most sensitive instrument 
for small high-frequency currents. The Moll thermo- 
convertor wattmeter promises to be of value for direct 
measurements of. high-frequency power down to a 
fraction of a watt. 

No direct method of measuring the exceedingly small 
p.d.’s and currents obtained in radio reception has, 
however, yet been devised or appears to be in sight, and 
the best method of estimating these quantities appears 
to be by.the “‘ signal strength meter ” recently devised by 
Messrs. B.S. and F. D. Smith. In this device a carefully 
screened valve oscillator is tuned to produce an oscillat- 
ing current of exactly the same frequency as that of the 
measuring wave by the beat method, and .the current 
from it is passed through a thermal milliammeter to a 
potentiometer on the artificial cable principle made up 
of alternate series and shunt resistances, so that the 
p.d. between successive studs varies in steps of equal 
ratio of 1/4/2. The resistance at the input end is 0-1 ohm 
so that 10 mA gives a p.d. of 1000 uV, diminishing by 
steps having a ratio of 0-7 to 1000/21 or 0-0076 pV. 
The potential terminals of this instrument can be 
applied to the terminals of any receiving set by a 
change-over switch and the p.d. can be varied until the 
signal appears to be of the same strength as that derived 
from the aerial, when the p.d. is equal to that received, 
to an accuracy of about 10 percent. As the receiving set 
is not altered in any way for the test the amplification 
factor is of no importance. Currents can, of course, be 
measured by the apparatus by measuring the p.d. across 
a non-inductive resistance of convenient. value. 

Condensers.—An immense extension of the use of 


condensers, notably of low capacity, has been brought 
about by radio work, and during the last few years 
attention has been largely concentrated on the produc- 
tion of variable condensers of the rotating multiple-vane 
type with maximum capacities of about 0-001 uE or 
less. The chief requirements for such condensers are 


| (a) rigidity of construction, (b) large ratio of maximum 


to minimum capacity, (c) sensitive and definite adjust- 


' ment, (d) convenient scale, (e) reliable connections, 


(f) high insulation and low dielectric loss, and (g) efficient 
screening. Owing to the very small clearance between 


| the moving and fixed vanes and the fact that the former 


are frequently supported only at the axis, it is essential 


| that the vanes should beas flat and accurately and rigidly 
| mounted as possible, and some of the German makers 


actually cut the whole of the vane systems out of the 
solid. The usual practice, however, is to employ 
stamped-out vanes mounted between distance-pieces, and 
it is remarkable how definite the capacities of. such 
condensers are—a considerable proportion of a batch 
agreeing to within 1 per cent over their entire range. 
The semicircular form of vane has been found to give the 
highest ratio of maximum to minimum capacity for a 
given total space and the most uniform scale. Brush 
connection to the vanes is not satisfactory unless very 
carefully made, and a flexible connection is simple and 
effective, as the maximum rotation is only 180°. Ebonite 
insulators are most commonly used but are not always 
satisfactory as regards insulation or dielectric loss, and 
metal bases with bakelite or orca bushes are better; and, 
since it is desirable to enclose the condenser in a metal 
case for screening, such a cover forms part of the screen. 
As regards the scale, there has been a tendency to use 
vanes of various forms in order to obtain a “ square 
law” or a uniform frequency scale, but this involves 
larger dimensions and a poorer range, and it would seem 
preferable to keep to the semicircular vane and to rotate 
it by a cam of the form required to secure the desired law. 

Highly accurate standard screened-vane condensers 
have been designed at the National Physical Laboratory 
and have been manufactured by Messrs. H. W. Sullivan 
and Messrs. H. Tinsley and Co. 

For condensers of fixed value mica insulation is 
commonly employed, but when high voltages are used 
the Dubilier silvered-glass condensers are in general use. 

Inductances.—Inductance coils of fixed value are very 


greatly used for radio work and have been greatly 


improved by “‘ basket winding ” in order to reduce the 
capacity between the turns, special machinery having 
been devised for rapidly producing such coils. Valuable 
mathematical work on the design of coils for minimum 
losses has been carried out by Mr. S. Butterworth. In 
order to reduce interference, very neatly wound toroidal 
coils have recently been introduced (by the Dubilier Co.), 

as in such coils the magnetic field is practically confined 
to the interior of the toroid. The construction has also 
been extended to high-frequency transformers, but it 
does not seem: to. have been realized that both the 
primary and secondary coils in this case should be 
complete toroids, and it is to be hoped that this will soon 
be carried into effect, as there would seem to be no 
greater difficulty in doing so, now that a satisfactory 
winding machine has been evolved. ae 
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Variable inductances or “'variometers” are: also 
employed, though to a much smaller extent, as tuning is 
almost always effected by the vane condensers, and they 
are usually small editions of the original aie and 
pary variable-inductance standards. ` 

‘X-ray spectrographs.—Since the War the most noi 
making advance in electrical measuring instruments both 
from the scientific and technical standpoints has been 
the advent and employment of the X-ray spectrometer, 
suggested by Laue but brilliantly developed by Prof; 
W. L. Bragg and by Sir William Bragg and his co-workers 
at the Davy-Faraday Laboratory. In the early days of 
X-rays they were generally considered to be sudden 
pulses due to the impact‘of electrons on the heavy 


molecules of the:anti-cathode owing to the absence of- 


refraction effects, but recent research by Barkla and 
others has shown them to be ultra-high-frequency 
vibrations having wave-lengths of the order of 1 A.U. or 
less, or about a ten-thousandth of that of light, so that 
their resolving power is proportionately higher; and the 
fine laminar structure of crystals serves as diffraction 
gratings for these rays and reveals the arrangement of 
their protons and electrons or “‘ lattice structure.” By 
employing a palladium anti-cathode in an X-ray tube a 
beam of almost uniform or ‘‘ monochromatic ” X-rays 
of wave-length about 0-56 A.U. is obtained, and as the 
molecular structure of cubical crystals such as those of 
rock salt can be determined theoretically, this enables 
the wave-length of these rays to be determined from their 
diffraction spectrum. Starting from this point Sir 
William Bragg has been able to investigate the crystalline 
and molecular structure not only of generally recognized 
crystalline materials but also of fibres and many other 
materials whose crystalline structure had not before been 
suspected; and the results of this X-ray analysis have 
been of supreme scientific and industrial importance, as 
it has been found that the properties of a large number 
of important materials have a close relation to the 
regularity of their crystal structure. There are two 
methods of determining this, the rotating crystal 
and the. “ powder ” method, and X-ray spectro- 
graphs have been made by Messrs. Hilger and Pye and 
others, which enable either of these methods to be 
employed. We may anticipate further developments 
in this direction before long from the Davy-Faraday 
Laboratory. 


Standards and standard instruments —As regards: 


primary standards, matters stand practically as they did 
before the War, and hardly. any interest now seems to be 
taken in the subject either in this or other countries. 
Fortunately the work of Dr. F. E. Smith at the National 
Physical Laboratory up to the outbreak of the War had 
reached such a stage that our primary standards were at 
a high pitch of perfection, and the Lorenz apparatus and 
current balance at the National Physical Laboratory 
have proved fully equal to all requirements. A great 
deal of time has been wasted in the past over the supposed 
need for material legal standards or “' practical,” as 
opposed to “ scientific,” definitions of the units, and the 
time has certainly come for the abolition of such stan- 
dards and the legalization of the C.G.S. units, as resistance 
and current can now be measured by a Lorenz apparatus 
and absolute current balance with at least as high a 


degree of precision as: with Boa Tangan ohms ang 
Sive voltameters. 

As regards * material ‘standad®, for practical use, 
however. it cannot be said that matters are in a satis- 
factory state. Staridard coils which used to be looked 
upon as at least giving us reliable standards of resistance 
have not proved to.be dependable, and in the light of 
the knowledge which has. been obtained upon- secular 
changes in metals and alloys it is not to be expected that 
they should be.. : In the case- of alloys of aluminium and 
zinc, for example, the changes are so great that their 
distortion in a few years can be easily seen, and although 
such alloys are not: used for resistance coils they prob- 
ably only exhibit on an exaggerated scale the variations 
which occur in other alloys.. The presence of zinc in an 
alloy, in particular, seems especialy Pree to its 
permanen 

. In the case of resistance coils, manganin coils of values 
foi 1 ohm upwards not infrequently show a fairly high 
degree of permanence, but others do not, and we do not 
yet seem to know what treatment to adopt either in the 
manufacture of the wire or its after treatment in order 
to ensure it. Strip or plate: resistances of low value on 
the other hand in the author's experience almost in- 
variably increase in resistance by nearly 0-1 per cent per 
year for the first two or three years after their construc- 
tion, and as the effect of the first annealing is ta lower the 
resistance it does not seem certain that it is advisable. 


At any rate there is little room for doubt that material . 


standards of resistance, which used. to be regarded as 
the most permanent of electrical standards, are not to be 
relied on; and there is certainly room for further research 
in. this matter. Possibly it will be found that alloys 
having a‘ definite chemical constitution and prepared as 
single crystals will solve the difficulty, but the task will 
be a formidable one as a very low temperature coefficient 
is almost essential for the accurate measurement of 
resistance standards, and this may be found to be in 
antagonism to their permanence. 

The .most reliable of practical standards to-day, 
therefore, is not that of resistance but of e.m.f., as the 
work of Dr. F. E. Smith on cadmium cells .has enabled 
them to be prepared with a consistency of within 1 part 
in 10000, and their permanence seems to be quite 
satisfactory. Their temperature coefficient of 0-004 per 
cent per degree C. is higher than that of manganin 
resistance coils, but the need for a very low temperature 
coefficient in the latter is not due to a difficulty in 
measuring the temperature of the enclosure but of the 
conductor itself when a current is passing through it, 
and this does not apply to a.standard cell tested by a 
potentiometer method. : - 

As regards measurement of current, the silver volta- 
meter has also been developed to a fairly high degree of 
precision by Dr. F. E..Smith, but it is too slow and 
troublesome in use to be a practical standard. It seems 
therefore that the standard cell and resistance ought to 
form the basis of practical standards, and that every 
effort should be made to secure standard resistances 
which shall be permanent to.1 part in 100 000. Stand- 
ards of self-inductance and mutual inductance when 
carefully wound on marble cylinders have been made 
with a high degree of precision and permanence, and 
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their values ‘can be calculated absolutely: from ‘their 


dimensions. - _ 
- 8. SENSITIVE CONTROLLING DEVICES.. 

The evolution of technical electrical instruments has 
within the last few years entered on a new phase. In 
the early days accurate indication was all that was 
looked for, then came integrating supply meters, after- 
wards recorders and automatic alarms, and now complete 
automatic control, which has already been developed to 
an enormous and little-chronicled extent, and seems to 
have no limit to its possibilities: It will only be possible 
to give a few broad indications of this development here, 
both on account of the vastness of the subject and the 
secrecy which necessarily attaches to a very large 
section of it. E 
- The early development of controlling devices arose 
almost entirely in connection with telegraphic work, 
which gave rise to various forms of unpolarized and 
polarized relays from which a large number of the modern 
controlling devices have been evolved. During and 
since the War, need has been felt for relays of the highest 
possible sensitivity, and the Weston moving-coil :form 
has proved most satisfactory, a 300-ohm relay of this 
type being capable of operation with 20 to 30 pA. 
Many attempts have been made to produce even more 
sensitive relays, and there is no difficulty so far as the 
production of a sensitive moving element is concerned, 
but the real problem is in the contacts, which require an 
appreciable force both to make and to break circuit. 
Moisture and contamination are serious obstacles to the 
establishment of contact, and welding to its breaking. 
The two most important requirements for sensitive relay 
contacts are freedom from oxidation and a high welding 
temperature, and so far no substance has been found 
which meets them both. Platinum, iridium and other 
noble metals are best in the former, and tungsten 
probably the best in the latter respect, but platinum is 
liable to weld even with currents of a few milliamperes, 
and tungsten suffers from oxidation. The rational line 
of improvement would therefore appear to be in using 
tungsten contacts in an inert.gas or a vacuum, and the 
General Electric Research Laboratory has just produced 
a “ vacuum switch ” consisting of an evacuated glass 
tube in which tungsten contacts are mounted on springs 
with soft-iron pieces, so that the tube can be inserted 
into a solenoid for operating the contact. This arrange- 
ment is of course not very sensitive, but currents of 30 
amperes.can be made and broken with great reliability 
and rapidity, and if a moving coil or other magnetic 
device were enclosed in the tube a very sensitive and 
reliable relay might result. In view of.the extreme 
importance of absolutely reliable relays it seems that 
much more attention should be given to the subject of 
contacts than has hitherto been done. As regards 
ordinary relays, moisture is fatal to the establishment of 
reliable contact, and immense improvement is secured by 
enclosing the relay in an air-tight case with a drying 
reagent. The smallest sparking also leads to the 
formation of minute roughnesses on the surface which 
causes contact to be made at a small point, with conse- 
quent local heating and welding, so that a condenser 


with series resistance across the break is essential for a | 


delicate relay, and the capacity:and resistance should be 


: adjusted with the relay in complete darkness to suppress: 
- | the sparking. Flexible contacts which have often been. 
| tried for the purpose of giving a *“ wiping ” contact do 
' not seem to be satisfactory, owing to their less definite 
| form and liability to make point contact, and rigid, 

carefully faced’ contacts of sufficient ‘area and heat 


capacity seem to give the best results. A 

In addition to sensitivity, rapidity. of operation 1s a 
most important requirement of relays for many purposes, 
notably for high-speed telegraphy; and for this purpose 
the inertia of the moving parts must be as small as 
possible in proportion to the operating force, and the 
time-constants of the coils must also be kept down, which 


| leads to the use of small magnets. Messrs. Creed and 
- Co. have produced a very robust, reliable form of high- 
' speed relay of moderate sensitivity, and the author has 


constructed a polarized relay of fairly high sensitivity 


| capable of giving 1 000 contacts a second with a 500-cycle 
alternating current. Damping of the relay movement 1s. 
' often of importance, both to make it independent of. 
, external shocks and to avoid rebounding from the 
| contacts, and lead or other buffers are sometimes useful 
| for this purpose. | eee 


- A most important application of relays is, of course, 


to circuit breakers and other protective devices which 


will, the author understands, be dealt with later in the 
review on ‘‘ Transmission and Distribution.” o 
Distant indication and control.—A most important 
recent development of electrical working which has 
grown to extensive proportions is the transmission of 
indications to a distance and their ‘utilization for the 
control of small or heavy mechanisms by means of some 
“ follow-up ” device. For distant indication the “ step- 
by-step ” motor, of which the Vickers and the Sperry. 
are the best-known types, has been’ principally used. 
The former consists of a stator in the form of a soft-iron: 
ring with six internally projecting poles, which are 
magnetized in opposite pairs by three sets of windings 
with a common return. Current is supplied to each of 
the three windings in turn through a rotating commu- 
tator which causes the magnetic field to advance through 
steps of 120°, or rather through steps of 60°, as two sets 
of poles are simultaneously excited in the intermediate 
positions. The rotor is, however, in the form of a 
four-armed cross and therefore turns in the opposite 
direction to the rotation of field, with 12 full steps and 
12 intermediate or half steps in each revolution. In the 
Sperry motor, which is used chiefly in connection with 
the repeater dials from the master gyro-compass, the 
statoris of similar form but the rotor is of H form, giving 
6 full steps and 6 half steps per revolution, the trans- 
mitter having 3 contact fingers actuated by rotating cams. 
Ratchet transmitters somewhat on the lines of the old 
A.B.C. telegraph have also been extensively employed, 
and the British Thomson-Houston Co. have recently 
introduced a very extensive telemeter system on the 
ratchet principle, in which the instrument, such as an 
ammeter, whose indications are to be transmitted is 
provided with a hinged contact arm which is periodically 
brought up by an electromagnet so that one or other 
contact touches the pointer, unless it is midway between 
them. The two contacts are connected to electromagnets 
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each of which actuates a pawl engaging with a ratchet 
wheel, the two ratchet wheels being on a single spindle 
geared to the rocking contact arm and causing it to move 
in one or other direction until the pointer is midway 
between the contacts. The magnets operating the 
ratchets also make secondary contacts which actuate 
similar ratchet mechanisms on the receiving dials, and 
a rotating distributor enables a large number of dials to 
be controlled from the same master transmitter. The 
Cambridge Instrument Co. employ in connection with 
their CO, indicators a ratchet device with the addition of 
a coloured transparent sector, which causes the illumin- 
ated pointer to change from red to green according to 
whether the percentage of CO, in the flue gases is falling 
or rising. The step-by-step devices have the advantage 
of being very positive in their action and of being able 
to transmit an appreciable torque for the actuation of 
light mechanisms, but they are equivalent to toothed 
gearing in which the teeth are magnetic and consequently 
disappear when the current fails, so that they must be 
correctly meshed or “‘ lined up ” after each restoration 
of the supply, and may occasionally miss step. Messrs. 
Evershed and Vignoles, on the other hand, have devised 
two methods of transmission which are continuous in 
their operation, and require no lining up. The earlier 
and better known is on the potentiometer or Wheatstone- 
bridge principle, and consists simply of two uniformly 
graded resistances wound on insulating rings and pro- 
vided with sliding contacts. One of these is at the trans- 
mitting and the other at the receiving end of the line, 
and each resistance is connected between a pair of 20-volt 
mains so that there is a uniform fall of potential across 
them. The sliding contact of the transmitter can be 
‘set to any desired indication, and is connected to the 
sliding contact of the receiver through a pointer galvano- 
meter or relay, so that if the receiver is turned to the 
same position there is no difference of potential between 
the contacts, and the galvanometer or relay is balanced. 
If a relay is used it can be made to actuate a follow-up 
motor and thus bring the receiver automatically into 
line with the transmitter. In order to obtain a smooth 
following without hunting it is necessary that the speed 
of the follow-up motor should be approximately propor- 
tional to the displacement between the transmitter and 
receiver, and to end this Mr. Needham has introduced 
his “‘ shaker,” which consists of superposing an alter- 
nating current on the relay so that it is kept in vibra- 
tion, and the average duration of contact controls the 
speed of the motor. A more recent and very elegant 
device is the Midworth distant repeater, in which any 
number of exactly similar milliammeters are connected 
in series to a potentiometer resistance by which the 
current through the circuit can be continuously varied 
: from zero to the maximum value. The transmitter is 


provided with this potentiometer resistance and one of - 


the milliammeters and with a pivoted arm carrying two 
contacts, one on each side of the milliammeter pointer. 
If this arm is turned to any desired indication, the 
milliammeter pointer touches one of the contacts and 
causes a small follow-up motor to turn the potentiometer 
contact until the current is such that the milliammeter 
pointer rests between the contacts, so that all the 
milliammeters indicate the same reading. The device 
has the advantage of only requiring a single circuit for 


| any number of repeaters, and of being independent 


either of variations of the supply voltage or. of the re- 


- sistance of the circuit. 


As regards follow-up devices, the favourite. is a small 
series motor with two field coils wound in opposition, 
the armature being connected between their common 


_ junctiori and one of the supply mains, while the free ends 


of the two field coils are connected to the relay contacts, 
and the relay arm is connected to the. other main, 
so that if contact is made on either side the motor runs 
in the corresponding direction and resets the balance. 
This is quite satisfactory for movements of low or 
moderate speed, but for high-speed following it is liable 
to overrun or ‘‘ hunt,” owing to the high inertia of the 
motor armature, and to reduce this trouble recourse is 
often had to a brake which is held off by a magnet in 
series with the armature but which comes into operation 
immediately the current is broken. This considerably 
increases the possible speed of working, but these follow- 
up devices show up more vividly than anything else the 


- inherent unsuitability of the electromagnetic motor for 


variable-speed working, owing to its low torque/inertia 


ratio; and for the highest-speed follow-ups it is better 
- to use a continuously running motor with two differential 
clutches or friction drives actuated by electromagnets 


from the relay contacts, so that only a very light portion 
of the mechanism has to be started or stopped. One 
example of such a device is in the Everett, Edgcumbe 
relay graphic recorder already mentioned, in which the 
continuously running motor which drives the paper roll 
is also provided with two friction discs on its spindle, 
between which a small wheel is held on a springy shaft, 
so that when it is attracted to one or other side by 
magnets actuated from the relay contacts it touches one 
or other of the friction discs and rotates in either the 
forward or the reverse direction. ‘This is quite satisfac- 
tory for light mechanisms, but more powerful clutch- 
brake motors have been constructed for heavier drives. 
_ In conclusion, mention should be made of the efforts 
which have been made by the British electrical instru- 
ment makers since the War in the direction of individual 
and co-operative research. The research laboratory of 
the General Electric Co. at Wembley has already been 
successful in producing devices of very great value, and 
other firms are working on similar lines. The British 
Scientific Instrument: Research Association has been 
carrying out a large number of most valuable investiga- 
tions, particularly on the properties of materials, for the 
benefit of its members and the trade generally, and the 
British Electrical and Allied Manufacturers’ Association 
has also done considerable service in investigation and 
development. A very great incentive to the development 
of instruments of every class is given annually by the joint 
Exhibition of the Physical and Optical Societies, which 
is becoming of greater importance every year and affords 
an excellent record of progress. Finally, the Institute 
of Physics has for the past four years published the 
Journal of Scientific Instruments, containing scientific 
articles on instrument theory and design,.and descriptions 
of the latest productions of the various manufacturers. 
With all these activities the electrical instrument in- 
dustry is probably now the most active and progressive 
in the country, and its prosperity and prestige seem 
well assured. 
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SUMMARY. 


This investigation was carried out for the purpose of 
finding whether the assumption usually made regarding the 
distribution of current in an antenna was a sufficiently close 
approximation to the conditions that obtain in practice. 

The current distribution of a straight, vertical antenna 

was found experimentally by placing ammeters at various 
points along the antenna and readirfg them by means of a 
telescope. In order that the effect of the ammeters might 
be calculated, the antenna was constructed in the form of a 
cage with the ammeters inside. Thus the capacity effects 
of the ammeters were eliminated. The self-inductance of 
the ammeters was measured and a correction for it was 
applied to the theoretical curves. 
_ The comparison of the experimental and theoretical 
curves, calculated on the usual simple theory that the current 
distribution is sinusoidal, showed remarkably good agree- 
ment over the whole range of wave-lengths used (15 m to 
800 m). The highest frequency was nearly three times the 
natural frequency of the antenna. 

According to the simple theory, the natural wave-length 
of a simple antenna is 4 times its length. More rigorous 
mathematics led Macdonald to put the figure in some cases 
as high as 5 times its length, and this figure is often 
quoted in textbooks. This was reduced to 4-2 times by 
Abraham and Fóppl. The experimental results of this 


paper agree with the latter figure. 


The effect of a change in diameter of the wire at a point 


in an antenna was investigated and found to agree with ! 


theory. Various shapes of antenne were also tested, includ- 
ing the common inverted “ L” and “T” antenne. The 
effect on the current distribution of a conductor placed near 
the antenna was also examined with the conductor insulated, 
earthed and tuned, and was found to be negligible. 

A theoretical analysis, which is unfortunately very labo- 
rious to apply, agreed with the experimental results obtained. 


(1) PURPOSE OF THE INVESTIGATION. 


It has been usual to assume that the distribution of 
current along a uniform antenna is sinusoidal in form. 
With this assumption, the polar diagrams and the 
radiation resistance for various shapes of antennz have 
been obtained theoretically by various writers. Among 
these may be mentioned G. W. Pierce,f B. van der Pol,f 


* The Papers Committee invite written communications (with a view to 
ublication in the Journal if approved by the Committee) on papers published 
fn the Journal without being read at a meeting. Communications should reach 
the Secretary of the Institution not later than one month after publication of 
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t G. W. Pierce: ‘‘ Theoretical Investigation of the Radiation Characteristics 
of an so Proceedings of the Ametican Academy of Sciences, 1916, vol. 52, 
. 192. , 
j ¢ B. van DER PoL: “On the Wave-Lengths and Radiation of Loaded 
Antenn,” Proceedings of the Physical Society of London, 1917, vol. 29, p. 269. 
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S. Balantine,* W. Murphy,f and S. Levin and C. 
Young.i 

The reason for considering that the current varies 
sinusoidally is based on the assumption that the effective 
capacity and inductance is uniformly distributed over 
the whole length of the antenna. In this case the 
problem becomes that of a simple transmission line 
(see Appendix 1). Moreover, since in an antenna the 
drop of voltage over any element of length due to the 
resistance is negligibly small compared with the react- 
ance-drop, the solution of the transmission line equations 
reduces to a simple sinusoidal law. 

Now it is well known that, owing to the proximity of 
the ground, the effective capacity per unit length$ at 
the lower end of an antenna will be greater than that 
at the upper end. Moreover, there will be end-effects 
which will give the appearance of producing a larger 
capacity near the ends than in the central. portions. 
For the purpose of calculating polar radiation diagrams, 
radiation .resistances and effective heights, it is very 
important to know whether the assumption of a sinu- 
soidal distribution of current is sufficiently accurate 
and what errors such an assumption is likely to produce. 

This problem was undertaken both experimentally 
and theoretically. The theoretical method has not been 
carried out very far owing to the considerable amount 
of computation it entailed and because it was con- 
sidered that, for practical purposes, the assumption of the 
sinusoidal distribution of current was amply justified. 

The author has shown elsewhere || that, with the 
exception of a small difference in the radiation 
resistance, the effective constants of an antenna are 
identical whether it is receiving or transmitting. If the 
constants of a transmitting antenna can be calculated 
from a knowledge of the current distribution, the 
calculation will also apply to the same antenna when 
used as a receiver. 


* S. BALANTINE: "On the Optimum Transmitting Wave-Length for a 


- Vertical Antenna over a Perfect Earth,” Proceedings of the Institute of Radio 
Engineers, 1924, vol. 12, p. 833. 


W. Murphy: “ Space Characteristics of Antenn»,”” Journal of the Franklin 
Institute, 1927, vol. 203, p. 289. ws 

3 S. Levin and C. Younc: “ Field Distribution and Radiation Resistance of 

a Straight Unloaded Vertical Antenna Radiating at one of its Harmonics,’’ 


' Proceedings of the Institute of Radio Engineers, 1926, vol. 14, p. 675, 


§ Capacity effects are characterized by a change in the value of the con- 


` duction current in the conductor. We can therefore define effective capacity O 


per unit length, by the equation ai 
| jlo = a: Je 
where v is the potential at the point considered, potential being defined as the 


work done against the electric charges only of the system, without taking the 


ts int unt. 
TR. M. WILMOTTE: “¿On the Constants of Receiving and Transmitting 


Antenne,’’ Philosophical Magasine, 1927, vol. 4, p. 78. 
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(2) EXPERIMENTAL INVESTIGATION, 


(a) Current measurement.—The principle of the experi- 
mental method was to insert thermo-ammeters at 
various points along the antenna, and to read them by 
means of a telescope. 

In order that the ammeters should affect the con- 
stants of the antenna only by calculable amounts, the 
latter was built in the form of a cage with the ammeters 
inside. In this way the ammeters do not affect the 
distribution of capacity, but they may affect the distri- 
bution of inductance. This was allowed for as explained 
below. 

The antenna was suspended at the centre of a rope 
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held between two 100-ft. masts 300 ft. apart, so that 
the masts and surrounding objects should not disturb 
the current in the antenna. The first antenna tested 
was of the simple vertical type. It was 11 m high and 
made of 16 No. 18 S.W.G. copper wires forming a cage 
11 cm in diameter, the ratio of height to diameter 
being chosen purposely small in order to magnify .end- 
effects. The antenna was built in sections 1 m in length, 
so that the ammeters could be inserted at any con- 
venient points, each section being kept stiff by means 
of a wooden strut. The foot of the antenna was level 
with a radial counterpoise insulated from earth. Fig. 1 
is a view of the arrangement in perspective, looking 
upwards from the ground. The hut containing the 
valve oscillator and all the auxiliary apparatus was 


y 


set below the counterpoise, so that the antenna was 
screened from it. 

(b) Calibration of ammeters.—It is unnecessary to 
know the calibration of the ammeters at various fre- 
quencies in absolute values of amperes. All that is 
required is the ratio of the readings. The instruments 
were of the contact thermo-junction type, reading from 
0-0-125 ampere to 0-1-5 amperes. One terminal of 
each was permanently connected to the shield so as to 
fix definitely the capacity effects. The instruments 
were compared in pairs with each other by placing 
them in series, as shown in Fig. 2. A, and A, are the 
two instruments and the circuit is tuned by the two 
condensers C, and C,, which are kept at approximately 
the same value. In this way it is possible to keep the 
point P between the two ammeters and the centre Q 
of the coil at the same potential. By earthing the 
point Q, the point P became at earth potential without 
any direct earth connection, so that no earth capacity 
current could fow at P. This was tested by connecting 
the points P and and noticing that the ammeter 
readings were not affected. It is immaterial whether 
the ammeter screens are connected to the terminals 
in series with the point P or to the other terminals, so 
long as they are always connected in the same way in 
the circuit and in the antenna, i.e. the screens must 
either be connected to the part below it or all to the 
part above it. In this way the calibration will take 
into account the capacity effects of the ammeter to the 
screen. It may be mentioned that these precautions 
were necessary. Thus, at frequencies above 3000 
kilocycles the ratio of the readings of the ammeters 
was altered when the ratio of the values of the con- 
densers C, and C, was varied and the point P was no 
longer at earth potential. 


| Source | 


Fic. 2. 


The ammeters were compared at frequencies up to 
20 000 kilocycles (A = 15 m) and the ratio of their scale 
readings was found to agree to within 2 per cent. 

_ The heating elements of the ammeters consisted of a 
small straight wire some 2 cm long. It was not possible 
to measure such a small self-inductance at telephonic 
frequencies, in addition to which such a measurement 
would not take into account the capacity currents, 
which become important at radio frequencies. The 
measurement of self-inductance was carried out by 
leaving the instrument between two sections of the 
antenna and completing the circuit through a con- 
denser and a coil in series. The reading of a micro- 
condenser in parallel with the main condenser was 
taken when resonance was obtained. Short-circuiting 
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the ammeter in such a way as to make the cage con- 
tinuous necessitated, for resonance, a change in the 
reading of the micro-condenser. From the capacity 
readings the effective self-inductance of the ammeter 
could readily be obtained. 

In order to obtain accuracy, it was necessary to use 
a small coil in the circuit so as to make the self- 
inductance of the-ammeter as large a percentage of the 
total self-inductance as possible. This meant that the 
condenser had to be large and, in consequence, the tuning 
blunt. The following arrangement was used for increas- 
ing the sensitiveness to which the circuit could be tuned. 
This method can be used for tuning any ordinary circuit. 

The circuit is coupled fairly closely to the oscillator, 
one terminal on each of the condensers of the source 
and the circuit being connected together in order to fix 
capacity couplings. The source is very loosely coupled to 
a steady oscillator wavemeter. A note is obtained in 
the wavemeter telephone. Near the tuning point of 
the circuit this. note varies in the well-known way. 
A mercury switch enables the circuit to be made and 
broken. The condenser is adjusted until the note 
heard is of the same pitch, whether the circuit is made 
or broken. In this condition the circuit is in tune with 
the source. At first it is not very easy to adjust the 
circuit to this condition, for the amplitude varies, as 
well as the pitch, when the circuit is made and broken. 
When this occurs it means that the reaction of the 
circuit on to the source has not altered the frequency of 
the latter. It may be shown that the variation of fre- 
quency of an oscillator due to an outside circuit, which 
is coupled to it, will be negligible when the e.m.f. 
induced back on to the source is accurately in opposite 
phase with the current in the coil of the oscillatory 
circuit of the source. This is the particular form of 
tuning which is obtained by the method described. If 
the e.m.f. induced in the circuit is in quadrature with 
the current in the coil of the source (as will be the case 
for combinations of pure inductive or capacitative 
coupling), the current in the coil of the circuit will be 
in phase with the e.m.f. induced in it, and the circuit 
is said to be tuned. For accuracy, therefore, there should 
be no eddy-current losses or leakages, as these would 
cause impurities in the coupling. l 

The method is extremely sensitive and requires some 
care in use. The coupling of the circuit to the source 
must be so adjusted that it is not so loose that varying 
the tuning of the circuit produces but a very small 
change in the note, or so close that the source becomes 
unstable or, owing to the double frequency effect of 
coupled circuits, the frequency of the source suddenly 
changes to a different value at the critical moment. It 
does not require much practice, however, to obtain 
suitable conditions with ease. 

There is one further point that requires care. As the 
circuit is tuned, the same note will be heard in the 
telephones at two different settings of the condenser; 
which of these should be chosen depends on the setting 
of the wavemeter. The wavemeter will have been set 
by obtaining a very low note in the telephones when 
the circuit under test is detuned, and by increasing or 
decreasing the condenser setting of the wavemeter 
until a note of a suitable pitch is obtained. Suppose 


the condenser setting to have been decreased, then the 
circuit should be tuned by decreasing the capacity until 
the first correct note is obtained, and vice versa. 

The value of the effective self-inductance of the 
ammeters varied from 0-1 to 0-15 pH, which is equal 
to the self-inductance of about 50 cm of the antenna 
(taking into account the effect of the image in the earth) 
as calculated by equation (25) of Appendix 1. 

(c) Results.—In order to compare the curves obtained, 
the values of the currents were multiplied by a ratio 
so as to make the maximum unity or, where there was 
no mathematical maximum, the current was made 
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Fic. 3.—Experimenta] curves showing current distribution 
in vertical (11 metre) aerial. 


- This distance was so chosen that the proximity effect of 


the counterpoise might not vitiate the comparison. 

The term ‘‘ proximity effect ” may need explanation. 
It is true that all parts of a circuit react on other parts 
and it is difficult to separate the effects. The field 
produced by the currents in the counterpoise will react 
on the antenna, but this field will decrease rapidly as 
the distance from the counterpoise increases, We can 
therefore expect that at distances : greater than 1 m 
from the counterpoise its exact structure will have no 
appreciable effect on the current distribution. We may 
go further and expect that beyond that distance the 
current distribution would be very approximately the 
same, whether the counterpoise were present or not. 

Figs. 3 and 4 show the experimental curves obtained 
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with a simple vertical antenna at a number of fre- 
quencies ranging from 1000 to 20000 kilocycles 
(A = 300 to 15 m). No difference in current distribu- 
tion was noted when the antenna was slightly detuned. 

The curve for the lowest frequency is interesting in 
demonstrating the end-effects. On the simple sinu- 
soidal theory, the curve should be a straight line. We 
should expect a larger capacity per unit length near 
the ends than in the centre, so that the rate of change 
of current with distance along the antenna. would be 
larger near the ends. This is shown by the experi- 
mental curve for the frequency of 1000 kilocycles in 
Fig. 3. 

The current distribution was also obtained at a much 
lower frequency of 400 kilocycles, when a curve identical 
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Fic. 4.—Experimental curves showing current distribution 
in vertical (11 metre) aerial. 


with that for 1000 kilocycles was obtained. It can 
therefore be safely assumed that this will be the curve 
for all frequencies below 1000 kilocycles. For the 
purpose of comparison in Fig. 3 a dotted line is 
shown which represents a straight-line distribution of 
current. 

In Fig. 5 the experimental curves are compared with 
those obtained on the simple sinusoidal theory. On 
this theory, the current 2 at a point distant x from the 
top end of the antenna is given by 


i = Ipsin (35). oe - a 


where A is the wave-length. | 
The necessary corrections [see Appendix 1, equatio 
(23)] for the self-inductance of the ammeters have been 
applied. In order to show how necessary these are, one 
theoretical curve, shown chain-dotted in Fig. 5, has 


been drawn without making any such corrections for a 


wave-length of 15-6 m, for which the difference is most 
noticeable. . 

The agreement between the experimental and theo- 
retical curves is remarkably good, considering the assump- 
tions underlying the simple theory. Asis to be expected, 
the discrepancy is greater near the ends. One point 
worthy of note is that the positions of maxima of 
current coincide within the limits of experimental 
errors for the theoretical and practical curves. If no 
corrections were necessary, as would be the case in 
practice, these maxima would occur at a distance from 
the top of the antenna equal to $ wave-length. Accord- 
ing to the simple theory the natural wave-length of a 
simple antenna is 4 times its length More rigorous 
mathematics led Macdonald * to put the figure in 
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some cases as high as 5 times its length, and this figure 
is often quoted in textbooks. This was reduced to 4:2 
times by Abraham and Fóppl. The experimental results 
of this paper agree with the latter figure. 

It was considered desirable to test the theory in the 
case of the more common inverted “ L” type of antenna. 
Owing to the weight of the instruments and the available 
strength of the masts, it was not possible to use a hori- 
zontal cage in the same way as the vertical one. To 
save.weight, it was decided to put the amméters only 
in the vertical portion of the antenna which was a cage 
as before, while the horizontal portion consisted of a 
thin wire. In order to justify the correction for a change 
in the diameter of the wire [see Appendix 1, equation 
(22)), an inverted ‘‘ L” antenna was built with a small 
horizontal cage only 3 m long. This cage did not contain 


wo M. Macponatp; “ Electric Waves,” p. 111 (Cambridge University Press, 
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any ammeters and was similar to that used on the vertical | To show the necessity of the correction for the change 
portion, which was 11 m long and 11 cm in diameter. | in diameter of the wire, theoretical curves were calcu- 
Fig. 6 shows the experimental and theoretical curves. lated for wave-lengths of 25 m and 60 m, making only 


1-0 = 


: x ee A = 60m 
0-8 
Y 


0-6 f 
/ 7 
= f e 
2 0-4 p p f N 
S A ge \ 
3 f L \ 
p02+-p E N 
\ 
S \\A=25m 
3 x 
2 0 
S 2, E 6 8 UY o 10 12 14 
Distances along aerial, from tip of “L, in metres \ 
Ju 
\ 
3-0-2 \ 
L \ 
E N 
3 
Q 
-0°4 ; . 
Experimental curves AN 
e e — Theoretical u N 
-0:6 Aerial oars 
-(0-8 E 
Fic. 6 
1:0 (¿A a 
“O LS —_— A = 60m 
a NO 


2 4 6 8 10 iz \\4 
Distances along aerial, from tip of “L, in metres Y 


Current (arbitrary units) 


Experimental curves 
-0:4 -------— Theoretical ' \ 


© queens O Ge so but be 

corrected for ammeters only N 
; 3m 

-0-6 Aerial po 


Fic. 7. 


The horizontal cage was then replaced by a wire of | the corrections for the ammeters and not for the change 
the same length, but 0-2 cm in diameter. Fig. 7 shows | in diameter of the wire. These curves are shown chain- 
the. experimental and theoretical curves for this case. | dotted in Fig. 7. : 

The corrections for the self-inductance of the ammeters The agreement of the theoretical and experimental 
and for the change in diameter of the wire were applied. | curves in Figs. 6 and 7 was considered sufficient to 
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-~ justify the continuation of the experiments, using thin | equal horizontal arms. The results for this are given 
wire instead of a cage in the horizontal parts, so long | in Figs. 9 and 10. The height was 11 m and the total 


as the necessary correction was made. horizontal portion was 6 m for Fig. 9and 12 m for Fig. 10. 
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Fig. 8 shows the curves for an inverted “ L” antenna | The correction for the effect of the “ T” is obtained in 
having a horizontal portion 6 m long and a vertical one | Appendix 1 from equations (22), (24) and (26), where 
of 11 m. n = 2, 

The next type of antenna was the “ T” type with The last set of curves represent the effect of placing 
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a conductor near a simple vertical antenna, Toincrease | that the capacity per unit length of the antenna would 


any possible effect the conductor was tuned by means 
of a coil and a condenser. The results shown in Fig. 11 
are for a conductor of length equal to that of the antenna. 
It will be seen that, allowing for experimental error, 
and even when the conductor was as near as 1 m to the 
antenna, the effect on the current asta puton was 
negligibly small. 

This test was repeated with the conductor Hatta 
and with the conductor connected to the earth screen. 
The conductor was made half the size of the antenna 
and the tests were repeated. The antenna was then 
made into an inverted “ L.” All the results showed 
that the effect of a neighbouring conductor on the 
current distribution is negligibly small. It may be 
noted in passing that this does not necessarily mean 
that the effective height of the antenna is unaffected 
by neighbouring conductors, although it is unlikely to 
be appreciably affected unless the conductor is very 
close to the antenna and tuned to the frequency at 
which it is excited. 

In all the curves shown the agreement is good, 
except near the.ends of the antenna and especially near 
the earth end. This effect dies away very quickly and 
is almost non-existent at 1 m from the counterpoise. 
If the current of the antenna were measured at the 
lowest point, for the purpose of finding its effective 
height, the latter would not be found to agree with the 
theoretical figure. If, however, the current were 
measured at a height of 1 m, say, above the counter- 
poise, a good agreement could be expected. It is to be 
noted that in the experiments the end-effect has been 
greatly exaggerated, compared with that which is likely 
to occur -in practice. This will be seen from Fig. 1, 
which shows how close the lower end of the antenna 
was to the counterpoise. 

From qualitative considerations one would expect 
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Fic. 11.—Experimental curves illustrating effects of neigh- 
bouring (tuned) wires on current distribution. 

the centre. That is to say, the rate of change of current 

with height at points near the top, and more so near 
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the bottom, would be greater than that at the same 
points on the theoretical curves. On examining the 
theoretical curves of Figs. 5 to 11 it will be seen that this 
has generally been observed. In a few cases, however, 
especially for the higher frequencies, the difference is 
small and the experimental error has, it is believed, 
concealed the proper end-effect. These cases are few, 
however, and the error is small. | 


(3) THEORETICAL INVESTIGATION. 


The following analysis applies only to simple vertical 
antennze, but the method is readily applicable to antennz 


Image 
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of any ordinary shape. The underlying assumption 
made is that the current can be considered as con- 
centrated at the centre of the antenna wire, instead of 


The potential V at P due to this charge is given by 


ofa} sin (wt — kz) dz z da sin (wt — kz)dz 
=], ona EH 
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where k = w/c and c is the velocity of light. 
Similarly the vector potential A at P due to the 
current is given by 
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Now, if R is the resistance per unit length at the point P, 
we have 


i 1 dA dV 
e a a . . . (6) 
dv 

That is Jog, + WA — joRity} = 0. o. (7) 


By means of equations (2) to (5), equation (7) becomes 


M+jN=0.... . (8) 
where 


M= (P — | $sin pu + O{ Cp +10 0— y) — Cilp + By + Cilp — C= y) — Cilp — by 
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Je p cos (pô) sin (ky) p cos p(l + 
V/ (y? +r’) V(b — y)? + 


along its surface. A justification for this assumption is 
given in Appendix 2. 

The origin will be taken at the top of the antenna, of 
which the length and radius are l and r respectively. 
Consider the electric intensity at a point P, Fig. 12, due 
to a.current and a charge at the point Q, where OQ = 2, 
OP=y and PQ=z. Let the current distribution 
along the antenna be given by 


(e) = I sin p (x + 8) sin wt . . > (2 


where w = 27 X frequency. 
Then the charge ¢{x} at Q per unit length is given by 
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+ Rwsinp(y+ 8). . . . . . . (10)* 


For practical cases R is negligibly small. 

In order to solve the problem completely we should 
calculate values of M and N for various values of p 
and multiply them by factors so that the sum of the 
results made M and N zero for all values of y. This is 
excessively laborious, but by inspection it is possible to 
find likely values for p. Thus it will be seen that the 
coefficient of (p* — k?) is large compared with the 
other terms for both M and N. We can therefore state 
that the most important value of p is k. If we neglect 


* In these equations functions are used which are seldom met. These are: 
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Dale's “ Five-figure Tables of Mathematical Functions.” 


Tables of these are to be found in 
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the other terms, this would give, for the current distri- 


bution along the antenna, the expression 


2 
40 sin (5) i 


which is identical with the assumed current distribution 
for the simple theory as given in equation (1). 

To obtain an idea of the magnitude of the correction 
to be applied to the simple sinusoidal theory, the case 
of the antenna used in the experiments has been con- 
sidered theoretically for a wave-length of 300 m. The 
relation between M and y for the current distribution 
of the simple theory is shown by curve A of Fig. 13. 
This curve is obtained by putting p = k in equation (9). 
It is not to be expected that a simple equation can 
represent the current distribution over the whole length 
of the antenna, but if we neglect the end-effects we 
-may find a fair approximation over the central portion 
of the antenna. We shall, therefore, consider only the 
portion between the lines X and Z in Fig. 13. From 
inspection of curve A it would appear that, as a first 
approximation, a: more accurate current distribution 
could be obtained by superposing on the current distri- 
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bution of the simple theory another current distribution 
covering one complete period of a sine wave in the 
length of the antenna. The total current distribution 
would then be 

I sin (kæ) + I’sin (==) 


(12) 


The relation between M and y for the second term 
of this expression is shown by curve B. The problem 
that now arises is to find the best ratio of TJI’. That 
is, if we multiply the ordinates of curve A by I and 
those of B by I’ and add the two curves obtained, the 
resultant curve should follow the zero axis as closely as 
possible. A method of doing this would be to divide the 
curves by equidistant ordinates and find for each case 
the value of the ratio of IJI’ which makes the resultant 
ordinate zero. The mean of these ratios should give a 
fair approximation to the best value of IJI’. To save 
labour the value of I/I’, which made the area of the 
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resultant curve between X and Y zero, was found; the 
same was done for the area between Y and Z and the 
mean of the two values of IJTI’ thus obtained was taken. 
The ratio was found to be 210. 

This gives a very rough approximation but is of 
value in indicating the order of the deviation to be 
expected from the simple theory of the current distri- 
bution. 

The value of N is about 4 per cent of that of M, so 
that its effect on the current distribution can be neglected. 
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To a first approximation, then, the distribution of the 
current along the antenna at a wave-length of 300 m is 


A PAH l1 . 2r 
{sin (san) + zro (==) } 


where x is measured in metres. 

The theoretical current distribution calculated from 
expression (13) is shown by the dotted curve in Fig. 14, 
where it is compared with the curve obtained experi- 
mentally (full curve). The chain-dotted curve shows 
the current distribution given by the simple sinusoidal 
theory, i.e. J sin (27rx)/300. 

This investigation was carried out as part of the 
programme of the Radio Research Board and is com- 
municated by permission of the Department of Scientific 
and Industrial Research. 

The author wishes to thank Mr. B. J. Byrne, of the 
National Physical Laboratory, for the accuracy with 
which he took many of the measurements. 
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APPENDIX 1. 


SIMPLE THEORY FOR THE CURRENT DISTRIBUTION OF 
ANTENNA, 


On the simple theory, the antenna is treated as a 
transmission line with uniformly distributed constants 
and negligible resistance. 

Let v be the potential and 7 the current at a point 
distant x from the top end of the antenna. If L and C 
are the effective self-inductance and capacity per unit 
length respectively, the electrical equations are 


— dvjdx = jLwi . (14) 
and — difdx = jewv (15) 
where w = 277 X frequency and j = y — 1. 
The solution of these equations is 
v= A cos B(x + y) (16) 
i = SF sin Ble + y). (17) 


where B = y (LCw*) and A and y are the constants of 
integration. 

Now, an electrical disturbance in a wire is propagated 
at very nearly the same speed as it is in vacuo, so that 
for a wave-length À 

p= 2rJàÀ (18) 


Suppose that at a distance lọ from the top end of the 
antenna there is a self-inductance Lo having no effective 
capacity, and that the rest of the antenna is made of 


wire having capacity and self-inductance of C’ and | 


L’ respectively per unit length. The potential and 
current distribution on this will be given by 


v = A’ cos Ble+ y) . . . 
„_ AR 
t= Ta sin Be +y) . (20) 
The boundary conditions are when x = Ip 
v — v =jLowi andi =ù 
From this we obtain, putting 8’ = B = 2nd, 
L cot l + y) — L’ cot lo + y) = zo . (21) 
When Lo = 0 this becomes 
tan Elo + y) = E tan E (ly + A 
EA a ae 
| C 
and, when L = I’, 
cot So + y) — cot (a + y) = qe . (23) 


A discontinuous change in the constants of an antenna | 
such as a change of radius [equation (22)] or a lumped 


self-inductance at one point [equation (23)], produces 
an effect on the current distribution as though there 
were concentrated at the point of discontinuity a portion 
of the antenna of length (y’ — y); but, since the current 
before the discontinuity is equal to.that after the dis- 
continuity, the current curve after the discontinuity 
must be altered in the necessary ratio to produce no 
sudden change in the value of the current. 


19 
(19) | sidered to be a rough approximation. Fortunately, | 
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It is difficult to calculate exactly the values for C, 
C’ and L. When the wave-length is large compared 
with the dimensions of the antenna, the formule for 
the capacity of an antenna obtained by G. W. O. Howe * 
agree very accurately with experiment. These formule 
are obtained by assuming that the charge lies along the 
central axis of the wire and calculating the average 
potential produced on the wire by a linear distribution 
of this current. It can be shown that the potential of 
a point on the wire is mainly dependent on the charge 
(engendered by the variation of the current along the 
antenna) in its immediate neighbourhood, and for that 


portion of the charge the radius of the wire is an all- 


important factor. For the charge at even a small 
distance from the point considered, the value of the 
radius has practically no effect. It will be, therefore, a 
close approximation to calculate the values of C and 
C’ independently of each other. Thus, these values can 
be found on the assumption that the whole antenna has 
the same section for the whole of its length, calculating 
the total capacity and dividing by the length. 

The value of (y’ — y), though sometimes appreciable, 
is usually small, so that the ratio of C/O’ need not be 
known accurately. Instead of using the relatively 
complex formule of G. W. O. Howe, the following 
simple formula can be used :— 


C’ _ log (lfr) 

C log (ifr) © 
where r, r’ are the radii of the two portions of the 
antenna respectively and l is the total length, including 
the image of the antenna in the earth. 


When the antenna is excited at a frequency greater 
than its fundamental, equation (24) can only be con- 


(24) 


the value of C“/C does not vary rapidly with the value 


| of the length of the antenna and, moreover, owing to 
| the time which a disturbance takes to move from one 


portion of the antenna to another, the potential at a 
point on the antenna due to the charge in a positive 
loop of current will add to that due to a negative loop 
on the same side of the point, so that, to a rough 


| approximation, we may assume that the value of 


C*/[C is given by equation (24) for all conditions. 

With the same reasoning, the value for the self- 
inductance per unit length, from Rosa’s formule for 
straight conductors, is given by 


L=2 ES (=) = 1 | x 10-8 . 


(25) 


| where L, the self-inductance per cm, is measured in 


microhenrys. This formula may be more convenient 
than the capacity formula and may be used, since in all 
cases the product LC is constant. 

In the case of an antenna having n equal horizontal 
branches so far distant that they do not appreciably 
react on each other, we can write . 

C=nCpy9 and L= Lojn : (26) 
where Cy and Lp are the capacity and self-inductance 

* G, W. O. Howe: “ Capacity of Radio-telegraphic Antenn»,”” Electrician, 
1914, vol. 18, pp. 829, 859 and 906, 


: “Self and Mutual Inductances of Linear Conductors,” 
Bulletin of the Bureau of Standards, 1907, vol. 4, p. 301. 
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In the 


respectively per unit length of each branch. 
case of a “T” antenna, n = 2. 

The theory can readily be applied to almost any type 
of antenna, such as those in which the horizontal 


branches are unequal, by applying suitable boundary | 


conditions similar to those that led to equation (21). 


APPENDIX 2. 


JUSTIFICATION OF ASSUMPTION MADE IN THEORETICAL 
INVESTIGATION. 


The fundamental assumption of the above analysis is 
that the vector and scalar potentials at any point ona 
wire due to a current or charge respectively in that 
wire are the same as though the current or charge were 
concentrated along the axis of the wire. Actually, at 
high frequencies both the charge and the current are 
concentrated on the surface of the wire. 


To justify this assumption, let us consider a special | 


case of a cylinder of radius a and length / carrying a 
uniformly distributed charge o per unit area of surface. 
The potential at the circumference of one end of the 
cylinder will be compared when calculated on the 
assumption that the charge lies wholly on the surface 
and when.-it lies wholly along the axis of the cylinder. 
Consider the element AB of the cylinder and the 
potential due to the charge on it at the point P, having 


Fie. 15. 


co-ordinates (a, f) with respect to the axes OX and OY 


(Fig. 15). Let the charge at the element of surface at 
R be 2acdé. 
Now PR = r2cos? 0 + r2sin?0 . . . (27) 


where AP = r,, BP = r,, and / ROP = 20. 
Hence, the potential V, at P due to the whole disc 
AB is given by 


ee 


in which F(k) is the here elliptic function of the 
second kind to the modulus k, where k* = (r? — 12) fr2, 


Also the potential Vp at P, if the charge is concentrated 
at the centre O, is given by 


V, = 


so =p (k) (28) 


277rao 


r 


(29) 


For the special case, when P coincides with the 


point C, we must put ĝ = a and, in order to find the 


effect of the whole cylinder, integrate with respect 
to a between the limits of 0 and l. We therefore have 


| 
| 
> 
3 
= 


(30) 


coso 
= sao | Paw se s ew (81) 
0 


where (k^)? = 1 — X and $ = /CFD, so that 
_tand=2 fl . . . . . (32) 
By expanding F'(k) we obtain, when k is small, 


41 


Vp = 2maa( 0- -333 — loga k — ye pt) -, (33) 


in which k = sin d. 
When k is nearly unity, a more convenient expansion 
gives 


Vp = £ | 108. (5) y + J 
oz 


+ ¿ag de bn o - 55 | g o} (34) 


in which k’ = cos ¢. 
When the charge is concentrated along the axis, we 
have | 


l 
V, = neoa == 2rag arc sinh t . (35) 
á r a 


The values of Vp and Vp have been calculated from 
equations (32) to (34) and are given in the following 
table. 


lja Volar Ypac Vol Vo 
0 0 0 — 
0-1 -1-08 0-627 1-7 
0:3 - 2-52 1-85 1-4 
0:5 3-72 3°02 1-2 
1 6-10 - 6-53 1-1 
2 9-12 9-07 1-00 
5 14°3 14-5 0:98 
10 18-4 18.7 0:98 
100 32°9 33°3 0-99 


It will be seen from this table that, unless the length 
of the conductor is less than half its radius, the error 
caused by assuming the charge to be concentrated along 
the axis instead of on the surface produces an error of 
only 1 or 2 per cent. 
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DISTORTION. IN IRREGULARLY LOADED LINES.* 
By A. G. WARREN, M.Sc., Member. 


(Paper first received 23rd November, 1927, and in final form 23rd January, 1928.) 


SUMMARY. 


An expression is obtained for that part of the distortion 
introduced by line irregularity; a similar disturbance is 
caused in the variation of the sending-end impedance with 
frequency. The nature of the distortion is examined, and 
it is shown that the effect of an irregularity is greater the 
nearer it is to the transmitting end; it tends to damp out 
with an increase in the length of the line, and at a repeater 
the line effectively recommences. Distortion due to dif- 
ferential frequency attenuation, however, increases with the 
length of the line; the interposition of repeaters has no 
effect. To reduce distortion due to irregylarity it is essential 
to eliminate as far as possible irregularities near the trans- 
mitting end (including in this term portions of the line 
immediately beyond a repeater). For the transmission of 
music it is desirable to use separate lines and eliminate 
repeaters, or reduce their number to a minimum. 


INTRODUCTION. 


ANALYTICAL SOLUTION OF JRREGULARLY LOADED LINE. 


Until recent years a telephone line could be considered 
to be efficient if it would transmit frequencies between 
500 and 1'500 cycles per second (a range of 1-6 octaves) 
without much distortion. With the advent. of broad- 
casting the demand has arisen for lines which shall 
transmit with reasonable efficiency over a range of 7 to 
8 octaves (40 to 5000 or 10000 cycles per second). 
The change of degree is so considerable that the prac- 
tical aspect of the problem is altogether changed. 
Constructed lines (as distinct from theoretical lines) are 
never distortionless. Yet the distortion is easily ren- 
dered negligible over the limited speech range; difficul- 
ties that occur with low frequencies and with high 
frequencies are eliminated by the simple process of 
filtering them out. With music, the difficulties have to 
be solved, not eliminated. This is one of the problems 
which await more exact practical solutions. 

Distortion arises in a lump-loaded line owing to:— 

(a) Differential frequency attenuation which cul- 
minates in a definite cut-off. The general characteristics 
of this phenomenon are fairly well known; the attenuation 
increases with the frequency to a definite maximum in the 
lower part of the transmissible range, and then falls to a 
minimum at a fairly high frequency, whence it grows 
with increasing rapidity (cut-off). 

(b) Irregularity of loading. The distortion thus 
caused is particularly objectionable if its magnitude 
becomes considerable, since it does not lend itself readily 
to correction upon reception. 

* The Pa Committee invite written communications (with ‘a view to 

ublication in the Journal if approved by the Committee) on papers published 
n the Journal without being read at a meeting. Communications should reach 


the Secretary of the Institution not later than one month after publication of 
the vaper to which they relate. 


(c) Incorrect characteristics of terminal impedance 
rendering the line reflective as a whole.* 

In the present paper the author proposes to consider 
only distortion arising through irregularity of loading. 
The question is important from the point of view of 
determining the accuracy of loading which is necessary 
to produce a certain standard of transmission, and its 
solution does suggest a method of achieving the required 
result at a minimum expenditure. We find that a 
blind attempt to equalize all the coils used in loading 
a line is wasted refinement, and that it is more economical 
to concentrate extra care on those parts of the line 
where irregularity is productive of the greatest distortion. 

The effects of irregular loading have already been felt 
over the range of speech frequencies and, in consequence, 
difficulties have arisen in balancing the line whén repeat- 
ing is necessary. With that problem in view the 
question has been examined by several workers.{ Certain 
standards of uniformity of loading coils and spacing are 
demanded. For example, for Post Office lines the loading 
coils are required to be within +2 per cent of the average 
and spacing must not vary more than 10 yards.$ In 
Germany the variation of spacing and inductance must 
not exceed 2 per cent.|| Over speech frequencies the 
distortion introduced directly by irregular loading may 
not be so serious as that which is introduced indirecily 
through the practical impossibility of balancing the 
irregular line. 

The problem is here considered, bearing in mind the 
much-extended range of frequencies which must be 
transmissible in music to be broadcast. At the high 
frequencies the distortion directly due: to irregular 
loading may assume serious dimensions, and a line 
which is reasonable for speech may be very poor for 
music.: With the horn type of loud-speaker and the 
earlier types of coil-driven loud-speakers, which had 
practically no high-frequency response, the high-fre- 
quency distortion of the line was of little moment. 
But the recent improvements in reception have greatly 
accentuated . the differences between local broadcast 
and the average simultaneous broadcast. At fre- 
quencies lower than those necessary for effective articula- 
tion the line transmits with undue prominence, and 
balancing is theoretically more difficult than for speech 
frequencies and higher frequencies (assuming the line 

* A lump-loaded line is, strictly speaking, always reflective within its sections. 
It may, however, be treated as non-reflective as a whole if the complex ratio 
between the currents in successive sections can be expressed as a single expo- 
nential term. A 
5: aa COHEN, A. J. ALDRIDGE and W. West: Journal I.E.E., 1926, vol. 64, 


t See, for instance, A. Ròse : Journal I.E.E., 1927, vol. 65, p. 989 ; also 
K. W. Wacner and K. KUrrmULLER: Archiv für Elektrotechnik, 1921, vol. 9, 


. 461. 
p $ C. Rosson and R. M. Cuamney : Institution of Post Office Electrical 
- Engineers, Paper No. 99. S 


ii K. W. WAGNER and K. KUPPMULLER, loc, cit. 
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to be regular). The consideration of this problem is 
deferred to a separate paper.* 

The case we shall consider is that of a line loaded 
with a number of slightly unequal coils spaced at equal 
distances. The result we shall obtain is of such general 
form that it is clearly applicable to other forms of 
irregularity. Fig. 1 shows the line diagrammatically. 
The direction of transmission is from E, to Ey. The line 
is supposed to be closed on the right by. an impedance Zo 
equal to the calculated initial sending-end impedance 
of a perfectly regular line, constructed with loading coils 
of impedance Z’ equal to the average impedance of the 
actual loading coils, and spaced a distance J apart, the 
propagation constant of this ideal line being K. 


Ea lar Enda Enaln- wenn Ente Lh Eolo 


n+l n 2-1 3 2 I 


Fic. l. 


We shall suppose small variations in the actual coils 
such that the initial sending-end impedances of suc- 
cessive (complete) sections of the line, instead of being 
Zy are 


for the section 1, Z, = Z)(1 + k) 
ee a ee E e: or SUR) 
for the section n, Z, = Zy(1 + hy) 
on 
where Dh=0....... (2) 
1 


` If we consider the section n, it is closed to the right 
by an impedance Z,, which differs slightly from both 


Z, and Z,. We shall introduce another small argu- 
ment k defined by the relation 
ZrnlZn= Uti, (3) 


The complex attenuations of the separate (complete) 
sections are defined by their propagation constants 
Ky, K, etc. 

We have 


Ey, = En—{cosh Kyl — (Zp/Z,) sinh Kyl} 


=! 4 
In = In— {cosh Kyl — (Z,/Z,) sinh K,} iS 


and 


Putting cosh K, 1 and sinh K,/ in exponential form and 
using equation (3) we obtain 


E, = Epe Enl + Phy(1 — 24m}. . (5) 
and In = Inyo EMI — Bl (1 — En)... (6) 
To the first order of smail quantities 
3h, (1 — e2En) = $kp(l — e8) . . . (7) 
Also we have, from (1), 


pea 


Ka = K(1 + hn) 


_.™ See page 633. 


- (8) 


Using these relations we obtain from equation (5) 
En = En EU(1 — Khyl){1 + Jn (1 — 2%) . (9) 
and dividing (5) by (6) 
Zn+y = Znf1 + kn(1 — e2?£)} . 
Extending equation (9) we obtain 
E, =E y ye E:(1— Klhy) {1 + YH ( (1—e2X!) 
En-1En i “re Kih 9D + Bin a E. 


(10) 


(11) 
A #11 _ Kit, {1+ Hel (1— e250) 
E, = Eye- £1 —Kth,){1 + HH, (1—e? £4} 
or 

E, =Epe-"E4] — Kha hn—ythn—t + + > 


x (1 att 5 . 


Extending equation (10) we obtain 
Zo 


+he+hy)} 
Pate | (12) 


=Z,0 +ky(1—e2E)) =Z (1 + (1 —e2K!)) 
ZA +l (1— ene Z(+ (katk) (1—e2£)} 


NI a Ni 


Z,=2, ¿(LH _ Ie) 
=Z (1 + (kn -¡FHino+ + + + +h tk) (1—e2X))) (13) 
Also we have from equation (1) Z, = Zp(1 + hy). 
Dividing (1) by (13) we obtain 
= l] + kn 


= 1 + hp — (ln, + kn- + - 
or 


hg egy kee O ae. 
= hn + (Kin—y aa ling +. a ky + ker Ht (15) 


Extending this equation we obtain 
lint lin mat lin at ++» they thy 
rt n Php (ky—gtky—~3t eo 


=hy th, eK! + py, eK! 
+ (Kn—s + kn—4 + ne e 


Su N 


. + hy) (1 — e?K!) (14) 


thy +h,)etBt (16) 


+ Iey-+Ity)e8X? (17) 
and finally 
Kin, + Kn—1 + Kn=2 + kn- + +++ + ko + ky 
= hy + hp-je? El + hp yet El 
+ hp-s El +... + hen- DK (18) 
Using this relation and also equation (2), equation (12) 
becomes 


— p2Kl 
E, = arii + (= a ) 


(hn + n- ¡e2Xl Pawa here) | . (19) 
Were the line perfectly regular we should have 
En = Eye” El 


(20) 
The expression 


1 —e2K 1 1Kl 
= *) (lin tin 02 + hy y, 


may therefore represent that part of the distortion caused 
by irregularity of the line. re 
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The changes in the initial sending-end impedance of 
the line produced by irregularities are similarly readily 
determined. The sending-end impedance of the line is 


Zn+1ı Which, from (13), is 


Zn+1=Z (14 (kn+kn-1+kn-t > > +k) (1—e?E)} (21) 
or from (17) | 


Zn+1 = Zll + (1 — e2£l) 
(hn + Tin 2El + hy yo tE + wee + hye?n— DE,)} (22) 


The change in the initial sending-end impedance of 
the line is of the same nature as the change in the voltage 
ratio, except that the disturbance is twice as great in 
the former case. Hence variations of the measured 
initial sending-end impedance afford an excellent 
practical means of determining the frequency distortion 
introduced by line irregularity. 


NATURE OF THE DISTURBANCE PRODUCED BY 
IRREGULARITY. 


Let us now examine the expression 


1—e2kl | i 
( 21 ) Ontin-1 E+ y ge 8, A + hye(n—1) EM) 


In the case of a line with no losses the change of phase 
per section at cut-off is 7; it is approximately the same 


¡yoradians pe» 
D CC 0 rco 
7 po 


23 22 
Fic. 2. 


when losses occur. Over the transmissible range the 
expression ,e?K! therefore represents a vector which 
rotates through an angle 27. Its magnitude is rather 
less than unity, but never very much less, except near 
cut-off. | 

The numerical figures given below refer to a 20-lb. 
line loaded at intervals of 1 mile with coils of inductance 


-0-1H and resistance 5 ohms. The constants are 


R=88 ohms, L= 0:001 H, O =0-064 x 10-°F, 
L’ = 0:1 H, R’ = 5 ohms. 
The expression — e?X! has been plotted for this case 


in Fig. 2, in which cut-off occurs at w = 25 000 approx. 
Frequencies in kiloradians are marked on the figure. 
Thus at any point P on the curve (in the case shown 
where w = 5 300) OP represents the vector — e?4!, 
The vector O,P therefore represents 1 — e?X!, It is 
seen that the numerical value of this expression grows 
from zero to a maximum of nearly 2 (actually 1-93), 
whence it falls again to a fairly small value as cut-off is 
approached. It is clear, therefore, on this account that 
the disturbance caused by irregularity is small at low 
frequencies, attaining a maximum value in the upper 
range of transmissible frequencies. (This result, as far 
as the initial sending-end impedance is concerned, is well 
known.)* The rest of the expression consists of a number 


Fic. 3. 


of terms each expressing the distortion caused by the 
individual irregularities. We may consider one par- 
ticular term, viz. h,—,e?"%!, The coefficient haz_, may 
be real, imaginary, or complex. Let us consider it to 
be real. No great difference occurs if it is otherwise. 
e?rKl is a vector which rotates through an angle 2rr 
bétween zero frequency and cut-off. Its numerical 
value over the greater part of the range does not vary 
greatly, and is clearly equal to e?Pr if Kl = P + JQ. 


For the case where r = 3 it may be represented (not to 
scale) by Fig. 3. 

If now we multiply any particular vector O,P, of Fig. 3 
by 40,P of Fig. 2 and by h,_, we obtain the graph of the 


expression 
H1 — eK) hy perk 


obviously also a vector which rotates through an angle 
2r7r between zero frequency and cut-off. This graph 
is shown (not to scale) in Fig. 4. Here OgP3 represents 


* See, for instance, B. S. Conen, A. J. ALDRIDGE and W. Wesr, loc. cib., 
p. 1041 ; also C. RoBINSON and R. M. CHAMNEY, loc. cit., Paper No. 76. 
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the quantity ¿(1 — e2El)p, -,e2rEl for a particular 
frequency. Denote it by v. We are now in a position 
to examine the nature of the disturbance produced by an 
irregularity in the section (n — r). Were this irregu- 


O, 
OR =% (1-e? 42) far e Roy 
OW =1+V 

Fig. 5. 


larity (and others) not present we should have from 
equation (20) 


Let E, stand for this ideal value of Ey, then we have 


n-rEy = Boll + v). (23) 
where n—rEo stands for E when there is an irregularity 
in the section (n — r) with negligible irregularities 
elsewhere. 


1+V 


® 
Fic. 6. 


- l +v is a vector O,P3, where O, is unit distance to 
the left of Og (Fig. 5). Now, since the irregularity is 
assumed small, it is clear that we may assume that 
O,Ps is equal to unity plus the real part of OgPs and, 
as w changes, 1 + y varies. somewhat as indicated in 
Fig. 6. There are r complete waves over the trans- 
Missible range. The magnitude of the distortion thus 
caused is clearly dependent upon the value of r. If we 
consider, say, that h is 5 per cent and that the maximum 
value of 4(1 — e?%!) is 0-96, then, for the line considered, 
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Fic. 7.—Distortion caused by 5 per cent irregularity in 
64th section of a 70-section line. 


we have over most of the range e?4! approximately 
equal to 0-93. Thus the maximum variation, ex- 
pressed by 1+y, is 1 4 0-05 x 0:96 x 0-93". If 
r = 5, 1 + v varies by 3-34 per cent each way, whilst 
if r = 25, 1+ v varies by 0:84 per cent each way. 
That is to say, the effect of any irregularity is less the 


further it is from the transmitting end of the line. As 
this line could be used for 70 sections without repeating, 
it is clear that every endeavour should be made to 
remove irregularities near the transmitting end; those 
more distant are of comparatively little importance. If 
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Fic. 8.—Distortion caused by 5 per cent irregularity in 
‘64th section of a 70-section line. 


the line is required for use in both directions (in many 
broadcast lines good transmission is essential in one 
direction only), both ends must be carefully freed from 
irregularities; the centre of the line does not require such 
accurate treatment. 

In Fig. 7 is shown the variation caused by an irregu- 
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Fic. 9.—Distortion caused by 5 per cent irregularity in 
44th section of a 70-section line. 
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larity of 5 per cent in the 64th section of a 70-section 
line (r = 5), plotted to a linear scale of frequency. In 
Fig. 8 the same variation is plotted to the more rational 
logarithmic scale of frequency. It is seen that, although 
this line transmits less than 7 octaves within the musical 
range, no distortion exceeding $ per cent is caused by 
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Fic. 10.—Distortion caused by 5 per cent irregularity in 
44th section of a 70-section line. 


2 


Percentage 
distortion 
© 


this variation in the lower 4 octaves. For the upper 
3 octaves the distortion increases considerably. 

Figs. 9 and 10 are similar curves for an irregularity 
of the same magnitude in the 44th section (r = 25). The 
maximum distortion caused is only about one-quarter 
of that caused by an irregularity in the 64th section. 
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As is indicated by equation (19), these figures show 
that a variation caused by an irregularity is attenuated 
more, the further the irregularity is from the transmitting 
“end of the line. 


EFFECT OF REPEATING THE LINE. 


Consider a line in which the transmitting potential 
is Ey, which attenuates to Ep at the repeater. Assume 
perfect repeating and let the amplified voltage be 


En = kE which attenuates to Eb at the next repeater. 
Let this be amplified to E, = kEo, and soon. Then we 
have, from equation (19), 


— p2Kl 
Ey=Ener*t{1—(- > ) 
(hn +hy— e7=!+hy,_ get Ely re +h emo) } 


2Kl 
peer : nKl ES 
Ey=E,e {1 —) 
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whence 
rr ]-= g2Kl 
Es = Pola = (==) 
0 n 2 
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Distortion arises from two causes: (a) variation of 
attenuation with frequency, and (b) irregularity of 
loading. As shown by equation (25), the former in- 
creases steadily as the length of the line is increased; 
repeating has no effect upon it. In this respect the line 
behaves as a whole and not as an assemblage of separate 
units. The case is, however, different when we consider 
the second cause of distortion. We have seen that in a 
line which is not repeatered, distortion due to irregu- 
larity tends to damp out with increased length of line. 
But equation (25) shows that, if the line is repeatered, 
each length of line between repeaters acts as a separate 
unit. For instance, if we consider a line in which there 
are 70 sections between repeaters, an irregularity in the 
5th section from the transmitting end may cause serious 
distortion, whereas the same irregularity in the 35th 


section is of comparatively little importance. The same 
is true of the 5th and 35th sections in any subsequent 
length of line after a repeater. The damping-out action 
of removal of the irregularity away from the transmitting 
end does not, as it were, carry past a repeater. At the 
repeater the line recommences as far as distortion caused 
by irregularity is concerned, although distortion caused 
by differential frequency attenuation is unaffected. 


CONCLUSION. 


The results obtained above suggest definite methods 
of treatment of the line if distortion due to irregularity 
is to be reduced to a minimum. It has already been 
suggested that, over the range of frequencies employed 
in speech, efficient transmission is readily obtainable. 
Conditions are more exacting over the more extended 
range of musical frequencies. In the first place the 
cut-off must be raised by reducing the distance between 
loading coils. Secondly the variation of attenuation 
with frequency, or its effects, must be reduced. Finally, 
distortion due to irregularity of loading must be elimi- 
nated as far as possible. The analytical work given 
here shows that, as far as distortion due to irregular 
loading is concerned, it is essential to reduce to a mini- 
mum irregularities near the transmitting end of the line 
(including in this term portions of the line immediately 
beyond a repeater). Irregularities distant from a 
transmitting end cause variations which are largely 
damped out and hence are less important. For this 
reason we see also that if disturbances caused by neigh- 
bouring lines can be reduced it 1s desirable to reduce 
the number of repeaters to a minimum, amplifying 
the more attenuated transmission upon reception. In 
this way advantage is taken of the extra attenuation of 
variations due to irregularity. It may be that lines 
for the transmission of broadcast programmes can be 
run separately from other lines and the necessity for 
repeating eliminated. This is of course assuming that 
lines designed for broadcast transmission can be em- 
ployed. Unfortunately, at the present time lines 
designed for telephony have to be used, and even these 
cannot be allocated permanently for broadcasting. 
Under these circumstances it is not surprising, in view 
of the extending frequency-range reproducible by loud- 


speakers, that the deficiencies of transmission are becom-. 


ing increasingly apparent. Rather is it a matter for 
surprise that broadcasting engineers are able to give 
reproduction of distant performances at the present 
standard. l 
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LINE BALANCES AND TERMINAL IMPEDANCES. * 
, By A. G. WARREN, M.Sc., Member. 


(Paper first received 23rd November, 1927, and in final form 23rd January, 1928.) 


SUMMARY. 

A method is given of determining an impedance which shall 
balance a line over a wide range of frequencies (rendered 
necessary by the use of lines for the transmission of music). 
No difficulty is found in balancing the line almost exactly. 
In cases where line balancing is not essential, the possibility 
of counteracting the distortion caused by differential fre- 
quency attenuation, by deliberately making the line reflec- 
tive,-is considered. It is shown that the complete accom- 
plishment of this is not a practical possibility, but that the 
transmissible range of the line can be extended by about 
one octave for the same limit of distortion. 


INTRODUCTION. 


Distortionless transmission is achieved when the 
received signal (speech or music) is an exact replica to 
scale of the emitted signal. The general conditions 
necessary to secure this ideal are often stated ł to be 
(a) all important frequencies shall be transmitted with 
equal attenuation, and (b) the phase relationships 
between the various frequencies shall be maintained. 
It would appear that the second condition, as stated, 
is of little importance. The ear does not seem to be 
able to appreciate the phase relationship existing 
between the various notes heard at the same time. 
Possibly the specified condition, as stated, arises from 
a misconception. What is of importance is that all 
frequencies shall, in a long line, be transmitted with 
sufficiently equal speeds. If this condition is fulfilled 
exactly, then the phase relationships are maintained, 
but it is readily seen that great changes in phase dis- 
placement may take place with but an unimportant 
difference of speed between high and low notes. This 
may be illustrated by a particular cable, treated in 
some detail later. At w = 250 the phase-change Q 
per mile is 0-03119, and at w = 64000, Q = 5-146. 
The velocity is 

v=uwuQ ..... (1) 


whence U9 = 8 020 miles per second and %g4 gg) = 12 440 
miles persecond. ‘The times of travel for a line 500 miles 
long are Tos = 0:0633 sec. and Tea 000 = 0:0402 sec.; 
or the low note arrives 0-0231 sec. later than the high 
one. It is doubtful whether this interval of time is 
perceptible; the line would certainly have to be consider- 
ably longer for the interval to become of any importance. 
But the phase displacement is so great as to be almost 


* The Papers Committee invite written communications (with a view to 
publication in the Journal if approved by the Committee) on papers published 
in the Journal without being read at a meeting. Communications should reach 
the Secretary of the Institution not later than one month after publication of 
the paper to which they relate. 

t See, for example, Sir WILLIam Nose: ‘ The 
System of the United Kingdom,” Journal [.E.E., 1921, vol. 59, p. 397. 
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meaningless. Suppose a node of the high note to be 
coincident with a node of the low note at emission. 
On reception we have to contemplate not merely a reces- 
sion of the low note with respect to the high one of part 
of a high-frequency wave, but of (0-0231 x 64 000) + 27, 
i.e. 235 whole waves. In short, the relative phase is 
changing by a whole wave (high frequency) in every 
2-13 miles of line. 

The only line which can exactly fulfil either, or both, 
of the conditions (a) and (b) is a non-reflective one for 
which R/L = G/C. The initial sending-end impedance 
of this line is y/(R/G), a pure resistance the magnitude 
of which is independent of the frequency. The line 
must be closed at the receiving end by a resistance of 
this value, to render it non-reflective. It is thus seen 
that, from a theoretical standpoint, no difficulty occurs 
in obtaining a truly distortionless line. But the adjust- 
ment of the constants of the line to fulfil the condition 
R/L = G/C involves a large increase in attenuation and, 
so far, has not been considered to be a practical expe- 
dient. In view of the ease of amplification by ther- 
mionic valves, the position may be reconsidered in the 
future for lines in which really good transmission over 
extended frequency-ranges is essential, e.g. lines trans- 
mitting music to be broadcast. For narrow frequency- 
ranges, such as those involved in good transmission of 
speech, there is no difficulty in constructing a line 
which is nearly distortionless and which has an attenua- 
tion considerably less than the truly distortionless line. 
The difficulties multiply when we have to deal with 
very low notes, such as the pedal notes of an organ. 

One purpose of the present paper is to examine the 
influence of terminal impedances upon the quality of 
transmission. The following considerations arise:— 


(1) The initial sending-end impedance of any but 
the ideal distortionless line varies with the frequency. 
(2) It is obviously theoretically impossible to 
construct a circuit consisting of lumped impedances 
which shall exactly simulate either a uniform line or a 
loaded line at all frequencies, unless that Hne fulfils 
Heaviside’s condition. That, however, is of no 
practical importance for, as is shown later, balances 
can be constructed to simulate the line with such 
accuracy that the theoretical impossibility of con- 
_structing them would never be guessed from the 
actual results which can be achieved. That is to say, 
from all practical points of view the line can be 
rendered non-reflective. | 
(3) Exactly distortionless working is only obtain- 
able if R/L = G/C and the line is closed with an 
impedance equal to the initial sending-end impedance 
41 
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of the line. It has to be considered whether, if the 
former condition is not fulfilled, it is desirable to 
fulfil the latter as closely as possible, or whether it 
is possible to counteract to some extent the distortion 
introduced by deviation from the first condition by 
adjustment of the value of the impedance at the 
receiving end, that is, deliberately making the line 
reflective. Of course this can only be attempted when 
the line is unrepeatered or when repeaters are used 
for which non-reflection is not essential. 

(4) Unless the line is very long the time of trans- 
mission of all frequencies is so short that differences 
in times of transmission can have little influence upon 
distinctness of articulation or musical quality. For 
lines of moderate length, therefore, uniformity of 
time of travel may be sacrified if other advantages 
can be obtained in exchange. 

(5) Present-day repeaters do not give uniform 
amplification over the frequency range. The prin- 
ciples employed may be suitably modified to take 
into account the distortion introduced by the repeater. 

(6) The conditions of musical broadcast differ from 
speech transmission in that one-way working (for 
extended periods at least) is all that is required. 
Repeater balances are therefore not essential [see 
(3) above}. 


PRACTICAL LOADED LINE. 


The case which will be considered is that of a 20-1b, 
line loaded with an inductance of 0:1 H, of resistance 
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Fic. 1.—Attenuation of 70-section line, eP, 


5 ohms, per mile. The coil will be imagined divided 
into small units spaced a very short distance apart, so 


that the line may be considered to be essentially uniform. - 


The constants for such a line will be assumed to be 
L = 0:101 H, C = 0-064 x 10-°F, Q = 0, R = 93 ohms. 
Such a line could be used without repeating for a 
distance of at least 70 miles, so that e?0P, where P 
is the attenuation constant, gives the amplitude of the 
received signal in terms of that emitted, if the line is 
closed with an impedance equal to its initial sending- 
end impedance. The values of e?0P are plotted in 
Fig. 1. It is seen that the line as it stands would, 
with a filter, transmit speech excellently, but for music 
a frequency correction is necessary. 

The initial sending-end impedance of this line is given 
in Table 1. Tabulated with it is the impedance of a 


circuit consisting of a resistance of 1 260 ohms placed 
in series with a condenser of 1-736 pF. It is seen that 
this simple arrangement matches the line over the speech 


TABLE 1. 


1 260 ohms in series 
with 1-736 uF 


250 1949-5 — 1490-67 | 1260 — 2 3045 
500 1 562-9 — 929-8 j | 1260 — 1 1595 

1 000 1 364-4 — 532-57 | 1260 — 5767 
2 000 1 287-5 — 282-157 | 1260 — 288) 
4 000 1 264-4 — 143-657 | 1260— 144j 
8 000 1258-4— 72-299 | 1260— 2j 
16 000 1256-9— 36-157 | 1260 — 367 
32 000 1256-3— 18-07 | 1260 —. 18 
64 000 1256-2— 9-047 | 1260— 9 


range almost exactly, but deviates considerably from it 
over the lower part of the musical scale. 


CONSTRUCTION OF AN IMPEDANCE OF GIVEN VARIATION. 


The general problem of constructing an impedance 
which shall have a given variation with frequency may, 
or may not, have a practical solution. For the range 
of speech frequencies many arrangements have been 
suggested which will approximate to a line more closely 
than the simple series resistance and condenser suggested 
above. For instance, the circuit of Fig. 3 is particularly 
applicable over this range. This circuit has been 
examined by Pocock,* who has given a method of 
graphical determination. As is shown later, such a 
circuit is not sufficiently accurate when balancing over 
more extended frequency-ranges is required. Other 
methods of obtaining close approximations over speech- 
ranges are given by Hoyt.t His method of attack is 
generally to use an impedance, such as a series resistance 
and condenser, which roughly balances the line, and 
then to effect the necessary refinement by resistance 
shunting. The method is interesting in that, although 
it is only applied to speech frequencies, it is capable, 
theoretically, of extension to wide frequency-ranges. 
Such extended circuits do not, however, lend themselves 
readily to computation. A more complicated circuit 
applicable over only a narrow frequency-range is given 
by Robinson and Chamney ł and by Cohen, Aldridge 
and West.§ Its distinguishing feature is the inclusion 
of a resonant unit and it is therefore inapplicable over 
wide ranges. As it is so limited it is difficult to see what 
purpose is served by its complication. When matching 
over more extended frequency-ranges is required, an 
attempt at solution may be made in the following way. 
Suppose we have an impedance made up of n units, 
each of which has a resistance and reactance which are 
functions of the frequency. There must be at least 
2n variables, for the determination of which 2n inde- 
pendent equations are required. These 2n equations 


è Philosophical Magazine, 1927, vol. 4, p. 837. 

t Bell System Technical ournal, 1923, vol. 2, p. 1. 

1 Institution of Post Office Electrical Engineers, Paper No. 99. 
$ Journal I.E.E., 1926, vol. 64, p. 1041. 
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may be obtained from the resistance and reactance, 
at n frequencies, of the impedance which it is desired 
to simulate. From an analytical point of view there 
is no difficulty (except complexity) in solving such a 
Series of equations, and there is no practical difficulty 
over a limited frequency-range, but over wide ranges 
the complication becomes great. Convenient units to 
be employed are represented in Fig. 2. More compli- 
cated types are to be avoided, since it is essential that 
resonances should not occur if the impedances are to 
cover wide frequency-ranges. Each of the units illus- 
trated has a continuous variation of both resistance and 
reactance with frequency, and each involves two vari- 
ables. The limitation of the units to simple types of 
not more than two kinds assists in computation, since 
the derived equations are also similarly limited. A 
pair of such units (either similar or dissimilar) connected 
in series can give us an impedance which is the same 
as that of any given impedance at two frequencies. If 
the constructed impedance were required to match 
the given impedance at seven different frequencies, 


C Ri 
C, R, ds Re 
R Cz Cs 
R 
R, Rs 
(a) (5) 
Fic. 2. Fic. 3. Fic. 4. 


seven such units would have to be employed. Fourteen 
simultaneous equations would be obtained and their 
solution would be almost impossible because of the 
enormous amount of calculation involved. But the 
difficulty does not end there. Certain resistances, 
inductances and capacities may require to be nega- 
tive* and the solution is not practical. We are then 
thrown back upon a practical adjustment of impedances 
which shall simulate the given impedance as closely as 
possible. That having been accomplished, the reduction 
of distortion by filters may be considered. 


APPROXIMATION TO THE INITIAL SENDING-END 
IMPEDANCE OF THE LINE. 


Examining the values given in Table 1 we see that 
at the higher frequencies the initial sending-end impe- 
dance approximates to a constant resistance in series 
with a condenser. This simple arrangement, however, 
gives at low frequencies too low a resistance and too 
high a reactance. If we consider the condenser split 
into two components in series, one of which is shunted 
by a resistance, the circuit so formed may be made to 
approximate more closely to the initial sending-end 
impedance (Fig. 3). Examining this circuit it is seen 

* A negative inductance is not a capacity, since the numerical value of the 


of an inductance increases with uency, whereas the num 
value of the reactance of a condenser decreases with frequency. 
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that at very low frequencies R, is small compared with 
the reactance of C,. Hence we have in effect resist- 
ances R, and R, in series with a condenser of capacity C,. 
At very high frequencies the impedance of C, is small 
compared with R,, and the effective resistance is R}. 
The effective capacity is C,C,/ (Ci + Co). For the circuit 
of Fig. 3 we have, generally, 


= ——1 — +R... . (2 
1+ wc?” (2) 
wa a e E a a 


Ci 1+ wO?R? Ca 

If we arrange for the impedance to be Z, at high 
frequencies, and also at a given low frequency—say at 
w = 500—we find R, = 872 ohms, C} = 3-11 pF. 
According to the low frequency for which we arrange 
equality, different values are obtained for R] and (C,. 
These are given in Table 2. 


TABLE 2. 
wo 1080, Ry | Ri C1 
ohms uF 
250 3:37 1185 2-85 
500 2-71 872 3-11 
1 000 2-39 733 3°28 
2 000 2:30 698 3-30 


It is seen that a really close agreement between 
Zo and such a simple circuit as that of Fig. 3 cannot 
be obtained. A moderate agreement is obtained by 
making 10%0,R, = 3 and R, =1000. For this case 
the impedance at various frequencies is given in Table 3. 


TABLE 3. 

w Z Zo (for comparison) 
250 1896 — 1458-79 | 1949-5 — 1490-69 
500 1564 — 950:8 y |1562:9— 929-89 
1 000 1356 — 644°7911364-4— 532-5 j 
2 000 1283 — 284-4 9 | 1287-5 282 157 
4000 | 1265:9— 148-94 | 1264-4— 143-657 
8000 | 1256-7— 72-187 | 1258-4— 72-297 
16 000 1 256-4 — 36-117 | 1256-9 — 36-157 
32000 | 1256-1— 18-07 | 1266-3— 18-07% 
64 000 1 256 9-037 | 1 256:2 — 9-047 


CLOSER APPROXIMATION TO Zp. 


Examination of Table 2 shows that the CR value of 
the shunted condenser should increase as the frequency 
decreases. It is easy to show (see Appendix) that if 
for a single shunted condenser two shunted condensers 
in series be substituted, the equivalent OR value does 
increase in the manner desired. We shall attempt a 
closer approximation to Zp) by a circuit of the nature 
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of Fig. 4. The equivalent resistance R and negative 
reactance X are given by 


Ry "Ro 


= ——1_, +— tR . (4) 
1 + WOR? 1+ oR 
8712 p2 271 D2 
wx = 1, A A 
C, 14+ wR? 14 wR Oz Cs 


Substituting the values of Z, at high frequency and 
at two low frequencies, say w = 500 and w = 1 000, 


TABLE 4. 


Zo (for comparison) 


250 | 1949-3— 1 490-4 j 
500 | 1560-8— 928-0 j 


1000 |1364-5— 632-47 | 1364-4 — 532-53 
2 000 1 286-4 — 282-397 | 1287-5 — 282-153 
4 000 1263-9— 143-697 | 1264-4 — 148-657 
8000 | 1258-0— 72-137 | 1258-4 — 72-29) 
16000 | 1256-5— 36-167 | 1256:9— 36-15) 
32000 | 1256-1 — 18-087 | 1256-3— 18-07) 
64 000 1256 — 9-047 | 1256-2 — 9-04) 


we obtain a pair of simultaneous quadratics which can 
be solved easily either graphically or by trial. Ap- 
proximate solutions are:—R, = 1777-8, R, = 313-85, 
1/C, = 252 140, 1/C, = 173 480, 1/0; = 152 380. Sub- 
stituting these figures we obtain for Z the values given 
in Table 4. 

The agreement is very close indeed and any further 
refinement appears unnecessary. 


potential at the transmitting end in terms of the 
received voltage is expressed by 


En = Ey | cosh Kl— sinh zı | (6 


To eliminate distortion, Z would have to be given 
values approaching Z, asymptotically at high frequencies 
such that 


Eq 


= a Se E 
E, constant (7) 


and also such that 
Q = constant X w . . . . (8) 


Calculation shows that it is impossible, with practical 
impedances, to satisfy both these conditions. An 
attempt to satisfy equation (8) calls for terminal impe- 
dances which have a negative resistance component at 
various frequencies. It has, however, been shown earlier 
that, unless the line is exceptionally long, equation (8) 
is of little importance. Some other arbitrary condition 
may therefore be substituted for it. A simple method 


of attacking the problem is to make Z a linear fraction 
of Zp such that equation (7) is satisfied. For the 70-mile 
line considered 

Er 


= 13-344. .. . . (9) 


o€ 


In Table 5 are given calculated values of cosh Ki and 


sinh Kl. Then for various frequencies the ratio ZolZ 
is given for which 


(cosh Kl — 2 sinb Kl) | = 13-344. . (10) 


In the final column are given values of Z obtained by 
dividing Zo by the ratio Z)/Z. 


TABLE 5. 

w cosh Kl sinh K? ZolZ 7 
250 1:5810 — 2 -09487 — 1-4723 + 2-24947 3-989 488:7 — 373-7 j 
500 3-815] + 1 -38547 — 3-6985 — 1:42907 2-342 667:3 — 397-0 J 
1 000 5-3993 — 0-91417 — 5-3086 + 0- 92975 1-453 939-0 — 366-5 J 
2 000 3-2452 — 5:3368 | .— 3:2041 + 5:40523 1-129 1140-4 — 249-99 
4 000 5-1736 + 4:0287; — 5-1135 — 4:07607 1-033 1 223-8 — 139-045 
8 000 2 -9383 + 5-93297 — 2-9052 — 6:00053 1-0084 1248:0 — 71-69 
16000 3-4960 — 5: 65445 — 3:4568 + 5.71857 1:0021 1 254:2 — 36-07) 
32 000 3-3860 + 5:72597 — 3:3482 — 5.79067 1:0005 1 255-5 — 18-067 
64 000 3 1:0001 1 256-1 — 9-039 


«1252 — 5:8703 — 3-0903 + 5-93667 


POSSIBILITY OF REDUCTION OF DISTORTION BY ADJUST- 
MENT OF THE TERMINAL IMPEDANCE (JZ). 


When line balancing is unnecessary the- question 
arises whether the line distortion may be reduced by 
adjustment of the terminal impedance. If the line be 


closed at the receiving end by an impedance Z, the 


ATTEMPT TO DESIGN AN IMPEDANCE Z. 


No difficulty was experienced in designing an impe- 
dance which should simulate Z, closely at all frequencies. 
The simulation of Z is more difficult. The general 
characteristics of Z clearly demand a circuit of the 
form of Fig. 5 (cf. Fig. 4). Following the method 


WARREN: LINE BALANCES AND TERMINAL IMPEDANCES. 


637 


adopted when matching Z,, equations are obtained for 
Ri, Rẹ Rs, Cy, Co and L. Completely real positive 
solutions cannot be found for these equations (the 
changes in Z over the frequency range are too great). 
Nothing more can be done, therefore, than to take trial 
values for the various quantities to obtain an impedance 


approximating to Zas closely as possible. A convenient 


C, Ri 
L R2 SAE he 
Cy 
5H 
Ry 


1256 
2-5 1F 
T # 
Fic. 5. Fic. 6. Fic. 7. 


condition to work to is that, in attempting to reduce 
distortion at the lowest frequency, distortion shall not 
be increased at intermediate frequencies. At these 
intermediate frequencies the resistance component is 
the more important, and the relation between the 
quantities must be such that dR/dw is always positive. 
It is easy to show that this condition reduces to 

RR? x DIO . (11) 
Again, the low values of resistance and impedance at 
the lowest frequencies call for small values of R, and Ry. 
A compromise may be effected by selecting values for 
which : 

R,R3 = LC}. (12) 
Such a circuit is shown in Fig. 6. Values of Z for this 
circuit are given in Table 6. 


TABLE 6. 

w Z 
250 984-5 — 1 196: 77 
- 500 1 197-9 — 540-15 
1 000 1 250-4 — 275-6) 
2 000 1 255-4 — 141-07 
4 000. 1 255-9 — 70-97 
8 000 1 256 — 35-57 
16 000 1256 — 17-83 
32 000 1256 — 8-9 
64 000 1256 — 4-43 


Z is a poor approximation to Z, but it is probably 
better than Zọ A closer approximation to Z can be 
obtained by eliminating the shunted condenser. The 
values of the reactance are somewhat disturbed, but 
they are of less importance than the values of the 


resistance. The impedance of the circuit of Fig. 7 is 
given in Table 7 together with calculated values of ZZ. 


TABLE 7. 

w Z ZolZ 
250 625-0 — 972-0 7 1-9972 + 0-36123 
500 1 002-8 — 296:2 7 1-6856 — 0- 42953 
1 000 1181-4 — 103°2 f 1-1852 — 0°34729 
2 000 1236-2 — 44-87 1-0484 — 0:19007 
4 000 1251:0— 21:43 1-0124 — 0-09757 
8 000 1254-6 — 10-69 1-0033 — 0:04917 
16 000 1255:7— 537 1:0008 — 0-02463 
32 000 1255:9 — 2-65) 1 -0002 — 0-01237 
64 000 1256 — 1:33) 1-0000 — 0-00623 


Substituting these values in equation (6) we obtain 


the ratio Hp/Ho, whence >| 


is determined. In 
Er 
Fo both when the 


Table 8 are given the values of 


TABLE 8. 
Eo | with terminal Eo | with terminal 
E y | impedance Zo Er | impedance Z 
250 0:1883 0-1239 

500 0:1246 0-09184 
1 000 0-09203 0-08328 
2 000 0-08002 0-07762 
4 000 0-07624 0:07577 
8 000 0-07528 0:07526 
16 000 0-07504 0-07496 
32 000 0:07499 0-07495 
64 000 0:07497 0-07495 


terminal impedance is Z and when it is Z. 

Comparing these figures we note that the use of the 
impedance Z instead of Z is to extend the range of 
transmissible frequencies by one octave for a given 
limit of distortion. This may not appear to be a con- 
siderable achievement, but it simplifies the problem of 
frequency correction on reception, 


APPENDIX. 


To show that the equivalent C.R value of two resistance- 
shunted condensers increases with decrease of frequency 
(the CR value being defined as the product of the 
capacity and resistance of a single resistance-shunted 
condenser, which, at a given frequency, has the same 
effective resistance and reactance as the double unit). 
Let the capacity of the condensers be C, and Cp, and 
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their resistances R, and R, respectively. Then the 
effective resistance is : 
R, R, R 


i A i 
1+ WOR § 14 0R 1+ w*0R* 


and the effective reactance is 


1 «*?CiR; 1l Ww203R> 
wC, 1+ w?CTRÍ wC, 1+ w®O3R 
1 w*C2R? 
= — SS 14 
a Tira ` O9 
ORI CR? 
2412 p2 2/12 Dz 
whence CR= 1 + ork, 1 + w Cake (15) 
Ry Rz 
1+ wR? l + w ORE 
If C,R,=C,R,, then CR=C,R, or O,R, . (16) 


Otherwise, 
_ ABRÍ + w*O3R3) + CgES(1 + w®CiRi) 


UR | (17) 
R, + R, + *CÍRIR, + w*CZRER, 
or 
2 2 
on = Cri t+ OR + wiR,Ro(Oy + O2)0102R Fy (19) 


R, + R, + w*R,R,(CiR, + C3R,) 


At low frequencies 
| CR} + OR? 


(OR), = 19 
(OR)y = E (19) 

At high frequencies 
(OR), = (C, + C,)C,C, RR, (20) 


CiR, + C3R, 
The value of CR changes steadily from that shown 


in (19) to that in (20), the sign of the rate of change 
being the same throughout the frequency range. 


Now RiC? — 2R,0,R,C, + R303 > 0. (21) 
therefore 
Ric? — R,C,R,C, + R203 > R¡C,¡RyC) (22) 
therefore 
Ric? + R3C3 > R,C.R,C,(B,C, + RCo) . (23) 


Ro? + R303 + RiC,R,C3 + R,CiRsC, > RiCiR,C, 


+ R,C,R3C3 + R,CiR,C3 + RiC,R3C, . (24) 
or 
(C RÌ + C,Rs)(CiR, + C2R,) 
> 0,C,R,R,(R, + Ro)(C, + Cy) (25) 
Whence we obtain 
(CB) > (CB), (26) 


It therefore follows that the CR value steadily 
decreases as the frequency rises. 


DISCUSSION ON 


“THE PHYSICAL PROPERTIES 


Mr. F. O. Barralet (communicated): The section of 
the paper dealing with the extrusion process is of par- 
ticular interest to me in view of the fact that 1 carried 
out a number of examinations of cases of split lead some 
years ago by somewhat similar methods. In my experi- 
ments with plasticine of various colours in a model press, 
although less elaborate than the interesting wax experi- 
ments of the authors, I came to the same conclusion that 
the structure frequently met with in cable sheaths along 
the so-called weld was associated with unequal rates of 
flow of the lead at different parts of the circumference 
of the sheath during the extrusion process. In the case 
of a weld having little strength it seems probable that 
dirt or oxide may be the primary cause of the weakness, 
but from the examination of a number of random lengths 
of cable sheathing subjected to hydraulic pressure it 
appeared that, although these lengths were of ample 
strength to withstand the usual air pressure tests, those 
of lowest bursting strength fractured along a definite 


_ > Paper by Messrs. P. DUNSHEATE ‘and H. A, TUNSTALL (s2e page 280). 


OF LEAD CABLE-SHEATHS.” * 


line, which on sectioning the sheath was found to be 
associated with the inequality of structure shown in the 
authors’ illustrations in Figs. 28 to 31. From these tests 
it thus appeared that this form of structure was present 
more frequently than was generally suspected and, 
where present, was a source of weakness owing to the 
fact that fracture was likely to occur owing to the localiza- 
tion of stress due to the abrupt change in structure and 
consequent variation in tenacity of the metal along this 
line, in spite of the fact that the junction was metallic. 
The fine-grained zones of metal found in such cases and 


‘clearly shown in the authors’ Figs. 28 and 31 are some- 


what difficult to account for, in view of the well-known 
readiness with which lead anneals at comparatively low 
temperatures, and apart from the statement that they 
are stream lines formed from residual metal I see no 
adequate explanation of their presence in the paper. 
The breakdown of structure in metals subjected to “‘ cold 
work ”?” is of common occurrence, but in the case of 
“hot work,” such as the extrusion process may be 
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considered to be, a compensating annealing would be 
expected to take place, obliterating the appearance of 
crystal breakdown. The fact, however, that this fine- 
grained, almost structureless, zone of metal which occurs 
in these cases has survived the annealing effects of the 
extrusion temperature appeared to me to be rather 
anomalous for lead. Subsequent experiments in which 
some of the specimens 1 have referred to were subjected 
to annealing temperatures alinost up to the melting 
point of lead showed in some cases no crystal growth in 
these zones and in others crystal growth at a few isolated 
points, which indicated an abnormal condition of the 
metal in these zones. The failure for crystal growth to 
occur could only be accounted for by the inclusion of 
oxide between the grains, which, however, did not 
appear to be entirely supported by chemical analysis, 
or by the fact that the metal had been so disintegrated 
by the extrusion process that a comparatively gross 
separation, brought about by severe shearing stresses 
occurring in the mass of the metal due to the unequal 
velocities of the metal at various points in the circum- 
ference of the sheath, had occurred between the disinte- 
grated crystal grains which prevented subsequent crystal 
growth when subjected to annealing temperatures. 
Various attempts to reproduce this fine-grained structure 
which would not show crystal growth on annealing were 
made by forcing lead plugs through a mass of lead, and 
although a very marked crystal breakdown occurred 
along the line of shear the broken-up crystals could 
always be made to grow in the’ normal manner by 
annealing, and it was not until the experiment of rotating 
a rod of lead in a tapered hole in another piece of lead 
until it jammed, thus producing an extremely severe 
shearing effect between the surfaces, that fine-grained 
metal adhering to these surfaces was obtained which 
behaved in the same manner with regard to its refusal 
to show crystal grain growth on annealing. It thus 
appeared that the effects found in the sheath might be 
accounted for by assuming that the shearing forces 
occurring in the extrusion process under some con- 
ditions were sufficient to disintegrate the metal to such 
an extent that it was no longer continuous for the function 
of crystal growth. Such an explanation seems to be 
in accordance with the conclusions of various investi- 
gators who have studied the question of recrystallization 
following deformation. Thus it was shown by Carpenter 
and Elam * that. the rate of recrystallization or of 
crystal growth is not proportional to the amount of 
distortion, but that there is a certain degree of deforma- 
tion for which crystal growth is most rapid for a given 
temperature, and in cases where the primary crystals 
have been extensively broken down the crystal growth 
may be very slow. The possibility of the production 
of fine-grained metal during the extrusion process, even 
with a metal that so readily recrystallizes as lead, seems 
to be possible from these considerations, but at the 
time I carried out my experiments a further explanation 
seemed necessary as to why this fine-grained metal 
should occur in such sharply defined zones, since it 
might be expected that a gradual diminution in crystal 
size would occur corresponding to the stress gradient 
in the metal. As I do not see in the paper an explanation 
* Journal of the Institute of Metals, 1920, vol. 24, p. 83. 


which would account for the zoned appearance, I should 
like to suggest for the authors’ consideration an explana- 
tion based on experiments carried out by Dr. Andrade 
on the flow of metals under constant stress which were 
described in two papers in the Proceedings of the Royal 


Extension #——> 


Fic. A.—Lead at 160°C. 


Society, Section A, in March 1910 and July 1914. 
Andrade found as a result of his investigations that for 
metals subjected to large constant tensile stress the 
length 7 at any time ¢ could be empirically expressed by 
the formula 


l = (l + ptt) 


where J, = the immediate length on loading, 

B = a constant giving a measure of that part of 
the flow whose rate decreases as] time 
increases, and 

k measures the final flow which proceeds vis- 
cously. 


300 kg/cm? 


Fic. B.—The constants f3 and k for lead at different 
temperatures. 


Notr.—The ordinates for the k curve at 160° are given on the lett, at 17° on 
the right, of the axis of k. 


A number of curves for lead showing the elongation at 
various loadings are given in Fig. A, which is taken 
from Andrade's paper. In a further analysis of the 
results Andrade plotted the constants 8 and k against 
stress at various temperatures, as shown in Fig. B, and 
it will be seen that for lead at 160°C. a very sudden 


` 
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increase in the value of 8 occurs with increasing stress. 
These experiments were carried out with the specimens 
in tension, but it seems highly probable that the same 
phenomenon would occur in specimens subjected to 
compression or shearing forces, since it was shown by 
Coe in a paper to the Institute of Metals on September 
1923 * that in certain tests on cylinders of lead and other 
metals in compression, if the difference in dimensions of 
the cylinders for unit increase in load was plotted against 
the load, a sharp discontinuity in the curve occurred, 
which suggests that some internal change is occurring 
analogous to that which led to the sudden inflexion of 
the f£ curve in Andrade’s investigation. In Andrade’s 
paper an explanation was offered as to the physical 
processes represented by the constant in his formula. 
Thus J) was stated to be a measure of the initial slip by the 
crystals most favourably disposed to slip. PB is the 
constant expressing the degree of flow due to further 
slipping of crystal lamellee less favourably disposed to 
slip, which, owing to the formation of hard amorphous 
material between the initially slipping lamella, are now 
called upon to bear the stress. This process continues 
as long as new crystals are being subjected to forces 
sufficient to cause lamellar breakdown. $ is thus a 
measure of crystal breakdown for a particular stress. 
It was shown, however, that B increases to a limit with 
increasing stress, and consequently there must also be 
a limit to the number of elementary crystals which can 
be produced by the break-up of primary crystals. The 
further flow of the metal which takes place is represented 
by the constant k and is viscous in nature and increases 
indefinitely with temperature and stress. Although the 


free use of the hard amorphous material theory in - 


Andrade’s paper does not appear justified in view of 
modern X-ray analysis, it would seem that the facts 
described offer a reasonable explanation of the zoned 
structure met with in the lead cable-sheath. Thus, if 
owing to the conditions arising in the lead press stress 
gradients occur, such extensive breakdown of structure 
could take place of a fairly narrow zone in which the 
critical stress for the B flow occurred that even the 
rapidity with which lead anneals would not be able to 
obliterate the effect. The effect can, perhaps, be 
regarded as roughly analogous to the slip occurring in 
a mass of soil when its angle of repose is exceeded, the 
mass then sliding in the plane of least resistance and 
leaving a trail of debris along the line of slip. In the 
interesting, new type of straight-through lead press 
described by the authors the difficulties arising out of 
unequal rates of flow round the circumference of the 
sheath appear to have been attacked at the root; and, 
given uniform temperature of the lead, there seems to 
be no reason why a sheath should not be extruded 
showing no inequalities of structure, as indeed appears 
to be the case from the examples given in the paper. 
Mr. E. Kaempf (communicated): The most con- 
spicuous property of the lead alloys described in the 
paper is the mechanical resistance to cracking when 
subjected to reversals of stress. This property renders 
them eminently suitable for aerial cables—a purpose for 
which pure lead ends in disaster. Some of these alloys 
have the additional advantage that they afford greater 


* Journal of the Institute of Metals, 1923, vol. 80, p. 309, 


resistance to corrosion from chemical attack than does 
pure lead. The first remarks here to be made relate 
to the development of the alloys now commonly in use. 
After the construction of the first lead-sheathed cables, 
telephone companies in the United States very quickly 
became aware of the shortcomings of pure lead for the 
purpose of sheathing cables. They therefore proceeded 
to study a number of alloys, including lead alloyed with 
different proportions of tin. After extensive tests 
ranging over several years, it was concluded that a lead 
alloy containing 3 per cent of tin would be most suitable. 
Accordingly, this alloy was adopted by them in 1894 
for both aerial and underground cables. In 1907, ` 
however, the rising price of tin encouraged research to 
discover if possible an alloy that should be as satis- 
factory as, but less expensive than, lead-tin. Laboratory 
tests were carried out over a number of years on binary 
and ternary alloys of lead, antimony, tin, copper, nickel, 
and bismuth. From this investigation emerged as the 
most suitable a lead alloy containing 1 per cent of 
antimony. Extended field trials followed, including, 
amongst other tests, the drawing of cables into and 
out of ducts repeatedly. At the completion of these 
field trials in 1913, lead-antimony alloy was adopted 
in place of lead-tin alloy as the standard for all aerial 
and underground cables. It has been in use ever since 
and has proved to be superior in some mechanical 
qualities and to possess the advantage of cheapness. 
So far back as 1923, the Bell System estimated that the 
adoption of antimony had already saved them during 
the nine years 1913-1922 more than £1 000 000. The 
metallurgists of the Bell System have been untiring in 
advancing the knowledge of the behaviour of lead- 
antimony alloys. In addition, therefore, to the pub- 
lications referred to at the end of the paper by Messrs. 
Dunsheath and Tunstall, the following important con- 
tributions by Bell System investigators should be 
mentioned :— 


R. S. Dean, W. E. Hupson and M. F. FOGLER: 
“* The System Lead-Antimony II,” Industrial and 
Engineering Chemistry, 1925, vol. 17, p. 1246. 

R. S. DEAN, LYALL ZICKRICK and F. C. Nix: “ The 
Lead-Antimony System and Hardening of Lead 
Alloys,” Transactions of the American Institute of 
Mining and Metallurgical Engineers, 1926, vol. 73, 

. 505. 

EE SCHUMACHER and F. C. Nix: “ The Solidus Line 
in the Lead-Antimony System” (Pamphlet No. 
1636-E issued by the Institute of Mining and 
Metallurgical Engineers with Mining and Metal- 
lurgy, February 1927). 

J. R. Townsend: “ Fatigue Studies of Telephone 
Cable Sheath Alloys,” Proceedings of the American 
Society for Testing Materials, 1927, vol. 27, p. 153. 


These particular lead-tin and the lead-antimony 
alloys were subsequently adopted by. many telephone 
administrations in Europe for underground and aerial 
cables. In England the lead-tin alloy was used by 
the late National Telephone Co., for sheathing all 
underground and aerial cables. The Post Office 
adopts the lead-antimony alloy for aerial cables. 
Fig. 23 shows that in the authors’. tests the number 
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of vibrations required to crack the lead sheath depends 
greatly upon the stress to which the sheath is subjected 
when vibrating. The order of magnitude of the stresses 
and the amplitudes that occur in actual service are, 
however, not stated by the authors. It is surprising 
to observe from the curves in this Figure that for loads 
of 50 units or fewer (units not stated) the pure lead 
sheath is more resistant to cracking than is the lead alloy 
containing 3 per cent of tin. This conflicts with all 
practical experience; and it suggests that these small 
loads are outside the relevant conditions of service and 
that therefore any conclusions that may be arrived at 
from the results presented for this range are of doubtful 
practical validity. Computation of the stresses that 
occur in service appears to be an extremely difficult 
problem owing to the many intricate conditions for which 
assumptions have to be made. An empirical deter- 
mination will probably be the quickest and most 
trustworthy method. Information on this point is 
very much to be desired. As compared with pure lead, 
the ternary alloys containing cadmium described by the 
authors must be acknowledged to possess advantages. 
As compared with the lead-antimony, however, the 
advantages are less marked and are of little practical 
significance. Judging from laboratory tests, there is one 
cadmium alloy that has a higher fatigue limit than the 
lead-antimony alloy. Practical experience with lead- 
antimony for now 15 years has, however, illustrated 
that this alloy is thoroughly trustworthy and that it 
resists cracking sufficiently in all ordinary circumstances. 
To compete with it successfully, an alloy must be found 
that has at least as good properties and that is less 
expensive. 

Messrs. P. Dunsheath and H. A. Tunstall (in reply): 
We very much appreciate the comments of Mr. Barralet 
and consider his communication to be of considerable 
value. In preparing the paper it was thought inadvis- 
able to lengthen unduly at the expense of other por- 
tions the section dealing with the extrusion process 
and the weld, but we can entirely confirm Mr. Barralet's 
remarks and the results of his experiments concerning 
the impossibility of obtaining crystal growth by annealing 
in the small grain structure at the flow lines of some 
cable sections. In this connection the experiments on 
the rotation of lead plugs in tapering holes in lead are 
of great theoretical and practical interest. It is possible 
that, as suggested, the difficulty of obtaining crystal 
growth in some specimens is partly due to excessive 
working of the metal by the passage of a new charge 
through the old one. Information on this point may be 
obtained by examination of blocks of lead taken from 


the container and die box of the lead press. Under 
certain conditions very sharp lines of demarcation are 
seen between successive charges of lead, and it seems 
likely that there may be some cause—such as the inter- 
esting one suggested by Mr. Barralet—other than the 
presence of oxide which renders the metal somewhat 
abnormal at these junctions. In any attempt at 
arriving at the physical basis of this interesting pheno- 
menon, the work of Prof. Andrade quoted by Mr. 
Barralet seems to be very much to the point. There 
seems no doubt, however, that the difficulty of obtaining 
crystal growth and the zoned appearance is due in part 
to oxide films at the junction between charges, and 
microscopical examination indicates that this oxide is 
distributed around the crystal grains at the flow lines, 
the quantity being, however, insufficient to determine 
by analysis. It is possible by certain means to eliminate 
this film of oxide and produce in the sheathing flow lines 
which, although of somewhat smaller grain size, are of a 
definitely crystalline nature and in which it is impossible 
to detect any intercrystalline oxide film by means of the 
microscope. In addition, with sheathing from the 
ordinary types of lead presses, it is usually possible to 
obtain sections of sheathing from certain portions of a 
charge in which the weld is almost, if not quite, undis- 
cernible, the crystal growth being practically continuous 
and of normal size across the weld. 

Mr. Kaempf’s remarks on the development in America 
of lead-sheathing alloys which are now commonly used 
are of considerable interest and confirm the general 
superiority of the lead-antimony alloy over the lead-tin. 
With regard to Fig. 23, the units of load are pounds 
persquareinch. It is very difficult to estimate the order 
of magnitude of stresses and amplitudes to which a 
cable is actually subjected in service, but we are of the 
opinion that the conditions represented by the lower 
end of the curves for lead and 3 per cent tin are not those 
frequently met with in practice; the practical stresses 
will probably be higher than these values and, conse- 
quently, the superiority of the tin alloy usually found 
is borne out by these results. With regard to a com- 
parison of the ternary alloys containing cadmium with 
the binary lead-antimony alloy, we are in agree- 
ment with Mr. Kaempf’s remarks that the advan- 
tages are less marked than in the comparison of pure 
lead, but we would point out, however, that in addition 
to the obvious advantages of the higher fatigue limit, 
the ternary alloys possess certain advantages in the ease 
with which they may be extruded. We are in- 
debted to Mr. Kaempf for the additional references to 
previous work. 
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REPORT. 


The Council, at the Fifty-sixth Annual General 
Meeting of the Institution of Electrical Engineers, 
present to the members their Report for the year 1927-28, 
covering approximately the period from the lst April, 
1927, to the 31st March, 1928, and, in doing so, desire 
to express their gratification at the progress and 
prosperity of the Institution and also to thank the 
many members—too numerous for mention by name in 
this Report—who by their willing services contribute 
so materially to its success and influence. 


(1) MEMBERSHIP OF THE INSTITUTION. 


The changes in the membership since the Ist April, 
1927, are shown in a table given in Appendix A. 

The following table shows the growth of membership 
for the last 10 years :— 


Year Membership Increase 
1919 7 023 356 
1920 8 146 1 123 
1921 9 449 1 303 
1922 10 275 826 
1923 10 911 636 
1924 11 415 504 
1925 11 743 328 
1926 12 142 399 
1927 12 647 505 
1928 13 043 396 


(2) EXAMINATIONS. 

The Associate Membership Examination was held in 
April and October, 1927, in London, Belfast, Birming- 
Dublin, Glasgow, Hull, Manchester, 
Newcastle-on-Tyne, Plymouth and Southampton, and 
also in the Azores, India, Japan, New Zealand, South 
Africa and on board H.M.S. “ Ramillies.” 

A number of candidates qualified for Associate 
Membership during.the year by the submission of 
written papers and theses which were accepted in lieu 
of the Examination. 


(3) HonoRARY MEMBER. 

The Council have pleasure in recording that, as 
announced at the Ordinary Meeting of the 3rd Novem- 
ber, 1927, they have elected Thomas Alva Edison to be 
an Honorary Member of the Institution. 


(4) FARADAY MEDAL. 
The seventh award of the Faraday Medal has been 
made by the Council to Dr. John Ambrose Fleming, 
F.R.S., Honorary Member of the Institution. 
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(5) Honours AND DISTINCTIONS CONFERRED ON 
MEMBERS. 
Order of Merit. 
Parsons, the Hon. Sir C. A., K.C.B., F.R.S. (Honorary 


Member). 

F.R.S. 

Ferranti, S. Z. de, D.Sc. (Honorary Member). 
Baronetey. _ 

Renwick, Sir H. B. (Associate). 
Knighthood. 

Butters, J. H., C.M.G., M.B.E. (Member). 
0.B.E. 


Lee, Lt.-Col. A. G., M.C., B.Sc. (Member). 


(6) DEATHS. 


The Council regret to have to record the death of the 
following 78 members of the Institution during the 
year :— 

Honorary Member. 
Lorentz, Professor H. 


Members. 
Barton, T. Mountain, W. C. 
Beale, B. R. - Murray, E. T. Ruthven. 


d’ Alton, Lt.-Col. P. W. Nairn, W. | 
Dickinson, H. Rogerson, W. M. 

Dion, A. A. Russell, S. A. 

Dobson, W. Sellon, R. P. 

Edmunds, H. Siemens, A. 

Gay, A. Sissingh, Dr. R. 

Graham, W. J. Smith, Major T. Vincent, 
Gripper, F. E. M.C. 

Gulstad, K. O. A. Standford, Col. W., D.S.O., 
Hardy, W. E. M.V.O. 

Harris, J. W. Taylor, A. Lester. 

Hewett, J. Taylor, James. 

Hooper, J. P. Thurston, G. H. 

Hutchins, T. W. S. Vernier, C. l 

Lloyd, R. M. Wallis-Jones, Capt. R. J. 
Lockwood, T. D. O.B.E., T.D. 


Morris-Airey, H. Woodward, J. H. 


Associate Members. 


Beer, W. E. Penny, G. E. R. 
Buchanan, A. D. Peronne, P. E. 
Cakebread, H. G. Piquet, J 
Child, H. A. Pople, G. E. J 

, Childs, P. J. Rentell, S. 
Griffiths, H. R. Robinson, J. R 
Hartnell, H. Sargent, Lt.-Col. G. H. 
Jones, E. Seaward, W. 
Keyte, C. R. Shuttleworth, M. E. F. 
Malpass, J. B. Silver, L. M. 
Mansel, R. S. Stuart-Fox, J. J.S. 
Mickelwright, W. R. Woods, W. H. 
Myers, G. D. A. Young, W. E. 

Associates. 


Kynoch, J. Patchett, Col. J. 
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Graduates. 
Bennett, H. W. J. Kingdon, T. K. 
Blizard, C. H. Miller, W. E. 
Hockin, P. R. P. Thomas, T. B. 
Keast, N. R. Walker, A. M. 
Students. 
Buckner, H. R. H. Parkins, J. W. 
Green, J. A. Rhodes, J. W. 
Lessell, R. J., Jun. Weir, H. 


(7) UNAUTHORIZED USE OF MEMBERSHIP INITIALS. 


The Council have felt compelled to take steps to stop 
the use by unauthorized persons of initials implying or 
likely to give the impression that they are members of 
the Institution. They took action last December in the 
Court of Chancery against a non-member who described 
himself as ‘‘ A.I.E.E.” The defendant consented to the 
granting of a perpetual injunction restraining him from 
using the initials A.I.E.E. or any other initials or 
designation implying or calculated to lead to the belief 
that he is a member of the Institution or otherwise 
connected with it. He also agreed to pay the costs of 
the action. 


(8) OIL PAINTINGS. 


The Institution has fortunately become the possessor 
of oil portraits of Mr. Li. B. Atkinson, Past-President, 
and of Dr. J. A. Fleming, F.R.S., Honorary Member. 
Mr. Atkinson’s portrait, which was painted by Mr. 
George Harcourt, R.A., was the gift of the Cable 
Makers’ Association, and that of Dr. Fleming was pre- 
sented by himself. The latter portrait is a replica of a 
painting by Sir William Orpen, R.A., the origirial of 
which is in the possession of University College, London. 


(9) MEETINGS. 


During the past twelve months, 350 meetings have 
been held in London and the Local Centres by the 
members, the Council and the various Committees. A 
detailed statement is given in Appendix B. 

The Premiums awarded by the Council for papers 
will be announced about the time of the Annual General 
Meeting. * 


(10) LocaL CENTRES AND SuB-CENTRES. 


The attendances and proceedings at the meetings of 
the Local Centres and Sub-Centres have maintained 
their high standard. 

The President attended functions and meetings at the 
Centres at Birmingham, Cardiff, Dublin, Glasgow, Leeds, 
Liverpool, Manchester and Newcastle, and at the Shef- 
field and Tees-side Sub-Centres. On each occasion he 
addressed the members present and was exceedingly 
gratified to note the activities of these branches of the 
Institution and impressed by their great value in 
extending its influence and prestige. 

The scheme for the formation of local technical 
libraries in the provinces has been extended this year 
and there are now such libraries at Leeds, Glasgow, 
Dublin and Newcastle. 

* See page 666. 
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(11) WIRELESS SECTION. 


The activities of the Wireless Section have been 
most satisfactory. Eight meetings have been held at 
which 12 papers were read. 


(12) INFORMAL MEETINGS. 


Eleven meetings have been held during the session, 
the average attendance being 75 as against 59 last year. 

The Informal Meetings Committee are gratified at the 
marked increase in the attendances at the meetings, 
and again cordially invite members to write to the 
Secretary indicating subjects which they wish to suggest 
for discussion. Offers from members to open discus- 
sions will also be welcomed and carefully considered by 
the Committee. 

These meetings give members, particularly the younger 
members, who may be unable to participate in the 
discussions at Ordinary Meetings, an opportunity of 
stating their views in an informal manner. In order to 
encourage inexperienced speakers, no publication of 
verbatim reports of the proceedings, or correspondence in 
the Press on questions raised or opinions expressed, is 
allowed. A précis of the discussion, carefully edited by 
a member of the Committee, is forwarded to the tech- 
nical Press by the Institution, and is the only report 
that is permitted to appear. 


(13) Joint MEETING BY WIRELESS TELEPHONY. 


Through the medium of transatlantic wireless tele- 
phony a Special Joint Meeting was held on Thursday, 
16th February, 1928, between over 400 members of the 
Institution in London and about 1 000 engineers attend- 
ing the Annual Conference of the American Institute of 
Electrical Engineers which was taking place at the same 
time in New York. On the motion of the President of 
the American Institute, Mr. Archibald Page was 
appointed chairman of the Meeting. Six short addresses 
were delivered alternately from both sides of the 
Atlantic and a joint resolution was proposed and carried. 
The proceedings lasted approximately half an hour, 
and were made audible to each audience by means of 
loud-speaking receivers. The reception was strong and 
very clear both in London and in New York. At the 
conclusion of the Meeting the unanimous view of those 
present was that it had been most successful and 
should be regarded as the forerunner of many more 
to come. 

The Council take this opportunity of cordially thanking 
Colonel T. F. Purves, O.B.E., and Lieut.-Col. A. G. Lee, 
O.B.E., M.C., B.Sc., for the excellent arrangements made 
by them for the Meeting, with the active collabora- 
tion of other officers. of the Engineering Department of 
the Post Office and of the American Telephone and 
Telegraph Co. 


(14) STUDENTS” SECTIONS. 


There are at present 3 419 Students on the Register 
of the Institution, and a very full programme of meet- 
ings, visits to works and social functions has been carried 
out by the eight Students’ Sections at London, Bir- 
mingham, Glasgow, Leeds, Liverpool, Manchester, 
Newcastle and Sheffield. 


Addresses to the London Students’ Section were given 
by the President and Captain J. M. Donaldson, M.C. 

The Summer Meeting of the London Students’ Section 
was held in the Midlands and the North of England, 
the Meeting commencing on the 13th August and 
lasting one week. The party included, in addition to 
London Students, members of the various Students’ 
Sections in the provinces and Scotland. 

The programme included visits to the Barton power 
station; the works of British Insulated Cables, Ltd., 
Prescot; the works of the British Thomson-Houston Co., 
Ltd., Rugby; the Rugby radio station; the works of 
Metropolitan-Vickers Electrical Co., Ltd., Manchester; 
the works of the Ford Motor Co., Manchester; and the 
Cronton Colliery, near Liverpool. 

An all-day trip was also made in the Peak District of 
Derbyshire. 

The Council desire to express their thanks for the 
hospitable welcome extended to the party on the occasion 
of the visits to works, etc., and to the Hon. Secretary 
(Mr. S. H. Hart) and the Committee of the London 
Students’ Section for the excellent arrangements made 
by them. 


(15) FARADAY LECTURE. 


The Faraday Lecture this session was delivered by 
Dr. S. Z. de Ferranti, F.R.S., his subject being ‘‘ Electri- 
city in the Service of Man.” The lecture was given at 
London, Cardiff, Dublin, Dundee, Leeds, Liverpool, 
Manchester, Newcastle-on-Tyne and Sheffield. 

The nine lectures were attended by a total audience 
of approximately 5600, of whom 4000 were non- 
members. The latter figure is a satisfactory indication 
that the lectures are fulfilling their object of bringing 
electricity to the attention of the public. 


(16) SUMMER MEETING. 


The Summer Meeting at the North-Eastern Centre 
which, but for the coal strike, would have been held in 
1926, took place from the 14th to the 17th June, 1927. 
Some 300 members and ladies took part in the Meeting, 
which was most successful. 

The programme included visits to Armstrong College 
Library; Messrs. Sir W. G. Armstrong Whitworth and 
Co.’s Elswick Works; Blackhall Colliery; Messrs. Clarke, 
Chapman and Co.'s Gateshead Works; the Consett Iron 
Co.’s Steel Works and Rolling Mills; Messrs. C. T. Maling 
and Co.’s Ford Potteries; the Newcastle-upon-Tyne 
Electric Supply Co.’s North Tees Power Station; Messrs. 
C. A. Parsons and Co.’s Heaton Works; Messrs. A. 
Reyrolle and Co.’s Hebburn Works; and Messrs. Swan, 
Hunter and Wigham Richardson’s Wallsend Shipyard. 

There were also excursions to Durham Castle and 
Cathedral, Hexham Abbey and the Roman Wall at 
Borcovicus, and receptions by the Lord Mayur of 
Newcastle-upon-Tyne (Councillor A. W. Lambert, M.C.) 
and the Lady Mayoress, and by Sir Theodore and Lady 
Morison, supported by the Council of Armstrong College. 

Generous hospitality was extended to the visitors by 
Messrs. Clarke, Chapman and Co., Ltd.; the Consett 
Iron Co., Ltd.; Horden Collieries, Ltd.; the Lord Mayor 
and Lady Mayoress of Newcastle-upon-Tyne; the 
Newcastle and District Electric Lighting Co., Ltd.;. the 
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Newcastle-upon-Tyne Electric Supply Co., Ltd., and 
Associated Companies; Messrs. C. A. Parsons and Co., 
Ltd.; Messrs. A. Reyrolle and Co., Ltd.; Messrs. Swan, 
Hunter and Wigham Richardson, Ltd.; and the Rt. Rev. 
Bishop Welldon, D.D., Dean of Durham. . 

The thanks of the Institution have been conveyed to 
all those named. 

The Council desire to place on record their high 
appreciation of the work of the Committee of the 
North-Eastern Centre, and particularly of Mr. J. Rosen 
(Chairman) and Mr. P. F. Allan (Hon. Secretary), 
whose work conduced so largely to the success of the 
Meeting. 

(17) REVIEWS OF PROGRESS. 

Continuing the series of reviews of progress in 
electrical engineering which were published in the 
Journal in 1926 and 1927, reviews on the following 
subjects have been or will be published during 1928:— 


Electrical Measuring Instruments other than 
Integrating Meters. 

Electrical Standardization. 

Electricity in Mines. 

Electrochemistry and Electrometallurgy. 

Integrating Electricity Meters. 


Research. 


All the 13 sections into which the subject of electrical 
engineering was originally divided for the purpose of 
the reviews have now been dealt with, and a separate 
review has also been published on Integrating Elec- 
tricity Meters. 

The reviews to be published in 1929 will be on the 
following subjects :— 


Electrical Standardization. 

Power Stations and their Equipment. 
Radio-Telegraphy and Radio-Telephony. 
Research. 

Telegraphy and Telephony. 
Transmission and Distribution. 


The Council will be glad if members will forward to 
the Secretary of the Institution any criticisms which 
they may wish to make on the present reviews, and 
also suggestions as to the ground to be covered by those 
to be published in the future, more especially in regard 
to points of interest which come under their notice and 
on which they consider comment might usefully be made. 


(18) SCHOLARSHIPS. 
The following Scholarships have been awarded by the 
Council :— 
David Hughes Scholarship. 
(Value £50; tenable for one year.) 
K. S. Davies (University College, Cardiff). 


Salomons Scholarships. 
(Value £50 each; tenable for one year.) 


R. J. P. Green (University of Bristol). 
H. F. Innocent (Heriot Watt College, Edinburgh). 


War Thanksgiving Education and Research Fund 
(No. 1). | 
The Council have made grants from the above Fund 
for research purposes, as follows :— 
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£50 each to:— 
A. P. Jarvis (University of Birmingham). 
D. M. Robinson (King’s College, London). . 
M. Waters (Armstrong College, Newcastle-on-Tyne). 
£30 to:— 
L. H. Daniel (East London College, London). 


(19) INTERNATIONAL ELECTROTECHNICAL 
COMMISSION. 

The Council appointed Mr. Ll. B. Atkinson, Colone 
R. E. Crompton, C.B., Dr. W. H. Eccles, F.R.S., Mr.. 
Roger T. Smith and the Secretary as delegates of the 
Institution to attend the meetings of the International 
Electrotechnical Commission which were held in Bellagio, 
Italy, from the 4th to the 22nd September, 1927. The 
meetings were attended by 200 delegates, representing 
19 countries. 

The technical meetings fell under the following head- 
ings: Nomenclature; Rating of Electrical Machinery; 
Symbols; Prime Movers (Hydraulic and Steam); Lamp 
Caps and Sockets; Voltages; Traction Motors; Insulating 
Oils; Regulations for Overhead Lines; Measuring 
Instruments; Rating of Rivers; Radio Valve Caps. 

Definite decisions were reached, and approved at the 
Plenary Meeting, with regard to an international com- 
mercial test-code for hydraulic turbines, and with 
regard to the dimensions and calibrations of sphere-gaps 
for the measurement of high voltages. A number of 
tentative decisions were reached, subject to approval 
under the six months' rule, regarding the rating of 
electrical machinery and the testing of porcelain insu- 
lators, and a number of recommendations regarding 
graphical symbols, steam turbines, the rating of traction 
motors, the rating of rivers and acceptance tests on 
watt-hour meters were referred to the national com- 
mittees for further consideration. Further arrange- 
ments were made regarding tests to be carried out on 
the deterioration of insulating oils, and important recom- 
mendations were made regarding the dimensions of 
radio valve caps. With regard to the latter, new dimen- 
sions for the diameter and spacing of the pins of valve 
caps have been proposed with a view to eliminating the 
existing divergencies. 

Lt.-Col. K. Edgcumbe, R.E. (T.A.), a Vice-President 
of the Institution, was appointed Honorary Secretary 
of the Commission to succeed Sir Richard Glazebrook, 
K.C.B., F.R.S. : 

At the conclusion of the meetings, the majority of the 
delegates, as guests of the Italian Committee, took part 
in a tour which included visits to Milan, Venice, Florence 
and Rome. At Rome the Plenary Meeting was held, 
and the tour was continued through Pisa and Genoa, 
Turin and Bardonecchia. The Council desire to put on 
record an expression of the warmest thanks of the 
Institution for the reception accorded to its delegates 
throughout their visit. 


(20) INTERNATIONAL COMMISSION ON ILLUMINATION. 

The Institution was represented by Lt.-Col. K. 
Edgcumbe, R.E. (T.A.), and Mr. P. Good, O.B.E., at 
the meetings of the above Commission held in Bellagio, 
Italy, from the 3lst August, to the 3rd September, 
1927. There were 69 delegates present, representing 
11 countries. 
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The business of the meeting was limited to a discus- 
sion of questions of organization and policy, and to the 
assembling of the various technical committees, as a 
preliminary of the Plenary Meeting to be held : in 
America in 1928. 

Before the close of the meeting, Mr. C. C. Paterson, 
O.B.E., a past Vice-President of the Institution, was 
elected President of the Commission to succeed Dr. 
E. P. Hyde, of the United States of America. 


(21) Paris INTERNATIONAL CONFERENCE ON LARGE 
E.H.T. SUPPLY SYSTEMS. 

The fourth session of the above Conference took place 
in Paris from the 23rd June to the 2nd July, 1927. The 
number of countries represented was 28, Great Britain 
being represented by 5 delegates appointed by the 
Institution and 22 ordinary members. The delegates 
appointed by the Institution were Mr. W. B. Woodhouse 
(chief delegate), Mr. P. V. Hunter, C.B.E., Mr. C. 
Rodgers, O.B.E., B.Sc., B.Eng., Mr. R. B. Matthews 
and Mr. J. R. Beard, M.Sc. 

The number of papers presented was 77. 


(22) INTERNATIONAL RELATIONS. 

In view of the large number of technical organizations 
and congresses purporting to be international in charac- 
ter, the Council have invited representatives from 
Associations in the British electrical industry to form 
a Committee to draft conditions which should be com- 
plied with in general by an international technical organ- 
ization desiring the official support of the Institution. 
Conditions for this purpose are in preparation by the 
Committee, who will report to the Council in due course. 


(23) UNIVERSITY OF TORONTO. 


Dr. F. A. Gaby represented the Institution at the 


celebration of the Centenary of the Founding of the 
University of Toronto, on the 6th, 7th and 8th October, 
1927. 

~ (24) AMERICAN PHILOSOPHICAL SOCIETY, 

The Institution was represented by Mr. Gano Dunn 
at the celebration of the Two Hundredth Anniversary 
of the Founding of the American Philosophical Society, 
which took place at Philadelphia from the 27th to the 
30th April, 1927. 


(25) UNIVERSITY COLLEGE, LONDON. 

In response to an invitation from the Principal and 
other officers of University College, London, the Council 
_ appointed Mr. Roger T. Smith to represent the Institu- 
tion at the Centenary Celebrations of the College on the 
23rd June, 1927. 


(26) ANNUAL CONVERSAZIONE. 

The Annual Conversazione was held at the Natural 
History Museum, South Kensington, on the 7th July, 
1927. The attendance was again very large, over 
1 800 members and guests being present. 


(27) ANNUAL DINNER. 

The Annual Dinner was held at the Hotel Cecil, 
London, on the 9th February, 1928, when 629 members 
and guests were present. 

An account will be published in the Journal. 


(28) ENGINEERS’ REGISTRATION BILL. 

In accordance with a suggestion put forward by the 
Council, a Conference of Engineering Institutions was 
held at the Institution of Civil Engineers to consider 
what action should be taken in connection with the 
above Bill, which was introduced into the House of 
Commons last Session. 

The following Resolution was passed at the Conference 
and was duly communicated to the Home Secretary :— 


“* That this Conference unanimously agrees that 
the Engineers’ Registration Bill now before Parlia- 
ment should be opposed as inimical to the interests 
of Engineering Institutions and of the public; and 
that a copy of this Resolution be forwarded to the 
Home Secretary.” 


The Bill was not proceeded with. 


(29) ARCHITECTS’ REGISTRATION BILL, 1928. 

In connection with the above Bill, which,came up for 
second reading in the House of Commons on the 
2nd March, 1928, the Council made representations to a 
number of Members of Parliament with a view to certain 
amendments being made to the Bill so as to remove the 
likelihood of members of the Institution being affected 
or fettered in any way by its provisions. 

The Bill did not pass its second reading. 


(30) ARCHITECTS’ REGISTRATION BILL, SOUTH AFRICA. 
In May, 1927, the attention of the Council was drawn 
to the fact that in the above Bill, which had passed its 
second reading before the South African Parliament, 
the name of the Institution had not been included in 
the exempting clause of the Bill, as had been previously 
urged by the Council. It was thereupon decided to 
refer the matter to a representative Committee with 
power to act, but no further action became necessary 
in view of the receipt of a letter from the South African 
Parliamentary Agents for the Bill stating that the 
clauses purporting to give architects the exclusive right 
of performing architectural work had been withdrawn, 
and that in view of the withdrawal it had become 
unnecessary to insert the exempting clause dealing with 
other professional Institutions whose members might 
have been affected by the original wording of the Bill. 


(31) Status oF ENGINEER OFFICERS, R.N. 

In January, 1926, as announced in a previous Annual 
Report, a deputation consisting of representatives of 
this Institution and the Institutions of Civil Engineers, 
of Mechanical Engineers and of Naval Architects, sub- 
mitted to the First Lord of the Admiralty a Memorandum 
setting out objections to the changes effected by Fleet 
Order No. 3241, of the 21st November, 1925, which, it 
was considered, detrimentally affects the status of 
Engineer Officers of the Royal Navy. 

The reply from the First Lord, to the effect that in 
the view of the Admiralty there are no real grounds 
for grievance and that experience will convince the 
Engineer Officers of the Navy that there is nothing in 
the Order derogatory to these officers, is not considered 
to be satisfactory by the representatives of the Institu- 
tions, and they are accordingly considering the matter 
further. 
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| (32) LIBRARY. 

During the year, 337 books and pamphlets were pre- 
sented to the Reference Library by members and 
others, and 112 volumes have been purchased. The 
total number of readers for the year was 5 400, of whom 
176 were non-members, as against 4666 and 139 
respectively in 1926-1927. 

During the year, 86 new volumes were added to the 
Lending Library and 2287 books were issued to 982 
borrowers, the corresponding numbers for the previous 
year being 2 401 and 933 respectively. 


(33) GIFTS TO THE INSTITUTION. 


The Council express their cordial thanks to the 
donors of the following gifts to the Institution :— 


Donor. Gift. 


Mr. W. G. P. MacMuldrow Insulator for wireless aerial 
from German S.W. Africa. 

Rev. R. Burges, F.R.G.S., Framed photogravure oí the 
F.I.S.A, “Great Eastern,” signed by 
Captain James Anderson. 


(34) ** SCIENCE ABSTRACTS.” 

The Physics volume of Science Abstracts for 1927 
contained 3238 abstracts, as compared with 2 996 in 
1926. The Electrical Engineering volume contained 
1 985 abstracts, as compared with 1 831. 


(35) NATIONAL CERTIFICATES AND DIPLOMAS IN 
ELECTRICAL ENGINEERING. 

In 1927 the Joint Standing Committee representing 
the Board of Education and the Institution was 
associated with the final examinations of 95 courses at 
colleges and schools approved in connection with the 
above certificates and diplomas. 

The final examinations were held during the summer 
of 1927 and the number of awards was as follows :— 


333 Ordinary Certificates. 
147 Higher Certificates (including 4 Post-Higher 
Certificates). 
4 Ordinary Diplomas. 
1 Higher Diploma. 


(36) REGULATIONS FOR THE ELECTRICAL EQUIPMENT 
Or BUILDINGS. 

A revised edition (Ninth) was issued in May, 1927, 
embodying the amendments which had already been 
issued in the form of leaflets, together with a number 
of other alterations, some of which had become urgent. 
A Sub-Committee is at present engaged in considering 
the question of a further revision with a view to simpli- 
fying, as far as possible, the arrangement of the 
Regulations. 


(37) ELECTRICITY REGULATIONS. 

The Low-Tension Overhead Lines Conference, con- 
sisting of the Electricity in Agriculture and Electricity 
(Supply) Regulations Committees of the Institution, 
and the I.M.E.A. Committee on Low-Tension Overhead 
Lines, prepared a report which, after approval by the 
Council, was submitted to the Electricity Commis- 


sioners. The Commissioners subsequently held a con- 


ference of all interested parties at which the proposals 
of the Low-Tension Overhead Lines Conference were 
taken into consideration, and new Regulations have 
quite recently been issued by the Commissioners in 
which many of the proposals put forward have found 
a place.* | 

A conference has also been held with representatives 
of the Post Office to discuss some of the suggestions 
made in the report. 


(38) BENEVOLENT FUND. 


The Committee of Management of the Benevolent 
Fund of the Institution report that on the 3lst December, 
1927, the Capital Account of the Fund stood at 
£12003 5s. 3d., and the accumulated income at 
£1 744 7s. 1d. The donations and subscriptions to the 
Fund in 1927 amounted to £1 574 3s. 

In the course of 1927, 87 grants were made to 
29 persons, amounting to a total of £1 306 13s. 4d. The 
following table summarizes the operations of the Fund 
during the last 10 years:— 


Totul grants 


ver | E A 
£ £ 
1918 259 230 10 
1919 537 291 12 
1920 821 341 11 
616 
1921 809 (Hughman 525 14 
collection) 
632 
1922 1 768 (Hughman 776 16 
collection) 
1923 637 1 034 21 
1924 1 152 1 323 26 
1925 1 241 1 199 30 
1926 1 484 1 498 32 
1927 1574 1 307 29 


The Council most earnestly desire to bring the Fund 
to the notice of all members of the Institution. 
Donations and promises of annual subscriptions of any 
amount will be gratefully received. 


(39) ANNUAL ACCOUNTS. 


Excess of Income over Expenditure.—Aiter making 
provision for contingencies, there is a balance to the 
good on the Revenue Account for 1927 of £3 675. This 
amount, which has been carried to the credit of the 
General Fund, compares with £3 881 14s. 7d. in 1926. 


Mortgage.— 


£ s. d. 
In the Accounts for 1926 this stood at 11418 2 0 
Amount of repayments during the year 1226 4 2 


The amount now stands at e -. £10191 17 10 


Assets.—Taking the Tothill Street property and the 
investments at cost, and the Institution Building and 
* Sce page 667. 
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lease, the library and furniture, etc., at the values 
standing in the books after writing off depreciation— 


£ s. 4d, 

the Assets amount to .. 161 623 13 11 

. against Liabilities 8221 11 4 

leaving a surplus of .. i 153 402 2 7 
which, in comparison with that of the 

year 1926, viz. 145607 5 8 


£7 794 16 11 


shows an improvement of 


The surplus referred to above of £153 402 2s. 7d. is 
made up as follows :— 


Assets. 
Institution Building and £ i d. £ . d 
Tothill Street Property 92289 3 11 
Less Mortgage .. -- 10191 17 10 
S2097 6 1 
Investments, Cash, etc. 71060 3 7 
Stock of Paper, Libraries 
and Furniture i 8466 4 3 


Less Liabilities. £161 623 13 11 


Trust Fund Income 


Accounts .. 439 19 2 
Sundry Creditors 4 353 13 3 
Repairs Suspense Ac- 

count : 3024 9 0 
Subscriptions received 

in advance .. 403 9 11 


8 221 11 4 


£153 402 2 7 


Investments.—The investments (including re-invest- 
ments) made during the year were as follows :— 


£5 000 North Metropolitan: Power Sta- 


tion 5 per cent Guaranteed Debenture . £ s. d 
Stock (1957), cost . 3 £4988 11 0 
£2000 London, Midland and ‘Scottish 
Railway 5 per cent Redeemable 
Debenture Stock (1952), cost 1982 5 9 
£2 300 East Indian Railway 44 per cent 
Irredeemable Debenture Stock, cost 2 019 13 0 
£2 000 Commonwealth of Australia 5 
per cent Stock (1945-75), cost 2000 4 0 
£2 000 Tynemouth Corporation 5 per 
cent Stock (1947-57), cost 2025 4 0 
£13015 17 9 


(40) THE INSTITUTION AND.BODIES ON WHICH IT IS 
' REPRESENTED. 


Appendix C shows in diagrammatic form the organiza- 
tion of the Institution and the bodies on which it is 
represented. 


APPENDIX A. 
MEMBERSHIP OF THE INSTITUTION, 


The changes i in the membership since Ist April, 1927, 
are shown in the following table :— 


Hon, Assoc, 
Mem, 


Mem, Mem, Grad, Studt. Assoc, Toran 
Totals at 
1 April, 1927 12 1935 4882 1881 3625 312 12 647 
Additions during 
the year :— 
Elected 1 7 117 227 711 3 1 068 
Reinstated .. .. 4 9 5 32 1 51 
Transferred to os 64 265 338 ho wae 667 
Total en | 75 391 570 743 4 1 784 
Sa eS, ——_ 
Deductions during 
the year :— 
Deceased .. 1 35 26 8 6.2. 78 
Resigned .. .. 12 21 15 70 4 122 
Lapsed E 9 50 61 406 5 521 
Transferred 
from Bue. cg cg 62 137 467 1 ` 667 
l 56 159 211 949 12 1 388 
CAFEEN E EEE ee TORPS 
Net Increase s He aan 0 ar -. 396 
Totals at 
1 April, 1928 12 1954 5114 2240 3 419 304 13 043 
SS u => 


APPENDIX B. 
MEETINGS, 


The following is a list of the meetings held during 
the past 12 months :— 


Ordinary Meetings .. 16 
Annual General Meeting 1 
Annual General Meeting 
(Benevolent Fund).. 1 
Special Joint Meeting 
with American I.E.E. 1 


Wireless Section .. 8 
Informal Meetings .. 11 
Council Meetings sae 16 
Local Centres :— 

Irish . 7 


Mersey and N orth 
Wales (Liverpool) 9 
North-Eastern. .. 12 


North Midland ge? Il 
North-Western .. 11 
Scottish ae .. 9 
South Midland sl 
Western ant 
Local Sub-Centres :—- 
Dundee i .. 6 
East Midland .. 9 
Sheffield . 6 
Tees-side ; 7 
Students’ Sections :— 
London i .. OF 
South Midland .. 8 
North Midland .. 10 
Liverpool .. .. 10 


North-Western 36 1l 
North-Eastern acs: 12 


Students’ Sections (contd.) 


Scottish ee .. 9 
Sheffield n .. 6 
Committees :— 


Architects’ Registra- 
tion Bill .. ve 3 

Benevolent Fund (and 
Sub-Committee) .. 9 

Earthing to Water 


Mains sd so d 
Examinations (and 

Sub-Committee) .. 5 
Finance pi .. 9 


General Purposes .. 10 
Informal Meetings .. 5 
International Rela- 


tions is .. 4 
Membership. . 8 
Papers (and Sub- 

Committee) .. 10 
“* Science Abstracts ”” 

(and  “ Physics ” 

Panel)... 8 


Wireless Section (and 
Sub-Committee) .. 12 

Wiring Regulations 
(and Sub-Com- 
mittees) ..- 8 

Other Committees . si - 24 


Total .. = 350 
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THE INSTITUTION OF ELECTRICAL ENGINEERS. 


x | lit aL Tr t-1 | J% 
COUNCIL. iy, p E 3 z Y g 
| | | ! zyja JE Y E B 3 o] 
Es a S 8 244 dd do 2 E a F gh, 
E a = Ue. SNAR- E Sg g g 4 a 3 EE 
$ 3 $ 4 ee? ss 5 S 5 $ g gR 
a 3 = ‘32 < O4 aB Zi Z Zi y YN -7 rs 
v) S e) = —— -_ a eet ees eee TE 4 
2 3% E Ep D 320 y E E aN S y Bc 
¿8 g EE daags 3 SHS yaa E $o 
3 Els S 2 Beg 7 Yn 8 oa 3 y uu 
E E 9 3 3 su B 3 3 uj 
Ó 5 | = > E o a == » 2 | S 2 
eps Ga ICC 38% g. f 
893 ¿Ea 033 EN 8% ENS i 
aS panan na AZM AG 179% § 
COMMITTEES. COMMITTEES. BODIES ON WHICH THE INSTITUTION IS 
(Standing.) (Special.) REPRESENTED: 
Benevolent Fund Earthing to Water Mains Alloys of Iron Research (Royal Society) 
Examinations Electricity (Supply) Regulations Board of Education, Advisory Committee for Educa- 
Finance In ternational Relations _ tion and Training of Apprentices 
General Purposes Model General Conditions Bristol University 
Informal Meetings Patent Law British Cast Iron Research Association 
Library Voltage Standardization British Electrical and Allied Industries Research 
Local Centres Association 
Membership British Electrical Development Association 
Papers British Engineering Standards Association 
Paul Scholarship British National Committee of the Internationa) 


** Science Abstracts ”” 
Ship Electrical Equipment 
- Wireless Section 

Wiring Regulations 


Electrical Measuring Instruments and 
Sensitive Controlling Apparatus 
Electrical Plant and Machinery, in- 


$ cluding Marine Applications 
= | Electricity in Mines 
Š | Electro - Chemistry and Electro- 
S Metallurgy 
~ | Industrial, Agricultural and Domestic 
3 Applications, including Illumination 
= and Tariffs 
3 | Power Stations and their Equipment 
E Telegraphs and Telephones 

Traction 


Transmission and Distribution 


(Continued from foot of col. 3.) 


Standing Joint Committee for National Certificates and Diplomas 
in Electrical Engineering 

Telegraphy, Telephony and Radio Communication Advisory Com- 
mittee, City and Guilds of London Institute 

Union of Lancashire and Cheshire Institutes, Panel 
for Engineering 

Women's Electrical Association 

Women's Engineering Society 


VoL. 66. 


Electrotechnical Commission 

British National Committee, World Power Conference 

British National Illumination Committee of the Inter- 
national Illumination Commission 

Corrosion Research Committee of Institute of Metals 

Electric Vehicle Committee of Great Britain 

Engineering Joint Council 

Gas and Electricity Joint Committee 

Imperial College of Science and Technology, Govern- 
ing Body 

Institution of Civil Engineers, Engine and Boiler Test- 
ing Committee 

International Electrotechnical Commission 

International Scientific Unions 

Leeds Municipal Technical Library Committee 

Loughborough Technical College Advisory Committee 

Low-Tension Overhead Lines Conference 

Mechanical Warfare Board, War Office 

Metalliferous Mining (Cornwall) School, Governing 
Body 

Middlesbrough Technical College, Governing Body 

National Committee for Physics (Royal Society) 

National Committee on Radio Telegraphy (Roya) 
Society) 

National Physical Laboratory, General Board 

National Register of Electrical Installation Con- 
tractors ] 

Professional Classes Aid Council 

Radio Manufacturers’ Association, Committee on 
Battery Eliminators 

Royal Engineer Board 

Royal Sanitary Institute Congress, 1928 

Smoke Abatement League of Great Britain 


(Continued at foot of col. 1.) 
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SALOMONS SCHOLARSHIP TRUST FUND. í 
Br. Gr. 


| £ sd £ s d 
To Amount (as per last Account) ... es ... 2,155 14 IO By Investments (at cost) :— 
| £1,528 58. 1d. New South Wales 5% Stock: 
(1935-55) ... eae ‘ais oe 1,585 I 4 


£500 Cape of Good Hope 34% Stock (1929-49) ` 570 13 6 
£2,155 14 10 £2,155 14 10 
————— ; [aD 


SALOMONS SCHOLARSHIP TRUST FUND (Income). 


Br. o Gr. 
ee ge ee på k sd 
To Amount paid to Scholars in 1927 m awe IO 00 By Balance (as per last Account) .. vies. wae 55 623 
» Balance carried to Balance Sheet *  .. Di 48- 5 8 » Dividends received in 1927 ‘ey ‘sé Us 92 19 5 
£148 5 8 £148 5 8 


DAVID HUGHES SCHOLARSHIP TRUST FUND. | 
Br. | Gr. 
£ s. d. | £ s d 
To Amount (as per last Account)... hes ... 2,000 O O By Investment (at cost) :— 
$2,045 Metropolitan Water Board (Staines 
Reservoirs) 3% Guaranteed Debenture Stock 


(1922 or after)  ... eae edi oe 1,998 15 0 
» Balance carried to Balance Sheet ' B eb iv I 5 0 
£2,000 o o $2,000 O O 


DAVID HUGHES SCHOLARSHIP TRUST FUND (Income). 


Br. ' | Gr. 
£ s d. E s d. 
To Amount paid to Scholars in 1927 ae ed 87 10 O By Balance (as per last Account) _... ‘as vag 41 13 2 
»» Balance carried to Balance Sheet *  ... de 14 18 5 » Dividends received in 1927 aes eg e 60 14 9 
» Interest do. do. ae ssi vo 0 o 6 
£102 8 5 £102 8 5 
LaÓ-— NS 


PAUL SCHOLARSHIP FUND. 


Br. | | i - Gr. 
E £ s. d. | £s d 
To Amount (as per last Account)... dis .. 500 O O By Investment (at cost) :— 
4625 4% Funding Loan (1960-90) -  ... .. 500 0 0 
$500 o o | $500 o o 


PAUL SCHOLARSHIP FUND (Income). 


Br. : . : Gr. 
P $ S. d. i £ S d. 
To Amount paid to Scholarsin 1927 ees R 50 o o By Balance (as per last Account) .. ue a 75 0 0 
» Balance carried to Balancé Sheet *  ..  .. 50 0 0 » Dividends received in 1927 | | - 25 0 0 
£100 o 0 | £100 o 0 
AAA SA HA 


% Included in the total of £439 198. 2d. shown on the Liabilities side of the Balance Sheet. 
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š | WILDE BENEVOLENT TRUST FUND. | 
r. | | Gr. 


| £ 8 d. £ s. d. 
To Amount (as per last Account)... eee .. 2,049 6 7 By Investments (at cost) :— 

$1,308 London and North Eastern Railway 4% 

First Guaranteed Stock... sai . oe 1,744 3 11 
. £100 London County ae Consolidated Stock 

(1929 or after) ... aise 101 8 6 

$250 New South Wales 4% Stock area 251 6 o 

$100 34% War Stock (1925-28) .. ee ae 04 8 8 

£310 10s. 6d. 5% War Stock (al. .. 30611 O 

£381 158. 1d. 4% Funding Loan (1960-90) ... 300 O O 

£200 34% Conversion Stock (1961 or after) ... 151 8 6 

$2,949 6 7 | £2,949 6 7 

AP ————— 


WILDE BENEVOLENT TRUST FUND (Income). 


Br Gr. 
£ 8 d. £ s. d. 
To Grants made in 1927 See EA es e. 190 O O By Balance (as per last Account)  ... ise se. 173 1 I 
„ Balance carried to Balance Sheet S a R 95 10 I » Dividends received in 1927 aes aka . Io 7 $ 
` » Interest do. do. Sas sn Sas 41 4 
£285 10 1 | £285 10 1 


A AAA AAA AS 


WAR THANKSGIVING EDUCATION AND RESEARCH FUND (No. 1). 


Br. Gr. 
É s d. l | £ s d 
To Amount (as per last Account)  ... = .. 11/00 O O By Investment (at cost) :— 
42,000 5% War Stock (1929-47)... a .. 1,700 O O 
$1,700 O o . . $1,700 0 o 


WAR THANKSGIVING EDUCATION AND RESEARCH FUND (No. 1) (Income). 
Dr. | €r. 


£ s d. £s d 

To Grants made in 1927 is se wes 95 0 0 By Balance (as per last Account) ... as + 225 0 O 
, Balance carried to Balance Sheet * doe . 230 0 O » Dividends received in 1927 a ae 2 100 O O 
£325 0 O £325 0 o 


* Included in the total of £439 199. 2d. shown on the Liabilities side of the Balance Sheet. 


ee a 
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A METHOD OF MEASURING THE RATIO AND PHASE ANGLE OF A 
CURRENT TRANSFORMER.* 


By W. I. Pace, M.Sc., Associate Member. 
(Paper first received 21st June, and in final form 6th September, 1937.) 


SUMMARY. 

The method introduced in 1923 by E. Biff is discussed. 
Formule are obtained for ratio and phase angle and for 
the galvanometer current. Biffi’s formula for the ratio of 
current transformation is made more precise by the intro- 
duction of a term which takes account of the effect of the 
condenser current upon the ratio. This correction is neces- 
sary in accurate work. The application of the method to 
comparative tests is dealt with. 


TABLE OF CONTENTS. 


(1) Introduction. 

(2) Diagram of connections. 

(3) Derivation of formule for ratio and phase angle. 

(4) Correction for inductance of primary and secondary 
shunts. 

(5) Galvanometer current and sensitivity. 

(6) Practical notes on the method. 

(7) Formule when phase angle is negative. 

(8) Further formule for galvanometer current. 

(9) Outline of requirements for a testing equipment. 

(10) Application of the method to comparative tests 

on current transformers. 


(1) INTRODUCTION. 


In 1923 a method of testing current transformers 
was described by E. Biff.t Formule were derived and 


Fic. 1. 


illustrated by vector diagrams for the case in which an 
electrodynamometer is used as the detecting instrument. 

In this paper it is assumed that a vibration galvano- 
meter is employed, and formule for ratio, phase angle 
and galvanometer current are obtained by applying 
Maxwell’s, theory of networks. 

Fig. 1 represents part of the vector diagram for a 
current transformer. 


OX = primary current vector ; 

OX’ = reversed primary current vector ; 

OY = secondary current vector. 

The ratio OX/OY is called the ratio of current trans- 
formation, or briefly the “ ratio ” of the transformer. 

* Thesis O in lieu of the Associate. Menbasnip ina o. 


+ E. Birri: L'Eletirotecnica, 1923, vol. 10, p, 508. paper describes a 
method of measuring the phase angles of shunts, 


¢ is called the ‘‘ phase angle ” of the transformer and 
is the angle between the secondary current vector and 
the reversed primary current vector. It is taken as 
being positive in sign when the secondary current 
vector leads the reversed primary current vector. 

In accurate commercial testing the ratio must be 
measured to within 1 part in 1 000 and the phase angle 
to within 0: 05°. 


(2) DIAGRAM OF CONNECTIONS. 


The arrangement of apparatus is shown in Fig. 2, 
where T represents the transformer under test. R, and 
R, are four-terminal non-inductive shunts, and r, and r, 
are non-inductive resistances of the order of 100 to 
400 ohms. C is a variable condenser of 1 or 2 pF, 
and G a vibration galvanometer. 


Fic. 2. 


K represents an impedance, completing the load in 
the secondary circuit of the current transformer. M is 
an ammeter. 

Simplifying assumptions.—Let us assume :— 


(1) That rp Ryp Ra, and r are perfectly non-induc- 
tive and non-capacitative. 

(2) That the link AD and the potential leads of the 
shunts to which it makes connection are of 
negligible impedance. 

(3) That the primary circuit of the current trans- 
former is supplied with current of sine wave- 
form and that the current in the secondary 
circuit is sinusoidal or very nearly so. 

(4) That the voltage-drops across R, and R, are 
approximately equal (and between 0-5 and 
1-0 volt). 


Experimental procedure.—With the apparatus con- 
nected as shown in Fig. 2 the contact point “t” and the 
condenser C are varied until the galvanometer G shows. 
no deflection. Ifa balance cannot at first be obtained, 
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the leads making connection with the secondary ter- 
minals of T should be interchanged. 


Let Ip = current in amperes through the primary 


circuit of T, 
and I sg = Current in amperes through the secondary 
circuit of T. 
w = 2rf, where f = frequency of alternating 
current. 


$ = phase angle of the current transformer. 


Ip/Ig is the ratio of current transformation. | 

a, and a, are the phase angles of R, and R, respec- 
tively. 

When balance has been obtained it can be shown that, 
approximately, 


ip _ Fiy(Ry + 1) (1) 
Ig By (By + ra) (1 + w*r2C?) 
$ = arc tan (wr,C) + aj — ag. - . (2) 


where C is in farads. 
L = 
I, = 


(3) DERIVATION OF FORMUL# FOR RATIO AND PHASE 
ANGLE, 


The loop (Fig. 3) comprising r, and C in parallel 
may be replaced by an equivalent branch (Fig. 4) 


A e 


e Za 
Fic. 3. TIG. 4. 


consisting of a non-inductive resistance Ry and a 
(negative) inductance Ly 
"1 
e °°  * ®) 
— r20 


where Ry = 


and Ly = 


Let us re-draw Pig: 2, using this substitution as 
shown i in Fig. 5. 


4 
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Let the mesh currents be denoted by Ip, Ig, J, and J, 
as shown. 


IpR {Ry + fa +79 + EA + IsRo{r, + jwLo 
{R + + Ry + jw(Ly + L,)} (R, + Ya + 7% + jwLy — {ry + jwL, 2 
IpRifrg + jwL,} + IsRAR, + ro + En + jo(Ly + Lp) 
{R + tg + Ry + jw(Ly + L,)} {R, + Ya + Y + jwL, — {r + jw, 2 


(T+ w%20%) o... (4) 


For loop (1) we have :— 


1,R, — IpR, + Lr; + jwoLyl, — ery — juLglo 


For loop (11) we have :— 
IR, — 1sK, + ma + Lorg + jwLgl, 
— Ir; — july, =0 . (6) 


Now I, the current through the galvanometer, is 
L, — La, for which we shall proceed to obtain an ex- 
pression. 

-Equations (5) and (6) may be re-written thus :— 


IRA + % + Ry + jwLy F jwLg} 
— Lokry + jwLg =IpR, + (7) 


Ilr + jwD,) — TAR) + 72 + 7 + JwL,} = — IsR, (8) 


Solving (7) and (8) simultaneously we obtain :— 


(9) 
. (10) 


When a balance has been obtained, I, = I,, so that 
we may equate the numerators of the above expressions, 
thus obtaining :— 

Ip _ B,(R, + By: + jwLy) 
ia, + En), FojuLy) 
R(Ry + 19) * RR + ra) 
Substituting for Ry and Ly we have :— 


(11) 


(— tan $) = 


A A 
(2 + rar) ao 


therefore tan $ = wr,C approx. . . . (13) 


To obtain the ratio I[p/Is we proceed thus :— 
From (11) we have 

Ip R 

Is R (R + Y 2) 

Therefore the scalar value of Ip/Ig is given by 
Ip _ R, 

Is ER, + ra) 

Substituting for Ry and Ly in (14) we obtain’ 


Ip Ra Y [221 + wer20?) + 2r,R, + r2) 


(R, + Ry +jwLy) . (lla) 


{(2, + Ry)? + wL}. (14) 


= 15 

Is R (Ro + ra) V (1 + wér?Cr) (15) 
For practical purposes (15) may be written thus :— 

Ip Ra(Rı + 7) (16) 


Is B,{(Ry + ra} vil + wro) * 


PHASE ANGLE OF.A:CURRENT TRANSFORMER. 


659 


(4) CoRRECTION FOR INDUCTANCE OF THE PRIMARY 
AND SECONDARY SHUNTS. 


If L, be the self-inductance of the primary shunt and 
a, its phase angle, then a, = arc tan (wL,/R,). 

Similarly let a, be the phase angle of the secondary 
shunt, then a, = arc tan (wL,/R,). 

Referring to Fig. 5, we formerly supposed R, and R} 
to be non-inductive. Let us now take their inductances 
into account and rewrite our mesh equations. For 
simplicity we shall assume the galvanometer branch to 
have zero impedance. This assumption is justifiable 
when we are considering the balance condition, for at 
balance no resultant current flows along the branch 
AB and the formule for the balance conditions in the 
circuits are not disturbed when A and B are joined 
together by a conductor of zero impedance. 

It can readily be seen that since r, is large compared 
with R, then if the effect of inductance in the primary 
shunt is to produce a phase angle a, between the voltage 
across R, and the current in it, the current in R, will 
be practically equal to Ip and practically in phase with 


R 
1, = 1, — I, = Ip ¡(Ra + 


it since the current in the circuit attached to the 
** potential terminals ” of R, is very small. Hence the 
introduction of inductance into the primary shunt, 
producing an advance a, in the phase of the voltage 
across R,, also advances the phase of the current in the 
potential circuit of R, by ay 

We may argue on similar lines as to the effect of the 
phase angle a, of the secondary shunt. 

Consequently, formula (2) for the phase angle of the 
current transformer should be rewritten :— 


$ = arc tan wr,C + a, — a, 


In practice a, is usually negligible, but not so with 
a,, which may amount to about 0-2° at a frequency of 
50 cycles per sec. 

The formula for the ratio Ip/Ig corrected so as to 
take account of the phase angles of the primary and 
secondary shunts can be obtained in the manner already 
employed, but if we confine our attention to the con- 
ditions at balance we may simplify the work by putting 
rg and Lg equal to zero, since at balance no current 
flows through G, and the points A and B (Fig. 4) could 
be joined together without disturbing the balance 
relations. 

It can be shown that 


Ip 2 (Ra + jw Lo) (Ry + Ey + jwLl, + jwLy) 
Is (Ro + Ya + jwL,) (Ry AS jwL,) 


Now R, is usually about 0-1 ohm and its phase 
angle a, is usually negligible, being of the order of 
0-02” at 50 cycles per sec., and R, + jwL, is inappre- 
ciably different from R,. 

. In the case of transformers with heavy primary 
currents the phase angle a, of R, may be considerable, 
amounting to about 0: 20° at 50 cycles per sec. 

Further, since in the term R, + Ry + jwL, + juwLy, 


Tə) — Ish,(R, + Ry + jwLy) 
AR, + 1g + Ry + jw(Ly + Lpy {Ra + 72 + 77 + Joly} — [rg + jwL,}* 


we have that R, and jwL, are small compared with Ry, 
we may rewrite the above equation thus :— 
| Ip _ RR, + Ry +jwLy) 


Ts” (Ry + ra) (Ry + joy) 
Since, however, in a well-constructed low-resistance 


shunt 4/[Ri + (wL,)?] would not differ from R, by 
more than a few parts in 100 000, this formula reduces 
to the simpler forms previously given in (11) and (16), 
since for commercial purposes: we need know Ipf{Ig 
to only 1 part in 1 000. 

Hence we may say that the quantities L, and L, have 
an appreciable effect upon the formula for the “phase 
angle but not upon that for the ratio of current trans- 
formation. 

With properly constructed resistors, the phase angles 
of r, and r, are entirely negligible. 


(5) GALVANOMETER CURRENT AND SENSITIVITY. 


From equations (9) and (10) we can obtain an expres- 
sion for the galvanometer current (J,), for I, = I, — ly. 


(17) 


In this expression ry is the effective resistance and 
Lg the effective inductance of the detector, the values 
considered being the respective values corresponding to 
small deflections of the instrument. 

Thence we can obtain expressions for the sensitivity 
of the apparatus and for the smallest changes in ratio 
and phase angle which can be detected. It has not, 
however, been thought worth while to give these. 
When a vibration galvanometer is used as detector 
the apparatus measures the ratio of the fundamental 
components of primary and secondary current waves 
and the phase angle between the vector representing 
the fundamental component of the secondary current 


- and the vector representing the fundamental component 


of the primary current reversed. With well-designed 
transformers, if the primary current is sinusoidal the 
secondary current is very nearly so. Good insulation 
in all parts of the apparatus is essential. | i 


(6) PRACTICAL NOTES ON THE METHOD. 


In using the apparatus we desire to reduce leakage 
and capacity currents to a minimum and therefore aim 
at keeping R, Ry, rı and r, at as small a potential 


_ above earth as possible. 


Suppose that there is an “earth’’ at the point H 
(see Fig. 6), then if the generator voltage is large the 
voltage to earth of R, R, and the network connected 
thereto may be high, giving rise to relatively large 
leakage and capacity currents. 

An earth in the neighbourhood of the generator is 
often difficult to avoid. We are, of course, considering 


_ leakage paths of fairly high resistance. 


The apparatus in the secondary circuit of the trans- 
former occupies little bench space and can easily be 
well insulated. If in addition to H there is a second 
“ earth ” in the primary circuit it will only be detri- 


- mental if it occurs in the portion PSQ. Were there 
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an “earth” at S the current through the primary 
_ circuit of T and that through R, would differ in magni- 
tude and possibly in phase. It thus appears advan- 
tageous to ensure good insulation, especially in the 
portion PSQ of the primary circuit and throughout the 
whole of the secondary circuit of the current trans- 
former, and to earth thoroughly the current terminal Q 
of R. l 
The calibration of a shielded condenser is usually 
made with the shield connected to one set of plates 
and to earth. Consequently the common terminal of 
shield and plates should be connected to the potential 
terminal B as shown in Fig. 6. In this way the network 
is maintained at only a small potential above earth, 
and the proper set of condenser plates is earthed in the 
normal way. 
To minimize inductive interference the loops marked 
I and II (Fig. 6) in the primary and secondary current 


Generator 


Rheostat 
S ` 


Fic. 6. 


circuits should both be made of very small area by 
twisting together the leads in the respective circuits. 

It should be remembered that although it is con- 
venient to make the voltage-drop across R, approxi- 
mately equal to that across R,, and consequently to 
have r, approximately equal to rg, this arrangement is 
not essential. The formule already derived for ratio, 
phase angle and galvanometer current hold good what- 
ever the ratio of the voltage-drops across R, and R}. 

One advantage of the method is the ease with which 
the approximate result of a test can be ascertained 
whilst the test is proceeding. | 

From (1) we have approximately that IpfIg 
= (Rori) (Rira). Now as R/R, is a constant for the 
_test of any one transformer we have :— 


Hence if r, is fixed for the 50-cycle tests at, say, 


100 ohms, then if r, is, say, 99 ohms this signifies that | 


Ip is 1 per cent greater than its nominal value, for 
nominally IpR, = IgR,. 
Further, ġ = arc tan wr,C, where w = 27f. 
For tests at 50 cycles we have, since tan 1° = 0-01745, 
dis 2m X 50 x 100C (in farads) _ 31 400 
7 0-01745 17450” 
= 2C,, degrees (roughly). 
where Cm is the value of C expressed in microfarads. 


For tests at 25 cycles we should make r, and r, about 
200 ohms. 

A 3-dial condenser totalling 1-11 pF may conve- 
niently be used. 

The method entails very little apparatus, and that 
which is needed is apparatus which is used for general 
bridge work and forms part of the customary equipment 
of a testing laboratory. 

The term 4/(1 + w*r2C?) in the expression for the 


ratio becomes more important as the percentage load 
current decreases, for the phase angle and hence the 
condenser setting become greater as the current falls. 

It is noteworthy that the self-contained reflecting 
type of portable vibration galvanometer made by 
Messrs. H. Tinsley and Co. enables one to measure the 
ratio to 0-1 per cent and the phase angle to about 
0-04°, even at 20 per cent of normal full-load current, 
at 50 cycles per sec., when the potential-drops across 
both primary and secondary shunts are each 0-5 volt 
at full-load current. 


(7) FORMULA FOR RATIO AND PHASE ANGLE WHEN THE 
PHASE ANGLE IS NEGATIVE. 


` Referring to Fig. 2, it will be noticed that when the 
phase angle of the current transformer is negative, 
that is when the secondary-current vector lags behind 
the reversed primary-current vector, then the con- 
denser C must be placed in parallel with ra. 

Let us suppose that 7, is maintained at a fixed value 
and that r, is varied. 

Under these circumstances it can be readily proved 
that the formule for ratio and phase angle take the 
following forms :— 


Phase angle $ = — (arc tan wr,C) + a, — ay 
Ratio 22. Mala t vit + iO 
Is Ry (Re + 72) 


(8) FURTHER FoRMULZ FOR GALVANOMETER CURRENT. 


If the constants of the apparatus are known, J, can 
be worked out by the aid of formula (17). This formula 
is, however, cumbersome, and, as it is rarely necessary 
in practice to work out the sensitivity exactly, the 
following approximations may be conveniently employed. 
For simplicity let us assume that changes of ratio and 
phase angle take place independently. 

(a) Sensitivity to changes of vatto.—Assume that the 
phase angle is zero, and hence that Ly = 0 and Ry =r. 
Let r = r; = r approximately, and suppose that R, and 
R, are small compared with r. 

Assume also that balance has been obtained. | 

Now suppose that Ip changes by dIp (Is being sup- 
posed constant), thus upsetting the balance. 

It can be shown, by simplifying (17), that 


(6Ip)R 
lo = HAT ar 2 
Ilr + 277) + (2wL,)*) 
The corresponding galvanometer deflection can readily 
be worked out if the sensitivity of the instrument is 


known. 
(b) Sensitivity to changes of phase angle.—Assume, as 


approximately. 


e Ma 
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before, that 7, = r, = r approximately and that R, and 
Ry are small compared with r. 
“Assume the ratio error to be zero. 
' Let Ly = — 1720 approximately and assume that 


Ly is small compared with Lọ. (If Ly is not small 
compared with L}, then Ly is negligible. ) 

Suppose that a balance has been obtained, which is 
upset by a change 5¢ in the phase angle. 

It can be shown by simplifying (18) that 


Pls (I PRI) sin dd 
0 ilr + 21g)? + (20L,)?] 


(9) OUTLINE oF REQUIREMENTS FOR A TESTING 
EQUIPMENT. 


Let us suppose that we have to test the range of 
current transformers set forth below, with full-load 
primary currents of from 5 to 5000 amperes. If the 
full-load secondary current is 5 amperes in every case, 
let us employ a fixed shunt of 0-1 ohm for R,. Trans- 
formers having secondary currents up to 10 amperes 
can be dealt with by simply substituting a shunt of 
0-05 ohm for R,. The whole range can be dealt with 
by using only five primary shunts. 


Shunts required :— 

For R,: One shunt of 0-1 ohm to carry 5 amperes. 
(One shunt of 0-05 ohm to carry 10 amperes 
when transformers with secondary currents of 
10 amperes have to be dealt with, which will 
be seldom.) 

For R,: One of each of the following shunts :— 
0-1, 0-025, 0-01, 0-0025, 0-001 ohm. 


Resistance coils for arms r, and r :— 


Arm r, This should consist of the following 
coils :—5, 10, 20, 20, 50, 100, 200, 300 ohms 
respectively. 


This should consist of :— 


2 coils each of 95 ohms. 
10 coils each of 1 ohm. 

5 coils each of 2 ohms. 
10 coils each of 0-1 ohm. 
10 coils each of 0-01 ohm. 


Arm Yo. 


If the coils constituting r} and r, are of the size 
ordinarily fitted in resistance boxes and Wheatstone 
bridges, there will be no danger of overheating. 

Condenser.—A 1-11 uF 3-dial condenser suffices for 
the great majority of tests. Occasionally, but rarely, 
another condenser, which need not be variable, might 
have to be- connected in parallel with it for very large 
phase-angle measurements. A 2-22 uF 3-dial condenser 
would be excellent. For audio-frequency tests a smaller 
condenser is, of course, needed. 

Table 1 outlines arrangements which have been found 
convenient and adequate when used in conjunction with 
a good vibration galvanometer working with a scale 
distance of 1 metre, care having been taken to eliminate 
vibrations arising from mechanical disturbances. The 
Table is illustrative of an arrangement which has been 
found suitable. Anyone setting up an equipment 


should know the constants of the vibration galvano- 
meter which it is proposed to use, calculate the sensi- 
tivity which could be obtained, theoretically, and make 
adequate allowance for slight residual mechanical 
vibration. For shop tests the arrangements in Table 1 
in conjunction with a portable vibration galvanometer 
are adequate and stray vibrations can easily be wiped 
out. When a 4-pole generator is used as the source 
of supply there is not much to fear as regards mechanical 
vibration arising from the machine, because the number 
of revolutions per second is half the number of cycles 
per second in the generated current. 


TABLE 1. 
Turns of 
current rı r2 Ry iaa Fresting 
cable 
amps, obms ohms ohm 
100 100 | 0-1 — — 
10 | 200 100 | 0-1 — 
15 75 100 | 0-1 — — 
20 | 100 100 | 0-1 — — 
25 | 125 100 | 0-025 — — 
30 | 150 100 | 0-025 — — 
40 80 100 | 0-025 — — 
50 | 100 100 | 0-01 — — 
60 | 120 100 | 0-01 — — 
80 | 160 100 | 0-01 — — 
100 | 200 100 | 0-01 — — 
150 | 300 100 | 0-01 — — 
200 | 100 100 | 0-0025 — — 
250 | 125 100 | 0-0025 — — 
300 | 150 100 | 0-0025 — — 
400 80 100 | 0-0025 — — 
500 | 100 100 | 0-001 — — 
600 | 120 100 | 0-001 — — 
800 80 100 | 0-0025 — 2 
1000 | 100 | 100 | 0-001 | Busbar primary| 2 
1200 | 120 100 | 0-0025 | Busbar primary 3 
1500 | 100 100 | 0-001 | Busbar primary 3 
2 000 | 100 100 | 0-001 | Busbar primary 4 
2500 | 100 100 | 0-001 | Busbar primary 5 
3000 | 100 | 100 | 0-001 | Busbar primary 6 
4 000 | 100 100 | 0-001 | Busbar primary 8 
5000 | 100 | 100 | 0-001 | Busbar primary | 10 


When working with current of 25 cycles per sec. a 
neighbouring 50-cycle 4-pole machine running at 25 
revolutions per sec. would be liable to cause trouble, 
but this could be minimized by the use of a suitable 
anti-vibration support. 

For tests at 50 cycles per sec. the above arrangements 
have been found convenient. With regard to tests at 
25 cycles per sec., for any given value of the primary 
current the values of r} and r given in Table 1 would 
generally suffice. 

Since $ = arc tan wr,C, it is occasionally convenient 
to double r, and r, rather than to connect another 
condenser in parallel when the phase angle is large. 
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The specification given permits the values of rı and 7, 
shown in the table to be doubled. 

The risk of inductive interference is less when a 
condenser is used than it is in methods employing 
mutual or self-inductances, and the whole apparatus 
can be accommodated within easy reach of the operator. 
Inductive interference is one of the principal dangers 
to be guarded against in all methods for measuring the 
phase angles of current transformers, and for the sake 
of emphasizing this point Fig. 7 has been drawn, indi- 


$ Generator 


_Rheostat 


Fic. 7. 


cating how interference may be minimized by reducing 
the areas of current-carrying loops and removing them 
sufficiently far from one another. 


(10) APPLICATION OF THE METHOD TO COMPARATIVE 
TESTS ON CURRENT TRANSFORMERS. 


For routine tests in a shop the above absolute method 
is convenient, for the apparatus required is small in 
amount and not of a special nature. Further, it is 
very robust and the standard shunts are more reliable 
and more easily checked than are a set of standard 
transformers which, moreover, have to be measured at 
both 25 and 50 cycles per sec., at 10, 20, 40, 60, 80 
and 100 per cent of full-load current. It cannot be 
objected that a portable vibration galvanometer is too 
delicate for shop use. However, for those already 
possessing standard current transformers the method 


MEASURING RATIO & PHASE ANGLE OF A CURRENT TRANSFORMER. 


outlined below is suitable. A diagram of the apparatus 
is shown in Fig. 8. 

When making a test, the standard transformer 
employed should be rated for the same primary current 
and for the same ratio of transformation as the current 
transformer under test. . - . g 

When the ratio and phase angle of the current trans- 
former under test have been determined in terms of the 
ratio and phase angle of the standard transformer, 
then, by using the known data for the latter, the true 
values of ratio and phase angle of the transformer 
under test can be found. 

In Fig. 8, S represents the standard current trans- 
former and X the one under test. The primary windings 
of these transformers are connected in series and supplied 
with alternating current of the desired frequency from 
some suitable source represented by J in the figure. 


Fic. 8. 


R, and R, are shunts having the same vame; say 0-1 
or 0-2 ohi. 

Let Iy and Ig be the currents in the secondary 
circuits of X and S respectively. 

When a balance has been obtained we have 


Ix e. Rs(Rx + 12) 
Is Ry(Rs +75) 
tan 6 = wr,C0 


approximately 


and 


where 6 is the difference between the phase angles o! 
the two transformers. 

The author desires to express his thanks to Mr. W. D. 
Tuck, B.Sc., for reading the manuscript and verifying 
the formule and also to Mr. A. P. M. Fleming, C.B.E., 
Manager of the Research and Education Departments, 
and Special Director of the Metropolitan-Vickers Elec- 
trical Co., Ltd., for permission to publish the paper. 
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SPECIAL JOINT MEETING WITH THE AMERICAN. INSTITUTE OF ELEC- 
TRICAL ENGINEERS (THROUGH THE MEDIUM OF TRANSATLANTIC 


WIRELESS TELEPHONY), 


A AN film entitled “Voices across the 
Sea,’’ illustrating the new Anglo-American telephone 
service, was exhibited at 3 p.m. in the Lecture Theatre 
of the Institution, and at its conclusion the Members 
of Council and specially invited guests adjourned to the 
Council Room. 

Colonel T. F. Purves, O.B.E., then explained to 
those gathered in the Council Chamber the arrangements 
which had been made for the Joint Meeting. His 
remarks were broadcast to those in the Lecture Theatre 
by means of loud-speakers and were as follows:—‘‘The 
American Institute of Electrical Engineers is holding 
to-day its mid-winter Convention in the auditorium of 
the Institute in New York. 'Two papers on the subject 
of transatlantic telephony are being presented there and 
Mr. Waterson of the American Telephone and Telegraph 
Co. is on the point of completing the reading of the 
first of these papers. The Joint Meeting of the two 
institutions, in London and New York, will be held as 
soon as he has finished. We are using for the purpose 
the transatlantic telephone system between Great 
Britain and the United States which has been in opera- 
tion since January of last year and which provides 
regular public telephone service between the whole of 
the United States and a large portion of Canada on the 
one side, and the whole of Great Britain and several 
of the Continental nations of Europe on the other. 
To-day we shall be using the transatlantic radio link 
of about 3000 miles, and about 1200 miles of land 
line. The land line on this side connects us with our 
radio transmitting station at Rugby and with our 
receiving station at Cupar. On the other side it con- 
nects New York with the transmitting station at Rocky 
Point, Long Island, and with the receiving station at 
Houlton, Maine. The local arrangements made at New 
York are exactly similar to those made here. Two 
loud-speaking receivers. are provided on each side, so 
that both audiences may hear the whole of the pro- 
ceedings. The photograph of each speaker will appear 
upon the screen in the auditorium while he is speaking. 
I shall now leave the control of the line and apparatus 
to Mr. Charlesworth, in New York, and he will place 
Mr. B. Gherhardi, the President of the American Insti- 
tute, in communication with our President, Mr. Page, 
here.” 

Mr. B. Gherardi : Mr. Page, it would give great 
pleasure to the American Institute of Electrical Engineers 
if, as President of the Institution of Electrical Engineers 
—the senior Society, founded in 1871—you would act 
as Chairman of this Joint Meeting. ro 

Mr. A. Page: I regard it as a great honour to be 
asked to take the chair on this historic occasion; it is 
also a gracious compliment to our Institution and, in 
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accepting, I desire to thank you, Mr. President, and the 
members of the American Institute of Electrical Engineers 
most heartily. [Mr. Page thereupon took the chair, at 
3.30 p.m.] 

The Chairman : 1 welcome all present at the Meeting 
now in session, and venture to predict that the pro- 
ceedings will prove exceedingly interesting and likely 
not only to live in our memories but also to be quoted 
by succeeding generations of electrical engineers as 
marking an important milestone in the advancement of 
electrical science. I nowask Mr. Gherardi to address us. 

Mr. B. Gherardi: On behalf of the American 
Institute of Electrical Engineers, 1 extend to you, 
Mr. President, and the members of the Institution of 
Electrical Engineers, greetings and our best wishes. 
We are meeting here in New York at our mid-winter 
Convention. In the auditorium of the Engineering 
Society's building in New York, from which 1 am 
speaking, there are assembled about 1000 members of 
our organization from all parts of the United States, 
from Canada, and from other parts of the New World. 
It is with the greatest satisfaction that, as a result of 
the accumulated work of the scientist, the inventor, and 
the electrical engineer, it is possible for us to hold this 
Joint Meeting—the first of its kind. It is with feelings 
of deep appreciation and respect that we think of the 
men who have exemplified the ideals of your organiza- 
tion—Faraday, Maxwell, and Kelvin—and of the many 
others, past and present, who have contributed to elec- 
trical engineering and to the scientific foundations upon 
which it rests. These developments have been notable 
and have contributed in the greatest degree to the 
welfare of mankind. One of these developments is 


electrical communication— the electric telegraph and 


the telephone. These have made communication inde- 
pendent of transportation and no longer subject to its 
difficulties and delays. By the telephone, distance .has 
not only been annihilated, but communication by means 
of the spoken word has become possible. : Starting in 
1876 with instruments and lines which, with difficulty, 
permitted communication over distances limited to a 
few miles, the telephone has been improved year by 
year until continents have been spanned and, at last, 
even the limitations of the Atlantic Ocean have been 
overcome, and, to-day, telephone conversation between 
the two great capitals of the English-speaking world is 
areality. We are gratified that transatlantic communi- 
cation has made this Meeting possible; it has added one 
more to the many ties existing between our two institu- 
tions, and has added still another opportunity for 
friendly communication between us. 

Mr. A. Page: Mr. Gherardi and gentlemen, please 
regard me for the time being, not as chairman of this 
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Joint Meeting, but rather as representing the 13 000 
members of the Institution of Electrical Engineers. My 
first desire is to thank you for your most kind message 
of good will to us all. In turn we hail the President 
and members of the American Institute of Electrical 
Engineers with feelings of the utmost warmth and of 
everything included in the term good comradeship. 
Owing to the hour at which it has been necessary to 
hold this Meeting falling within the period when the 
bulk of our members have to be on duty elsewhere, we 
have perforce had to content ourselves with a smaller 
gathering in London than that composing your Con- 
vention. It is, however, of a thoroughly representative 
character, consisting of specially invited distinguished 
guests, the Council of the Institution—many of whom 
have travelled long distances to be present—and a large 
percentage of the members of our Wireless Section. The 
telephone must rank as one of the greatest inventions 
of the 19th century and it has transformed the daily life 
of all civilized people. Our indebtedness to Graham Bell 
for the boon he has conferred upon us increases with the 
years, and his memory, along with that of Franklin and 
Henry, will be cherished as becomes such benefactors 
of mankind. It would indeed be a gigantic task to 
attempt to exhaust the list of those of your society who 
have contributed so largely to the progress of electrical 
science arid I must content myself by paying tribute to 
a great institution which has given proof time and again 
that engineering is truly international. 1t cannot be 
questioned that we are living in a period of extraordinary 
change as the result of scientific discovery, and in no 
field has the advance been more marked than in that 
of the communication engineer. The commercial radio 
services thus placed at our disposal assure closer and 
closer association between the English-speaking races, 
a new spice is added to life and the bonds of friend- 
ship materially strengthened. I rejoice that our two 
institutions can combine in the future even more effec- 
tively than in the past, and that this is the outcome of 
the splendid work done. in one of the branches of our 
own profession. 1 shall now resume my chairmanship 
and call upon Dr. Jewett, who is one of the vice- 
presidents of the American Telephone and Telegraph 
Co. and a past-president of the American Institute of 
Electrical Engineers. 

Dr. F. B. Jewett: The opportunity which this 
occasion offers of addressing jointly two widely separated 
groups of engineers who in times past have addressed 
each other vis-d-vts in London and New York, affords 
me the liveliest satisfaction. I am gratified to parti- 
cipate in an event which marks both a notable advance 
in electrical communication and a pioneer demonstration 
of a wider use for electrical communication. I am 
pleased that, in common with numerous associates on 
both sides of the Atlantic, it has been my good fortune 
to play a part in the development work which has made 
this occasion possible. Col. Purves and Mr. Gherardi 
will remember that when in London more than a year 


ago we were engaged in a final consideration preliminary ~ 


to the opening of commercial transatlantic telephony, we 
discussed details of just such a Meeting as this. That our 
discussion should have been serious and not a pleasant 
mental diversion at a time when the channels of com- 


munication were not in operation is a striking evidence 
of the sound basis which underlies present-day electrical 
engineering. The fact that we saw and appraised the 
many obstacles to be overcome did not in the least 
diminish the assurance with which we talked of and 
planned for a distant event. While, therefore, the 
present occasion is highly gratifying to the engineers 
whose work has made it possible, it is in no sense a 
surprise. The success which is attending this occasion 
is significant also in that it is tangible evidence of a 
co-operation both intimate and full between men 
situated so far apart as to make co-operation difficult. 
On behalf of my associates in America, I salute our 
associates in England. 

Colonel T. F. Purves: It is an honour and a privi- 
lege to be associated with this notable event which, 
one can justly feel, is breaking new ground in the advance 
of nations towards closer relationship. It is a great 
thing that two large assemblies separated by wide 
expanses of ocean, can join themselves together as we 
are doing now and interchange their thoughts and ideas 
by the simple and natural medium of direct speech to 
a combined audience. It opens up the prospect of 
results which thrill the imagination and which are 
bound to be beneficent and to conduce, by the way of 
clearer mutual understanding, to the good of mankind. 
On this first occasion it is inevitable that the manv 
professional interests which our two institutions share 
—and which we should like to talk over with each 
other—should be pushed a little into the background, 
and that we should find ourselves preoccupied mainly 
with the wonder of the thing itself. At our Meeting 
here in London we have just been shown a motion 
picture which illustrates in a very vivid and interesting 
way the initiation and progress of a transatlantic tele- 
phone conversation between San Francisco on the 
Pacific Ocean and Plymouth in England. We were 
not yet able to place it simultaneously before the eyes 
of you who are sitting there in New York, but some of 
you, at least, have seen it already. The greater part of 
it was made on your side and I have to thank your 
President very heartily for letting us have the com- 
pleted film. It helps one to recall, and to visualize, 
the remarkable series of new electrical developments— 
most of them things of only yesterday—which have 
combined to make this meeting possible. The radio 
art. has given us its essential basic principles and the 
high-power amplifying tubes, which over here we call 
“valves”; long-distance telephony has contributed a host 
of new devices which are equally essential; and specialized 
broadcasting has given us the loud-speaking receiver. 
As we sit and talk to each other our speech is launched 
into the air, by the radio transmitting stations at Rugby 
and at Rocky Point, with an electromagnetic wave 
energy of more than 80 horse-power, and I may add 
that the combined effect of the various refinements and 
special devices included in the transmitting and receiving 
systems is to make the speech-carrying efficiency of 
each unit of this power many thousand times greater 
than that of an equivalent amount of power radiated 
by an ordinary broadcasting station. Many further 
improvements are still being studied. I should like to 


express the feelings of great personal pleasure with 
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which I am listening this evening to the voices of my 


old and valued friends of the American Telephone and 


Telegraph Co., Mr. Gherardi, Dr. Jewett and General 
Carty, and to assure them and their colleagues both on 
my own behalf and on behalf of the engineering staff 
of the British Post Office, that the increased oppor- 
tunities of co-operation with them which the develop- 
ment of the transatlantic telephone system has afforded 
us are appreciated in a very high degree. We have to 
thank them for much helpful counsel, in this and in 
many other matters, and we look forward with great 
pleasure to a continuance of our close association with 
them on the long road forward, over which we still have 
to travel together. 

`. The Chairman: We are delighted to have with us 
(in New York) General John J. Carty, vice-president 
of the American Telephone and Telegraph Co. and a 
past-president of the American Institute of Electrical 
Engineers. He is widely regarded as the doyen (or, 


to be more correct, the dean) of the telephone engineer- - 


ing profession, and we shall be glad if he will say a few 
words and propose a resolution on the subject of our 
Joint Meeting. 

General J. J. Carty: I desire to move the follow- 
ing resolution: “Whereas on this 16th day of February, 
1928, the members of the Institution of Electrical 
Engineers assembled in London, and the members of 
the American Institute of Electrical Engineers assembled 
in New York, have held, through the instrumentality 
of the transatlantic telephone, a Joint Meeting at which 
those in attendance in both cities were able to partici- 
pate in the proceedings and hear all that was said, 
although the two gatherings were separated by the 
Atlantic Ocean; and -as this Meeting, the first of its 
kind, has been rendered possible by engineering develop- 
ments in the application of electricity to communication 
by telephone; therefore Be it resolved that this Meeting 
wishes to express its feelings of deep satisfaction that, 
by the electrical transmission of the spoken word, these 
two national societies have been brought together in 


this new form of international assembly, which should 
prove to be a powerful agency in the increase of good 
will and understanding among the nations; And be it 
further resolved that a record of this epoch-making 
event be inscribed in the minutes of each society.” 

The Chairman: I have asked Sir Oliver Lodge to 
second the motion. 

Sir Oliver Lodge: It is surely right and fitting 
that a record of the transmission of human speech 
across the Atlantic be placed upon the minutes of those 
societies whose members have been instrumental in 
making such an achievement possible, and I second the 
proposal that has just been made from America. All 
those who in any degree have contributed to such a 
result—from Maxwell and Hertz downwards, including 
all past members of the old British Society of Telegraph 
Engineers—will rejoice at this further development of 
the power of long-distance communication. Many 
causes have contributed to make it possible:—That 
speech is transmissible at all is due to the invention of 
the telephone; that speech can be transmitted by ether 
waves is due to the invention of the valve and the 
harnessing of electrons for that purpose; that ether 
waves are constrained by the atmosphere to follow the 
curvature of the earth’s surface is an unexpected bonus 
on the part of Providence, such as is sometimes vouch- 
safed in the furtherance of human effort. The actual 
achievement of to-day at which we rejoice, and which 
posterity will utilize, must be accredited to the enthu- 
siastic co-operation and to the scientific and engineering 
skill of many workers in the background whose names 
are not familiar to the public, as well as to those who 
are well known. The union and permanent friendliness 
of all branches of the English-speaking race, now let us 
hope more firmly established than ever, are assets of 
incalculable value to the whole of humanity. Let no 
words of hostility be ever spoken. 

Upon the motion being put to the Meeting, it 
was carried unanimously. The proceedings then ter- 
minated. ) 
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Page Prize. 


The Institution has received from an anonymous 
donor a gift of £50 of 5 per cent War Loan, the interest 
on which is to provide a prize, to be known as the 
“ Page Prize,” which the Council have decided to award 
each year to the author of the best thesis submitted in 
lieu of the Associate Membership Examination. 


| Summer Meeting, 1928. 

The arrangements have been completed for the 
Summer Meeting of the Institution to be held at the 
Scottish Centre from the 26th to the 30th June. The 
programme includes visits to the Falls of Clyde hydro- 
electric works of the Clyde Valley Electric Power 
Co., the Portobello power station of the Edinburgh 
Corporation, the works of Messrs. Bruce Peebles and Co., 
Ltd., and the Lochaber water-power scheme of the 
British Aluminium Co., Ltd., also excursions to the Forth 
Bridge, Holyrood Palace and other places of historic 
interest, There will be receptions by the Lord Provost 
of Glasgow and the Principal of Glasgow University, a 
conversazione at the Central Station Hotel, Glasgow, an 
entertainment at the Highland Hotel, Fort William, by 
invitation of the British Aluminium Co. and Messrs. 
Balfour, Beatty and Co., Ltd., and a cruise from Fort 
William by special steamer to Oban, where the Meeting 
will end. 


Council's Nominations for Election to the- 
Council. 


The following have been nominated ‘by the Council 
for the vacancies which will occur in the offices of 
President, Vice-Presidents, Honorary Treasurer, and 
Ordinary Members of Council on the 30th September, 
1928 :— 


President. (One Vacancy.) 
Lieut.-Col. K. Edgcumbe, R.E. (T.A.). 


Vice-Preswents. (Two Vacancies.) 
P. V. Hunter, C.B.E. 
A. H. Railing, D.Eng. 
Donorary Treasurer. (One Vacancy.) 
Lieut.-Col. F. A. Cortez Leigh, T.D., R.E.T. (Ret.). 


Ordinary Members of Council. 
MEMBERS. (Six Vacancies.) 
J. M. Kennedy. E. H. Shaughnessy, O.B.E. 
R. K. Morcom, C.B.E., M.A. Lieut.-Col. W. A. Vignoles, 
C. C. Paterson, O.B.E. D.S.O. 
F. W. Purse. 
ASSOCIATE MEMBERS. 


T. G. N. Haldane, M.A. S. Harcombe, M.A., B.Sc. 


ASSOCIATE. (One Vacancy.) 
Sir Philip A. M. Nash, K.C.M.G., C.B. 


(Two Vacancies.) 


Premiums. 


The following Premiums for papers have been awarded 
by the Council: — 


The Institution Premium (value £25). 


F. H. ROSENCRANTS, “ Practice and Progress in 
B.Sc. Combustion of Coal as ap- 
plied to Steam Generation.” 


The Ayrton Premium (value £10). 


F. LYDALL. “The Electrification of the 
Pietermaritzburg — Glencoe 
Section of the South African 
Railways.” 


The Fahie Premium (value £10). 


B. S. COHEN. “ Apparatus Standards of Tele- 
phonic Transmission, and 
the Technique of Testing 
Microphones and Receivers.” 


The John Hopkinson Premium (value £10). 


D. B. HoSEASON. “ Squirrel-Cage Induction 
Motors.” 


The Kelvin Premium (value £10). 


T. N. RiLEY, M.Sc., “ Insulating Oils for High- 
and T. R. Scott, Voltage Cables.” 
B.Sc. 


‘The Paris Premium (value £10). 


A. H. Law and J. P. 
CHITTENDEN. 


“ Higher Steam Pressures and 
their Application to the 
Steam Turbine.” 


A Premium (value £10). 


E. C. McKINNON. “ Storage Batteries in relation 
to Modern Supply of Elec- 


tric Lighting and Power.” 
A Premium (value £10). 


H. B. POYNDER. “Some Practical Considera- 
tions in the Design of Auto- 
matic Equipments for Heavy 


Traction Substations.” 

A Premium (value £5). 

T. H. TURNEY, Ph.D. “ The Principles of Relay Tim- 

ing in connection with Auto- 
matic Telephone Circuits.” 

A Premium (value £5). 
P. D. MorGAN, B.Sc. 


(Eng.). 


** A Critical Study of the Con- 
tinuous Rating of Low-Pres- 
sure Ordinary-Duty Fusible 
Cut-Outs.” (E.R.A. Report.) 
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The Willans Premium. 

The triennial award of the Willans Premium, which 
falls to the Institution on this occasion, has been made to 
Lieut.-Col. H. E. O’Brien, D.S.O., for his paper entitled 
** The Future of British Main-Line Electrification,” read 
before the Institution on the 27th March, 1924. 


WIRELESS SECTION PREMIUMS. 

A Premium (value £10). l 

Prof. E. V. APPLETON, ‘‘ The Study of Signal Fad- 
F.R.S. ing.” 


A Premium (value £10). 
Lt.-Col. A. G. LEE, 
O.B.E., M.C., B.Sc. 


Address- as Chairman of the 
Wireless Section. 


A Premium (value £5). 

G. W. N. COBBOLD, 
M.A., and A. E. 
UNDERDOWN. 


“ Some Practical Applications 
of Quartz Resonators.” 


The Premiums for papers read before the Students’ 
Sections will be announced later. 


Low-Tension Overhead Lines. 

In 1926 the Institution called a Conference consisting 
of the members of its Electricity in Agriculture and 
Electricity (Supply) Regulations Committees and of the 
Incorporated Municipal Electrical Association Committee 
on Low-Tension Overhead Lines. Asa result of this Con- 
ference a letter was sent, in July 1927, to the Electricity 
Commissioners, making certain proposals. Following 
this, the Commissioners themselves held a Conference 
on the same subject and have now issued new Regulations 
for Overhead Lines (El.C. 53) embodying many of the 
points urged by the Institution on behalf of the Confer- 
ence. The following were the proposals, which are set 
out under the various headings affected, and the manner 
in which the proposals were dealt with is indicated in 
each case :— 


Line conductors to be inaccessible. 

“ That line conductors should be deemed to be inacces- 
sible when they are 4 ft. away from the furthest project- 
ing part of a building, and that lines may pass within 
4ft. of buildings if insulated with satisfactory weather- 
proof insulating material.” 

The old Regulation which sets out that a line shall be 
inaccessible from any building or other place without the 
use of a ladder or other special appliance, which would 
appear to cover the first point, has not been altered, and 
no action has been taken on the second point. 


Line conductors crossing other lines. 

“That a bare earthed neutral placed in a vertical 
position under or over power wires should be treated as 
one of the precautions to be taken to prevent contact 
between a line conductor and the other overhead wire.” 

The Regulation has not been altered but it is under- 
stood that the Commissioners will accept the above 
interpretation. 


Factor of safety of line conductors. 
“That the Regulations should be ameliorated in 
respect of factors of safety and/or loading.” 


This has been provided for. The factor of safety has 
not been reduced, but the ice loading has been reduced 
in the case of low-pressure wires from ¿ in. to $y in. 
(on high-pressure wires from 3 in. to ¿ in.). | 
Minimum height of conductors. 

** That ground clearances should be reduced to 17 ft. 
from the lowest bare wire when running across or along 
public roads.” 

The minimum height has been reduced to 19 ft. across 
roads, 17 ft. in other positions, and 16 ft. in situations 
inaccessible to vehicular traffic. 


General. 

In addition to the above proposals, the following 
suggestions were put forward :— 

“That no differentiation should be made between 
alternating and direct current at pressures between 125 
and 250 volts.” . 

No action was taken on this matter. 

“ That an undertaker, where the type of overhead line 
has been approved, may proceed with extensions on the 
same construction without having in every case to obtain 
a further permit.” 

The Commissioners have made considerable easements 
in the matter of provision of plans, etc., which need not 
now be produced on every application. 

“That the pressure variations set out in the Com- 
missioners’ Regulations (A) and (B) should be allowed 
to be greater.” 

It is understood that in new installations a variation 
of about twice the present value is intended to be allowed, 
until the areas are fully developed. 

It will be seen that the Commissioners have accepted 
some of the most important of the proposals made by 
the Institution Conference, and it is considered that the 
modifications will allow of a very appreciable reduction 
in the cost of erecting low-tension overhead lines. 


Proceedings of the Wireless Section. 


68TH MEETING OF THE WIRELESS SECTION, 7TH MARCH, 
1928. 


Lieut.-Col. A. G. Lee, O.B.E., M.C., B.Sc., Chairman 
of the Section, took the chair at 6 p.m. 

The minutes of the meeting of the Wireless Section 
held on the Ist February, 1928, were taken as read and 
were confirmed and signed. 

A paper by Messrs. G. W. N. Cobbold, M.A., Associate 
Member, and A. E. Underdown, Graduate, entitled 
“Some Practical Applications of Quartz Resonators ”’ 
was read and discussed. 

On the motion of the Chairman a vote of thanks to 
the authors was carried with acclamation, and the 
meeting terminated at 7.35 p.m. 


69TH MEETING OF THE WIRELESS SECTION, 4TH APRIL, 
1928. 


Lieut.-Col. A. G. Lee, O.B.E., M.C., B.Sc., Chairman 
of the Section, took the chair at 6 p.m. 
The minutes of the meeting of the Wireless Section 
held on the 7th March, 1928, were taken as read and 


. were confirmed and signed. 
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A paper by Professor E. V. Appleton, F.R.S., entitled 
“The Study of Signal Fading,” was read and discussed. 

On the motion of the Chairman a vote of thanks to 
the author was carried with acclamation, and the 
meeting terminated at 7.40 p.m. 


70TH MEETING OF THE WIRELESS SECTION, 2ND May, 
1928. 


Lieut.-Col. A. G. Lee, O.B.E., M.C., B.Sc., Chairman 
of the Section, took the chair at 6 p.m. 

The minutes of the meeting of the Wireless Section 
held on the 4th April, 1928, were taken as read and were 
confirmed and signed. 

The Chairman announced that the following nomina- 
tions had been made by the Wireless Section Committee 
to fill the vacancies which would occur on the Committee 
on the 30th September, 1928:— 

Chairman : Commander J. A. Slee, C.B.E., R.N. 

Members of Committee: Mr. F. W. Davey, Lieut.- 
Col. A. G. Lee, O.B.E., M.C., B.Sc., Mr. E. B. Moullin, 
M.A., and Mr. P. K. Turner. 

An informal discussion on “' Screened-grid Valves ” 
was opened by Mr. M. G. Scroggie, B.Sc. 

At the conclusion of the discussion, on the motion 
of the Chairman a vote of thanks to Mr. Scroggie for 
his introductory remarks was carried with acclamation, 
and the meeting terminated at 7.40 p.m. 


The Benevolent Fund. 

The following is a list of the Donations and Annual 
Subscriptions received during the period 26 April- 
25 May, 1928:— £ s 


Andrews, O. M. (London) 
Angus, T. C. (London) 
Asher, R. W. (Bedford) E 
Ayengar, T. K. R. (Bombay). . 
Bell, H. (Hull) 
Bust, F. H. (East Saugus, U.S.A.) 
Cassé, C. W. (Sutton, Surrey) 
Catterson-Smith, J. K. (Bangalore) . 
Charman, C. E. (Mitcham) : 
Christy, F. (Chelmsford) 
Claret, W. E. (Wakefield) .. 
Clutterbuck, T. ey 
Cohen, B. S. (London).. 
Connelly, T. M. (London) .. 
Dinham-Peren, A. E. H. (London) . 
Dudley, L. C. (London) 
Everett, A. G. (Hong-Kong) .. 
Eynon, W. (London) a 
Farmer, C. D. (London) 
Fell, H. H. (Andover) 
Fennell, C. W. (Slough) 
Gerrard, H. (Manchester) 
Gordon, E. A. (London) 
Hansford, R. V. (London) 
Hargreave, E. (Manchester) 
Hartley, G. C. (London) 
Horsfield, E. B. (Hull) 
Hunt, L. J. (London) 
Isaacs, R. G. (Swansea) 
Ivison, E. J. (London) ; 

* Annual Subscription, 
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Jehu, J. W. (Welshpool) 

Jeynes, M. (Malvern) . 

Johnson, J. R. (Baranquilla, Colombia) 
Kehoe, H. (Madras) .. 

Kelman, W. H. M. a 

Lang, W. (London) .. 

Leeves, A. H. (Colwyn Bay) . 

Lister, J. F. (Birmingham) 

Lock, A. C. (London) 

McCandless, J. (Dublin) 

McLellan, D. H. (Colombo) 
MacMicking, J. M. ee 
Main, F. W. (London) - 

Marryat, H. (London) 

Mather, J. F. (Bradford) ; 
Matthews, W. K. (Colombo) . 

Mitton, F. E. (Purley) ; 
Mozumdar, D. N. (Calcutta) . 
Murdock, A. (London). . 

Myer, B. L. (Liverpool) 

Newman, A. J. (Bristol) 

Nicholls, W. H. (Aldershot) . 

Nixon, L. R. (Rugby) 

Noddings, W. B. (London) .. 
O’Brien-Malone, P. J. (Dublin) _.... 
Payne, F. G. (Salisbury, ee 
Pearce, F. E (Sale) s 
Pearce, J. G. (Birmingham) 

Pike, F. A. (Derby) 

Pope, J. W. (London) . 

Prior, E. S. (Goole) 

Rayner-Smith, P. (London) . 

Read, R. S. (London) 

Record, J. W. (Bowdon) 

Redman, R. H. (Leeds) 

Redman, W. (Shipley). . 

Richardson, T. C. (N ewcastle-on-Tyne) 
Roberts, A. E zs E 
Sabikhi, N. C. (Bombay) 

Scott, W. G. (Glasgow) 

Shaw, J. H. (Dublin) . 

Simpson, R. K. (Holytown, N. B.) 
Slater, K. A. H. (Pernambuco) 

Spary, P. G. (Southampton) 

Stamp, W. F. (St. Austell) 

Steel R. M. (Madras) .. 

Stephens, H. J. (Glasgow) 

Strachan, A. A. (Kuala Lumpur) 
Swain, V. E. T. (London) ., 
Taylor, C. P. (Gravesend) ý 
Terry, R. St. G. (New Malden) 
Thorrowgood, W. J. (London) 
Tremain, A. G. (Johore Bahru, F.M. S.) 
Turnbull, C. (Tynemouth) pen 
Verma, P. L. (Bombay) 

Ward, E. (Preston) 


Warrington, A. R. V. (Schenectady, U. S. A) 
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Wilkinson, H. W. (London) . 
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SOME PRACTICAL CONSIDERATIONS IN 


ty 


THE DESIGN OF AUTOMATIC 


; EQUIPMENTS FOR HEAVY TRACTION SUBSTATIONS. 
By H. B. POYNDER, Member. 


(Paper first received lst June, 1927, and in final form 9th February, 1923; read before THE INSTITUTION 2nd February, before the 
NORTH-EASTERN CENTRE 13th February, before the East MIDLAND SuB-CENTRE 28th February, and before the NORTH- 


WESTERN CENTRE 3rd April, 1928.) 


SUMMARY. 


The object of this paper is to indicate some of the problems 
which still await satisfactory solution in the application of 
the automatic rotary-convertor substation to heavy electric 
traction. 

The need for overhauling present designs, with a view 
to decreasing maintenance, is pointed out. | 

The phenomena which occur on short-circuiting a rotary 
convertor are discussed. 

The high-speed breaker and its advantages are described, 
and the difficulty now found in securing accurate calibration 
is referred to, coupled with a suggestion for overcoming this 
diffculty by the use of stabilizing resistances. 

The importance of sufficiently insulating series windings, 
whether connected on the earthed side of the machine or 
not, is pointed out. 

The effect of high ambient temperature on machine output 
is discussed, with special reference to sets operated through 
thermal relays, as is' the case in automatic substations, and 
the importance of ventilating the machinery with fresh air 
from outside the substation is emphasized. 

The use of air filters, and the type of filter most suitable 
for the conditions, are discussed. 

A type of opening which gives free egress for the air and 
prevents the entrance of rain is described. 

Suggestions are made regarding the method of ventilating 
the armature core when forced ventilation is adopted. 

A vertical design of rotary convertor which seems to offer 
advantages is described. 

The present design of thermal relay is discussed and sug- 
gestions are made for its modification, so as to imitate more 
closely the heating which occurs in the rotary-convertor 
armature under the varying conditions of operation. An 
alternative method, depending upon the actual hot-spot 
temperature and eliminating an independent thermal relay, 
is described. 

The available means of obtaining control current for the 
operation of the automatic equipment are considered, par- 

icularly from the point of view of the complete or partial 
elimination of batteries and, if they must be retained, of the 
most suitable type to employ. . 

Fire risk and the means available for fire quenching in the 

event of sustained conflagration are discussed. 


INTRODUCTION. 


The advent of the automatic substation for heavy 
electric traction schemes introduces certain problems 
which affect the design of the equipment. These 
particular problems either are not present, or are present 
to a much smaller extent, in the case of manually-operated 
substations. A statement of some of these problems, 
from the point of view of the user, appears to be desirable 
at the present time, more especially to stimulate dis- 
cussion by the manufacturers of such equipments. 


Relatively little in this paper is original, and much of 
it must already be appreciated by designers, although 
there does not appear to be any publication covering 
the same ground. 

The author believes that the correct solution of the 
problems discussed herein will have considerable effect 
on the future development of automatic substations 
for heavy traction work. He has dealt with the matter 
from the point of view of rotary-convertor substations 
operated by supervisory control from some central point, 
and most of the problems raised have special reference 
to this type of system, although some are equally 
applicable to motor-convertor, motor-generator or 
rectifier substations. 


MAINTENANCE. 


Apart from the operating advantages which are 
obtained by superseding the human element by reliable 
automatic mechanisms, the justification of the additional 
capital expenditure required for automatic operation 
depends on the reduction in the cost of staff, and this 
is mainly dependent on the amount of maintenance 
which the automatic gear requires. This is particularly 
true with main-line electrifications through open country, 
where the time and expense entailed in travelling to and 
from substations are generally great. Minor adjust- 
ments, which are carried out as a part of their regular 
routine by the attendants in a manual substation, become 
serious items of expense in an automatic substation. 

Operating experience with automatic substations 
rather indicates that this aspect has not been sufficiently 
considered in the past, as some present-day designs 
suggest the assumption that frequent and lengthy visits 
by the maintenance staff will be a feature of normal 
operation. 

The designer’s aim should be to reduce the frequency 
and duration of maintenance-staff visits to the absolute 
minimum, even although this may necessitate departures 
from designs which have given entire satisfaction in 
manual substations. Many such points will occur to 
designers. Amongst them are the following :— 


(1) Brush gear should be so designed that considerable 
brush wear can take place without necessitating 
re-adjustment of springs. 

(2) Contacts should be so designed as to require a 
minimum of cleaning, such as by the use of 

“silver and platinum facing and carbon breaks, 
and by shielding from dust. 

(3) Ball or roller bearings should be used on auxiliary 
machines, if not also on the rotary convertor. 
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(4) When a secondary battery is used, the choice of 
type of cell and system of operation should be 
such as to eliminate, as far as possible, any 
special charges or discharges for keeping the 


battery in good condition, and the design such 


as to require minimum topping up. 


(5) Insulation should be used which does not warp or 
shrink with age or heat. Cases have occurred. 


where gradual seasoning of insulation during the 
first year or two of operation has caused slack- 
ening of connections and distortion of shape, 
resulting in faulty operation of machines, 
contactors, relays, etc. 


ROTARY CONVERTORS AND TRACK SHORT-CIRCUITS. ` 


The ability of convertor plant to stand up to short- 
circuits on the track is not primarily a special desideratum 
of the automatic substation, but in a manually-operated 
substation containing spare sets the operator can, if a 
machine flashes over, start up another and clean down the 
commutator of the one which flashed over, at the same 
time examining it to assure himself that no other damage 
has been suffered. Admittedly this is troublesome, as 
it necessitates synchronizing a second machine, and 
even with manually-operated substations there has 
been a steady improvement with a view to making this 
unnecessary. Up to comparatively recently, however, 
few makers succeeded in producing rotary convertors 
which could be assumed with any degree of certainty 
to be capable of being switched in after every short- 
circuit, without first shutting down and cleaning. 

In an automatic substation, however, this feature is 
of paramount importance—automatic operation would 
be impracticable without it—and this is the author’s 
excuse for dealing with it in some detail, although 
the ground has been somewhat similarly covered by 
others. 

Mainly as a result of the pressure brought to bear 
on designers to meet the needs of automatic substations, 
50-cycle 750-volt rotary convertors connected two in 
series for 1 500-volt operation which will stand up to 
short-circuits close to the substation without flashing over, 
even when no high-speed breaker is in use, can now 
be obtained from any of the leading makers. Heavy 
instantaneous flashing does occur, but such machines 
can be closed a number of times on a short-circuit with- 
out such damage to commutator or brush gear as will 
appreciably affect operation, although slow, cumulative 
roughening of the commutator would result if the short- 
circuits were continued indefinitely. 

Whether it is possible to design a 50-cycle 1 500-volt 
rotary convertor for which the same claim can be made 
is perhaps doubtful at present. 

Various developments in design have contributed to 
the improved operating characteristics under short- 
circuit. Most of them have already been described 
by F, P. Whitaker,* E. P. Hill,t and probably others. 

These developments, which have been, and are being, 
used in various combinations, may be summarized as 
follows :— | 

.& Journal T.E.E., 1922, vol. 60, p. 501. 


4 “ Rotary Convertors, their Principles, Construction and Operation ” 
(Chapman and Hall, 1927), 


(1) Ample clearance between the commutator and 
frame, bedplate and pedestal. 

(2) Shielding of bedplate, pedestal and shaft at the 
commutator end of the machine with insulating 

- material. 

(3) Enclosure of all the smaller brush-gear parts such 
as screws, springs, flexibles, etc., inside strong 
boxes, either oí relatively heavy metal which 
will only be slightly scarred by flash-overs, or 
of stout insulating material. The heavy metal 
protection seems preferable, owing to its cooling 
effect. 

(4) Constructing the commutator of the same diameter 
as the armature core and maintaining a strong 
air draught axially across its surface away from 
the machine. This eliminates the commutator 
risers which are always a source of danger, and 
blows away the conducting gases. The ordinary 
commutator riser is not only mechanically 
weak and liable to burning due to its small heat 
capacity, but it also tends to suck in a certain 
amount of air towards it off the commutator 
surface. This design also has the advantage of 
increasing the distance between the brush arms 
for any given armature core diameter. The 
design at first met with some opposition on 
account of the higher peripheral speed of 
commutator which it entailed, but recent 
experience has shown that speeds up to 8 000 ft. 
per min. and over are perfectly practicable. 

(5) The employment of magnetic brush arms with 
a view to assisting the air to blow the arcing 
outwards away from the machine. This same 
action doubtless takes place to a limited extent 
with any brush arm so designed that the flow 
of current through the arm is parallel and in the 
opposite direction to that in the commutator 
bars beneath it. 

(6) The use of insulating barrier gear between the 
brush arms, and of a circumferential barrier 
over the back end of the commutator, leaving an 
annular space between them for the axial air 
draught, where this is used. . 

(7) The avoidance of brush-lifting devices which are 
difficult to design in such a way as not to be a 
source of danger or liable to damage. This 
means the avoidance of the tap-started rotary 
convertor unless the starting losses can be 
sufficiently reduced to enable tap-starting to be 
carried out safely without brush-lifting. 

(8) Slight inclination of the brush arms so that the 
final break of any one commutator bar takes 
place at the outer end, or, alternatively, keeping 
the brush arms parallel with the shaft and 
setting the end brush-boxes slightly forward. 

(9) Various improvements in the electric and magnetic 
design, in regard both to the armature and to 
the magnetic system. Such points are the 
special province of the designer and will not be 
detailed here, except that it may be mentioned 
that high-reluctance commutating poles have 
become standardized, by which means there 
can be obtained correct commutation over a 
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longer range.than previously, and somewhat 
better commutating conditions under short- 
circuit conditions. 


The high-speed breaker has undergone great develop- 
ment in the last few years and to some extent discounts 
the importance of the above features, as it is probable 
that a good breaker can make a machine of indifferent 
design behave fairly satisfactorily. This is, however, no 
reason for scamping the design of the rotary convertor. 
The possibility (even if remote) of the high-speed breaker 
failing to operate should be taken into account, as under 
these conditions a machine of indifferent design will 
inevitably suffer seriously under short-circuit, being 
probably put out of commission for a considerable 
period. The machine should be designed as well as 
possible and the high-speed breaker added as a further 
safeguard, and it is only by this combination that real 
reliability can be obtained. 


A rotary convertor intended for automatic operation | 


should therefore besubjected on test, without a high-speed 
breaker in circuit, to a few short-circuits of a severity 
corresponding to a short-circuit on the track immedi- 
ately opposite the substation, and should neither flash 
over nor show appreciable marking. 

In railway-traction schemes, especially in their earlier 
stages, short-circuits on the track are of frequent occur- 
rence and the manufacturer must look upon them as 
normal operating events. 


The phenomena which occur on short-circuiting a 


rotary convertor are somewhat complex. Having 
regard to the fact that the usual rotary-convertor 
transformer has an inherent reactance of the order of 
10 per cent, there is no doubt that the larger part of the 
instantaneous energy comes from the inertia of the 
armature and not from the a.c. supply, so that, during 
the time the short-circuit lasts, the armature suffers an 
angular displacement. In general, however, it does 
not slip a pole. 

So long as flashing only occurs without flash-over, 
the short-circuit current can be investigated in an 
ordinary test by means of an oscillograph, but if a 
flash-over takes place from brush arm to brush arm the 
oscillograph, as ordinarily connected, gives no direct 
evidence of it and its presence can only be indirectly 
assumed from the variations in the voltage curve, which 
often indicate that a series of flash-overs have taken 
place, probably at successive brush arms. ` 

As far as the author is aware, there has been no 
attempt to record the flash-over current from brush 
arm to brush arm, although this should not be very 
difficult if all the brush arms of one polarity were tem- 
porarily fitted with conducting shields on both sides 
insulated from the brush arms but all connected in 
parallel, the oscillograph shunt being connected between 
the arms and the shields so that any flash-over from arm 
to arm would have to pass through one of the shields 
and the oscillograph shunt. 

A condition similar to this did obtain at some tests 
carried out a few years ago on a rotary-convertor set 
which was not fitted with barriers or protecting insulation 
around the pedestal or the bedplate and had the old 
type of breaker in circuit. The set consisted of two 


750-volt machines in series, and a number of short- 
circuits were applied with an oscillograph in circuit. 
Although there was considerable flashing on both 
machines, the fiash-overs only took place on the positive 
machine and were not from brush arm to brush arm, 
but usually from a positive brush arm to the bearing 
pedestal, this being a distance of from 12 to 15 in. and 
somewhat greater than the distance between brush 
arms. It was, of course, only between the positive 
brush arms of the positive machine and its bedplate or 


. pedestal that a potential difference of 1500 volts nor- 


mally existed. In these tests the flash-over current was 
recorded by the oscillograph, as it was so connected 
that the current in passing from the pedestal via the 
bedplate, the earthing system and the negative busbar 
to the negative brushes had to pass through the oscillo- 
graph shunt, and the records showed that the flash-over 
always occurred after the breaker had opened and the 
voltage across the brush arms had rebuilt. The flash- 
over current was greatly in excess of the short-circuit 
current. 

In this series of tests one abnormal flash-over occurred. 
As far as could be seen by the observers, who were all 
stationed atthe frontof the machine, there was no flash- 
over whatever at that end, merely heavy flashing, but 
the oscillograph recorded one, and examination showed 
that it occurred at the rear end, between one of the 
slip-rings and an earthing terminal on the bedplate 
below, a distance of some 15in. Further examination 
showed that there was a strong draught of air from the 
pit below the commutator, under the magnet yoke, and 
under the slip-rings to a cable duct which passed under 
the rear bearing to a lofty transformer chamber which 
was acting as a chimney. 

It was observed at these tests that a flash-over would 
usually take place to the same point on the pedestal 
as in the test immediately before, if the scarred place 
had not been painted over, but that if it was painted 
over the next flash-over would usually strike elsewhere, 
thus seeming to indicate that there existed between the 


pedestal and the brush arms a path of very low-resistance 


vapour to which the addition of the resistance due to a 


layer of wet paint made a substantial difference. It 


also appears that these conducting vapours continue to 
conduct far beyond the range of incandescence. In the 
case of the flash-over at the back end of the machine, 
they travelled some 4 or 5ft. and neither observation 
at the time, nor examination afterwards, suggested 
that any sheet of flame had passed under the 
machine. | 

Similar phenomena occur in switch cubicles. The 
author recollects a case, which is probably typical of 
many, where in a 20 000-volt switch cubicle the current 
appeared to jump spontaneously some 18in. from a 
bare terminal to the steel frame. A loose connection 
which had been arcing slightly was found some 4 ft. or 
5 ft. lower down in the cell. It was assumed that 
conducting vapours had been generated at ‘the loose 
joint and had floated upwards and produced a short- 
circuit through the air. 

The phenomenon seems to be of sufficient importance 
to justify serious scientific research, with a view to 
determining the laws which govern it. The conducting 
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vapour at present seems rather to be taken for granted 
as being the only apparent explanation of certain 
observed facts. Research which definitely proved its 
existence and composition and, inter alia, determined 
the effects of time, temperature and distance from the 
source, on the retention of the conducting property 
and whether a critical voltage is involved, might suggest 
improvements in design for reducing or removing the 
conducting property, which would be of great value to 
the industry. There does not seem to be any inherent 
impossibility in producing the effect artificially as a 
stable condition, which would be more amenable to 
investigation than the transient conditions obtaining 
on a commutator during short-circuit. 

Assuming that the theory is correct and that these 
conducting vapours are formed, there seems little doubt 
that what occurs with a rotary convertor is generally 
as follows :— | 

When a heavy short-circuit is applied, flashing occurs 
at the toe and probably also under the brush. Even 
under the worst conditions, however, this appears to be 
comparatively local, the range of incandescence reaching 
no great distance, but the conducting vapours spread 
out, reaching far beyond this range, and if the flashing is 
allowed to persist for a sufficient length of time for the 
vapours to bridge the space between brush arms before 
the circuit is opened, spontaneous flash-over tends to 
occur between brush arm and brush arm, when the 
voltage across the brushes ‘rebuilds on the opening of 
the circuit by the breaker. 

It will thus be seen how important is the element of 
time, not that it has any particular connection with 
the time a commutator bar takes to travel from brush 
to brush, as is sometimes claimed, but because the 
longer the flashing lasts the greater the quantity of 
conducting vapours produced. The total angular dis- 
placement of the armature is also a function of the time 
of persistence of the short-circuit, and the greater the 
angle the worse are the commutating conditions for a 
given direct current and the greater is the alternating 
synchronizing current, so that the flashing grows cumu- 
latively worse the longer it lasts. 

The advantage of a strong axial draught over the 
commutator is also apparent, as it tends to blow the 
conducting gases away from the commutator. It must 
be remembered, however, that the flashing takes place 
in an extremely short interval of time and that the actual 
distance travelled by the air in this time is not very 
great unless its velocity is high; hence the importance 
of encouraging the flashing to take place at the front 
rather than at the back of the commutator, and of 
‘concentrating the axial draught upon the commutator 
face by having a fairly narrow annular opening under 
the circumferential barrier at the back of the commu- 
tator, so as to obtain the greatest velocity possible over 
the commutator face. For the same reason, the barrier 
should ‘preferably have its iriner bore stream-lined so as 
to minimize the formation of eddies, and there should 
be ample space for the air to pass between the field 
coils so as to prevent it being choked at that point. In- 
cidentally, this space is invariably much less on the 
actual machine than is shown on the general arrange- 
ment drawing. 


HIGH-SPEED CIRCUIT BREAKERS. 


The high-speed circuit breaker assists the performance 
of the machine in two respects. If sufficiently rapid, it 
begins to open before a severe short-circuit has reached 
its maximum value. The rise of current is, however, 
so rapid in the case of a short-circuit in the neighbour- 
hood of the substation where there is, therefore, very 
little external reactance in circuit, that the advantage 
gained in this way is not as great as might be expected. 
Even if the maximum current is reduced by only 20 per 
cent, however, this feature is worth having. The more 
important feature of the high-speed breaker is, however, 
that it limits the duration of the flashing, and the total 
volume of vapour produced is therefore very much 
less than where low-speed breakers are used. 

Fig. 1 shows typical oscillograms of a short-circuit on 
a rotary convertor with a high-speed, and alternatively 
a low-speed, breaker in circuit. It is probable that the 
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Fic. 1.—Typical oscillograms of short-circuits with high- 
speed and low-speed breakers. 


quantity of vapour produced when operating with the 
low-speed breaker exceeds that produced when operating 
with the high-speed breaker by a much larger amount 
than is suggested by the respective areas of the two 
curves. | 

When fitted with an inductive shunt, a claim is 
frequently made for the high-speed breaker which is, 
the author thinks, untenable, at any rate for the usual 
heavy railway service. It is supposed to have a dis- 
criminating action and to be able to clear a short-circuit 
when the current reached is less than the ordinary 
overload tripping value, thus discriminating between 
faults and overloads. In practice, if the short-circuit 
occurs near the substation, the fault current is greatly 
in excess of the overload current and the discriminating 
feature does not have any opportunity to show itself. 
On the other hand, if the fault occurs at a considerable 
distance from the substation, the circuit, consisting of 
many miles of trolley wire and rail, has considerable 
reactance and the rate of growth of current is found to 
be of the same order as that which may occur with 
normal peak demands ftom the locomotives, so that 
discrimination cannot take place. The discriminating 
feature is, on the other hand, probably worth having on 
tramway systems and on dense suburban railway 
services, where the load has considerable diversity. It 
is on heavy railway work that it is practically useless, its 
only advantage being slightly to accelerate the moment 
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at which the switch first starts to open on a dead short- 
circuit. 

When high-speed breakers were first introduced they 
were used with limiting resistors in parallel and, on 
short-circuit, reduced the current to a figure of the 
order of twice full load, it being thought that a complete 
break was dangerous. Experience has shown that the 
fear was groundless. High-speed breakers were also 
originally used as machine breakers. 1t is now more 
usual to omit the limiting resistors and to install the 
high-speed breakers in the feeders, thus enabling a 
faulty section of track to be isolated without affecting 
the sound sections. 

An advantage of high-speed breakers which is perhaps 
not generally appreciated is that they prevent serious 
lightning trouble on the track equipment. Direct 
lightning strokes are so rare that they need not be 
considered. When they do occur, local breakdown, at 
any rate, probably cannot be prevented by any type of 
arrestor. The breakdowns which occur during thunder- 
storms are in almost all cases caused by surges set up by 
lightning strokes in the vicinity of the track which do 
not actually strike the equipment. The initial discharge, 
which amounts only to a relatively small number of 
coulombs, is practically harmless so long as it takes place 
over the surface of the insulators and does not pierce 
them, and this can be ensured by proper design of the 
insulators. The damage results from the great heat 
generated by the power arc which follows, and it has 
been found in practice that the high-speed breaker, 
by limiting the time during which the power arc persists, 
prevents any damage to the insulators in the great 
majority of cases. Even when it does occur, it is limited 
to slight chipping of the insulators, which does not put 
them out of commission. Other means must, of course, 
be taken to protect the apparatus in the substations and 
on the trains from the surges; and in this connection 
it is questionable whether any type of arrestor is more 
efficient for the protection of a substation than a length 
of metal-sheathed cable some 200 yards long for the 
positive feed, which converts a large proportion of the 
energy of the surges into heat. 

A number of different designs of highspeed breakers 
are now in use. They differ in detail, but most of them 
appear to be based on the following general features :— 


(1) A coil for a magnetic circuit which holds the 
breaker closed against the action of a spring or 
gravity. The coil is energized by direct current 
at as constant a voltage as possible. The 
calibration is effected either by a rheostat in 
series with the holding coil or by a mechanical 
device which alters the length of an air-gap in 
the magnetic circuit. 

(2) The use of the main current to divert the holding 
flux into a different path or set up an opposing 
pull which will overcome that of the holding 
coil, thus allowing the breaker to open when 
a certain value of main current is reached. 

(3) A minimum of mechanical movement of any part 
before the main contacts begin to open, and a 
reduction of the weight of all moving parts to 
the lowest practicable value. 


(4) A powerful magnetic blow-out. 
(5) A closing coil for electrical operation. 


It is obvious that if the main current circuit is shunted 
by reactance, a discriminating action will take place as 
between quickly and slowly growing overloads, and this 
feature is used by some makers, although, as stated 
earlier, its advantage in heavy traction work is doubtful. 

The principle can, however, be carried further, as is 
done in one well-known make where the diverting 
flux is produced by a fine-wire coil shunted across a large 
reactance, the blow-out winding being used for this 
purpose. With this alone the breaker would depend 
entirely upon the rate of growth of current and would 
not operate on slowly growing short-circuits. In order, 
therefore, to meet the case of a distant short-circuit 
when the reactance of trolley wire and track is sufficient 
to give relatively slow growth of current and also to 
make it operate on ordinary heavy overloads, a second 
fine-wire diverting coil is used which is energized from 
the battery or other constant source through an overload 


relay. 


Apart from the overload relay, this breaker requires 
no particular calibration and does not function in- 
correctly when the voltage of the holding-coil circuit 
varies over relatively wide limits. In practice the 
holding magnet is run at a density approaching satura- 
tion, which also tends to make it insensitive to voltage 
variation. 

This type of breaker is probably the quickest of. 
any, so long as its operation is due to the rate of growth 
of current, since on a short-circuit the diverting magneto- 
motive force reaches its maximum practically instan- 
taneously, probably before ordinary full load has been 
attained. On the other hand, its speed is determined 
by that of the overload relay on slowly growing short- 
circuits, and although this is perhaps of minor conse- 
quence in so far as the protection of the machine is 
concerned, since the slowly growing short-circuits are 
usually of relatively low value, it is a serious disadvan- 
tage in so far as the track insulators are concerned. In 
the event of lightning discharge it is likely that this 
type of breaker would clear the nearby substation 
quickly, but would not act with sufficient speed at the 
adjacent substations to prevent the power arc from 
destroying the track insulators. 

All other types of high-speed breaker in which the 
load current opposes the holding coil, either magnetically 
or mechanically, require definite calibration and are, to 
a greater or less degree, sensitive to variations in the 
voltage applied to the holding coil. 

The spring which opposes the holding magnet may be 
made powerful and be depended upon as the chief 
means of giving the quick break required, or a relatively 
weak spring or gravity effect can be used, and the main 
current itself can be utilized through magnetic attrac- 
tion or repulsion to supply the. bulk of the opening 
force. 

In an automatic substation the maintenance of 
a constant voltage for the excitation of the holding 
coils. presents difficulties and it is evident that, if a large 
proportion of the holding-coil ampere-turns are required 
for balancing the pull of a powerful spring, the calibra- 
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tion which depends on the remainder of the apere tunis 
will be extremely sensitive to voltage variation, especi- 
ally at the lower settings. On the other hand, if only a 
small proportion of the ampere-turns are required to 
balance the pull of a relatively weak spring or gravity 
effect, the bulk of the holding-coil ampere-turns are 
available for opposing the series aimpere-turns and the 
sensitivity to voltage variation will be very much 
less. 

It is frequently necessary to adopt quite accurate 
settings on feeder breakers, as the margin between the 
maximum peaks which may occur in ordinary service 
and the minimum fault current due to a track short- 
circuit at the other end of the section has often to be 
kept small for economic reasons. 

The variation in calibration is therefore a serious 
disadvantage, and this suggests that the use of the main 
current for opening the switch is preferable, but it must 
be remembered also that the powerful spring design 
gives a practically constant speed of opening by how- 
ever much or little the current exceeds the tripping 
value, whereas when the current is depended upon to 
effect the actual break the speed of opening will be 
a function of the current, and the action of the breaker 
may tend to be sluggish with currents which only 
slightly exceed the tripping value. Experience has 
yet to show which type is preferable. In both cases the 
calibration varies with the voltage of the holding-coil 
supply circuit, the variation being merely less in one 
than in the other. 

Only two sources of direct current for the holding coil 
circuits are available in the usual automatic substation, 
viz. battery or track. The voltage of the first varies 
with its condition of charge, and of the second with the 
loading conditions on the line. In neither case is it 
reasonably constant. The battery is more usually 
employed at present, but a supply from the track offers 
advantages and appears to be the only practicable 
arrangement where high-speed breakers are used as 
sectionalizing breakers at isolated points intermediate 
between substations, as is often desirable. 

It has sometimes been claimed that the reduced 
calibration of breakers energized from the track at 
times of heavy load is a desirable feature. This, how- 
ever, is not the case in railway work generally. It is 
just at times of maximum load, when the voltage-drop 
is greatest, that it may be particularly inconvenient 


for the circuit breakers to open at less than their usual 


settings. 

If the high-speed breaker holding-coils are energized 
from the track it is probably undesirable to apply the 
full line voltage to them, and a fairly high resistance 
should therefore be connected in series. The author 
suggests that makers of high-speed breakers should 
consider the practicability of using for this purpose 
series resistances composed of iron wire in an atmosphere 
of hydrogen. These resistances have been used for 


many years for various purposes, e.g. in connection. 


with electric signalling track-circuits. 

_ The characteristics of these resistances are such that 
an increase of voltage across their terminals of the order 
of 200 per cent results in an increase of current of the 
order of only, 10 per cent. In using such resistances it 


would be necessary, if a calibrating rheostat were used, to 


_ connect it in shunt across the holding coils instead of in 


series with it. It is clear that if a resistance of the type 
suggested is connected in series with a high-speed breaker 
holding-coil, it will have a very powerful stabilizing 
effect upon the holding current, depending upon the 
ratio of the normal voltage-drops across the resistance 
and the coil, The author suggests that in the case of a 
1 500-volt line about 1 200 volts should be absorbed by 
the resistance and 300 volts by the holding coil. Varia- 
tions in voltage on the line would then be very largely 
absorbed by the resistance, the voltage across the holding 
coil remaining nearly constant. 

The life and reliability of such resistances are pre- 
sumably a function of the maximum temperature to 
which they are run, and as a voltage variation of 3 to 1 
would never be reached they should prove much longer- 
lived than when used for track-circuiting. 

The device would obviously ‘also be specially suitable 
at sectionalizing points between substations, where the 
d.c. line is the only practicable source of supply, and 
the voltage variation is much greater than at the 
substations, especially when regenerative braking is 
in use. 

It is probable that this device would be sufficiently 
effective to discount the advantage which the weak 
spring or gravity control appears to have at present. 

The same device could be used to stabilize the current 
in high-speed breakers operated from a battery, but in 
order to get any substantial stabilizing effect it would 
be necessary for the resistance to absorb a large propor- 
tion of the voltage, which means that the total watts in 
the holding circuit would be increased, say 4 or 5 times. 
This entails a considerable increase in the load on the 
battery and it therefore appears that the use of the iron- 
wire resistance as a stabilizing device on battery-operated 
circuit breakers would be feasible only when the design 
of the high-speed breaker is such that the holding-coil 
watts are already very low. Assuming, for instance, 
that the battery voltage is 100 and that the stabilizing 
resistance is designed under normal conditions to absorb 
80 volts, leaving only 20 across the holding coil, and 
assuming also that the watts required by the holding 
coil are 20, the total load on the battery would be 100 
watts per breaker, which is not excessive and is, in fact, 
less than that required by some makes of breaker without 
series resistance. The various designs differ consider- 
ably in this respect. 

The term “ high-speed breaker ” is rather a misnomer. 
This type of breaker is more remarkable for the very 
short time-interval before it starts to break than for the 
high speed at which it actually breaks the current, al- 
though with the powerful blow-out arrangements which 
are fitted on most high-speed breakers they are fairly 
rapid in this respect also. In general, oscillograms of 
rotary convertors under short-circuit conditions with 
high-speed breakers in circuit show that the rate of fall 
of current on the breaker opening is not quite as rapid 
as the rate of growth when a dead short-circuit without 
appreciable external reactance is applied. Probably a- 
rate of break greater than the maximum rate of growth 
is definitely undesirable and ire too Poweria a 
blow-out effect. 
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RoTARY-CONVERTOR FIELD WINDINGS. 


In railway service, shunt and compound rotary con- 
vertors are both possible. There are arguments for 
both, and to some extent the special conditions of the 
particular railway service may be a deciding factor. 
It is not proposed to discuss the pros and cons in this 
paper. The shunt rotary convertor has, however, the 
obvious advantage of tending to distribute the load 
between the various substations, although the same 
object may be attained with a compound rotary con- 
vertor by arranging for it to have a drooping character- 
istic after a certain load is reached. On the whole, the 
latter system gives the better regulation. The question 
whether the substation is automatically or manually 
operated has not much bearing on the decision, although 
automatic regulation, as between substation and sub- 
station, is more important with automatically operated 
substations. 

The objection is sometimes raised to the high speed of 
break on a high-speed breaker that it tends to set up 
undesirable voltage-rises across the windings. As seen 
above, however, the rate of decrease of current should 
be less than the rate of growth under short-circuit, and 
the latter may therefore be considered to be the limiting 
condition. When a heavy short-circuit occurs, the 
chief reactance in the circuit which resists the instan- 
taneous growth of the current, more especially in the 
case of a compound machine, is that of the various 
series windings, and on short-circuit some 80 per cent, 
or even more, of the line voltage may be instantaneously 
applied across the terminals of the series windings, 
although under normal conditions of peak overload 
they dre only subject to an ZR drop which is a small 
fraction of this. 

The various series windings are usually connected 
on the negative side of the machine and, under normal 
conditions, are subject only to a small potential difference 
across them or to earth, but for the above reason it is 
important that they should be insulated from earth and 
between the various portions of the windings where they 
happen to be close together, just as thoroughly as though 
they were connected to the positive side, and they should 
be subject to the same test-voltages. Further, it would 
seem advisable to impose a standard over-potential test 
of some minutes’ duration from end to end of these 


windings before leaving the works. It does not seem to 


be sufficient to rely upon the instantaneous application 
of high voltage which occurs when short-circuits are 
put upon the machine on the test bed. The author 
suggests that these over-voltage tests, which should be 
at least 50 per cent above the working pressure, 
might possibly be applied by means of high-frequency 
current. 


MACHINE OUTPUT AND AMBIENT TEMPERATURE. 


In the ordinary manual substation of the past, 
machines have been run with an eye on the ammeter, 
the operator knowing the capacity of the machine for 
carrying continuous and intermittent loads. In prob- 
ably very few cases have operators been instructed to 
take into account the greater capacity of a machine in 
winter than in summer. In other words, the machines 


have been run on the basis of a limiting temperature-rise 
and not of a limiting final temperature. There is 
probably a good deal of justification for this, seeing that 
the temperature inside a manually operated substation 
does not vary anything like that of the outside air, as 
the operators utilize windows and doors so as to maintain 
a temperature which is comfortable to them. 

In the automatic substation we have entirely different 
conditions. The machines have to operate with some 
automatic thermal device which is supposed to cut them 
out when they attain a certain limiting temperature. 
They are, therefore, now working to a definite tempera- 
ture limit and not to a temperature-rise limit. 

The machine temperatures referred to, in so far as 
the armature is concerned, are those indicated by 
thermometers applied after shutting down, due allow- 
ance being made for the cooling during the interval 
between cutting off the current and reading the thermo- 
meter. They thus represent the maximum temperatures 
which the armature would have reached, in the absence 
of internal temperature gradients. These temperatures 
are referred to in this paper as ‘‘ mean ” temperatures. 
They are much lower in value than the maximum 
armature-conductor temperatures which occur under 
load. These mean temperatures are a somewhat 
artificial basis on which to work, but present practice 
is based mainly upon them. 

The substation temperature may, in the absence of 
internal heat generation, be assumed to alter over the 
same range as that of the outside air, taking into account, 
of course, its own heating time-constant and the fact 
that it will not immediately respond to rapid external 
changes. 

Taking typical figures, let it be assumed that the 
thermal relay is designed to cut out a machine when its 
armature attains a mean temperature of 95° C., and also 
assume that the outside air temperature varies between 
winter and summer from 0°C. to 40°C. It is evident 
that with these ambient temperatures the available 
output of the machine, which is a function of the tem- 
perature-rise, will be considerably greater in winter than 
in summer. This cannot be avoided unless artificial 
cooling of the air is adopted in the hot weather, either 
by water or by a refrigerating plant, the latter hardly 
appearing to be a practicable suggestion at present. 

Ignoring artificial cooling, the machine will presum- 
ably have been designed on the basis of an ambient 
temperature corresponding to summer conditions, i.e. 
40° C., so that the permissible temperature-rise will 
be 55 deg. C. This will probably correspond to a. 
continuous overload of about 25 per cent, as the actual 
size of a traction rotary convertor is usually determined. 
by peak overloads, specified to be carried after the 
machine has reached its steady temperature at nominal. 
full load. 

It should be noted here that although an automatically 
controlled rotary convertor is sold for a given nominal. 
output, the machine will, in service, be operated up to 
the limit allowed by the automatic cut-off, and the 
rating of the machine is of little direct interest to the 
operators. It represents the approximate R.M.S. load- 
ing estimated when the machine was ordered, and this. 
may, as the service develops, grow substantially more 
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quickly than the peak overloads, owing to the greater 
diversity of a more frequent service. 

There are special cases where the peak overloads 
specified are so stringent, as compared with the nominal 
output, that the rotary convertor is actually capable of 
carrying overloads up.to, say, 75 to 100 per cent con- 
tinuously, without passing the temperature limit. In 
such cases the thermal trip on the transformer will 
become the limiting factor for relatively steady-load 
conditions. The time-constant of a transformer is, of 
course, very much greater than that of a rotary-convertor 
armature, especially where the transformer is naturally 
cooled by convection and radiation. 

Reverting to the more typical case, three conditions 
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of running may be considered, all of which reach the 
same upper limit of mean armature temperature-rise :— 


(A) A constantly varying load, including frequent 
heavy peaks, the R.M.S. value of the load over, 
say, 2 hours being equal to the nominal rating. 

(B) A steady load at the nominal rating of sufficient 
duration to allow the temperature to attain a 
steady value, followed by a heavy peak of short 
duration which represents the maximum with 
which the machine should be capable of dealing 
in service. 

(C) An approximately steady continuous load about 
25 per cent in excess of the nominal rating. 


These conditions are indicated in Fig. 2. 

Condition (A) is that actually met with in typical 
service. 

Condition (B) is that adopted for specifying the output 
and for test-runs. More than one of these conditions 
may be specified, one including a moderate peak of 
relatively long duration and the other an extreme peak 
of a few seconds’ duration. 

Condition (C) probably seldom occurs in service but 
is the simplest case to take when considering the effect 
of ambient temperature, the general conclusions not 
being appreciably affected by so doing. 

The parts of the rotary convertor with which we are 
particularly concerned from the point of view of damage 
which may be sustained by overheating are the armature 
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bars adjacent to the tapping connections, so that we 
may limit our consideration to the armature proper, 
excluding the commutator. 

The proportion which the fixed losses in the armature 
bear to its total losses on 25 per cent overload doubtless 
varies in different designs, but the author understands 
that a figure of 54 per cent, which is taken from an 
actual case, is fairly typical. The losses taken into 
account are the iron loss and the armature PR and 
incremental loss, corresponding to a current which is 
assumed to be 40 per cent of that at the nominal rating 
when running light, and 25 per cent in excess of it when 
running at 25 per cent overload. 

Taking the above proportion, about 30 deg. C. rise is 
accounted for by the fixed losses and 25 deg. C. by the 
variable losses, and these figures may be taken as being 
the same under conditions (A) and (B) also. 

Consider now what happens inside the substation 
when a large traction rotary-convertor set is running. 
Assume a set of 2 000 kW nominal rating running con- 
tinuously on a load which has an R.M.S. value equal to 
the nominal rating. Its efficiency may be assumed to 
be 94 per cent. The losses will then be 120 kW. Such 
a set takes up relatively little space, so that the propor- 
tion of the substation building which it occupies will be 
of relatively small dimensions. 

We have here the equivalent of 60 2-kW radiators 
burning continuously, and this, with the rather indifferent 
natural ventilation which generally obtains, can easily 
raise the air temperature 15 deg. C. above that of the 
outside air. Greater temperature-rises than this have 
actually been experienced. The indifferent natural 
ventilation is largely due to precautions taken to exclude 
rain under the worst possible weather conditions, to 
prevent the ingress of vermin and insects, and, in 
residential districts, to muffle sound. These precautions 
lead to tortuous air passages and the use of grids and 
wire gauze, all of which offer considerable resistance to 
the movement of the air. 

Assuming that the substation air temperature rises 
to 15 deg. C. above that of the outside air, this gives an 
actual summer air temperature inside the substation of 
55° C., leaving a range of 40 deg. C. before the thermal 
relay operates. Of this 40 deg. C. some 30 deg. C. are, 
as we have seen, absorbed by the no-load losses, leaving 
only 10 deg. C. available for the variable losses. This 
corresponds to only 63 per cent of the 25 per cent over- 
load rating, a reduction of nearly 1000kW. This 
reduction in output is due entirely to trying to cool the 
set with warm substation air instead of with the cooler 
external air. 

It is, of course, realized that the above is an extreme 
figure which will only occur during the hottest weather, 
but over the whole warm period of the year there will 
be a quite serious, though smaller, limitation of the 
output of the set. A somewhat greater difference 
between the air temperature inside and outside the 
building would absorb the whole of the temperature 
range available for the fixed losses, leaving nothing 
for the variable losses, and the thermal relay, if designed 
to reproduce the mean temperature conditions of the 
armature, would operate after a few hours’ run on no 
load. 
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These figures indicate the importance. of keeping down 
the ambient temperature, since every degree by which 
the true ambient temperature is above that of the 
outside air means a serious limitation to the output. of 
the machine. 

It is evident that means should be taken to provide 
for the machine being cooled by air which enters from 
outside and has mot previously circulated round the 
substation. It is not sufficient to leave a hole under 
the machine communicating with the outside air via the 
basement, as the head due to temperature differences is 
relatively small and can be more than counterbalanced 
by cross or downward draughts set up by the rotation 
of the armature. It is, in fact, quite possible under 
these conditions to get a downward motion of air through 
the hole in the floor in opposition to the head due to 
temperature differences. 

The only satisfactory method, therefore, appears to 
be to suck the air into the machine through a duct 
leading from outside the substation. The blowing of 
air axially over the commutator is, as pointed out earlier, 
one of the desirable features in a modern traction rotary 
convertor, and the obvious course therefore seems to be 
to combine the two by fitting a fan to the back of the 
armature, the back end of the frame being cased in and 
cowled with a duct to the basement. With this arrange- 
ment the air in the substation is forcibly changed, the 
whole of it passing through the machine and axially 
across the commutator, and leaving the substation 
through ventilating openings in walls or roof. 

The power absorbed by the fan is small and there 
should be credited against it the reduction of I?R losses 
due to the lower temperature of the copper. This effect 
is more marked in the case of motor-generators than 
with rotary convertors, as the former have higher 
losses and in their case the net result may be an actual 
saving. 

It therefore appears that the installation of positive 
ventilation is necessary if the substation is to be operated 
automatically, unless machines are installed which are 
designed for the higher ambient temperature and are, 
therefore, far too big for their normal operation, and 
only work at their maximum capacity during the hat 
season, after the substation has been on heavy load for 
a sufficient number of hours to get heated up to its 
maximum temperature. 

In the design of the substation it is desirable to have 
separate air trunks for each set, each leading to the 
outside air at points well distant from each - other. 
If this is not done and a common inlet duct is used, there 
is a tendency, with forced ventilation, for air to be 
blown backwards through any standing machines into 
the common duct and thus circulate continuously instead 
of passing out of the substation. This could obviously 
be prevented by automatic dampers which only open 
when the machine is running, but it seems preferable 
to avoid the extra complication and install separate 
ducts. 

The amount of air forced into the substation should 
be of the order of 150 to 200 cub. ft. per min. per kW 
of loss. A 2000-kW unit consisting of two 1 000-kW 
machines with an overall efficiency (including indoor 
transformers) of 94 per cent should therefore have 


9 000 to 12 000 cub. ft. of air per min. passed through 
each machine. 

It is interesting to note that if the annular space 
round the commutator has an area of 3 sq. ft. (which is 
fairly typical for this size of machine) an initial axial air 
velocity along the commutator surface of from 50 to 
67 ft. per sec. results, corresponding to a travel of from 
6 to 8 inches in 0-01 sec., which appears to be of the 
right order from the point of view of the prevention of 
flash-over. The air will, however, spread and will not 
maintain this velocity up to the front end of the com- 
mutator, and the author thinks that a somewhat greater 
initial air velocity may be found to be desirable. 


AIR FILTERS. 


In many countries the effect of forced ventilation 
is to carry with it a large amount of dust, especially 
so in countries where sandstorms occur. Experience 
indicates that the adoption of forced ventilation in such 
couhtries is impracticable unless combined with an air 
filter, as the deposition of dust is particularly objection- 
able in an automatic substation which is only visited at 
relatively long intervals by a maintenance man for 
cleaning purposes. It is, in fact, questionable whether 
the use of air filters is not desirable in every. climate in 
the world, unless the automatic gear is designed more 
carefully than it is now, with a view to operating even 
in a dust storm. In any case, it is undesirable to blow 
this dust through the machines. 

The oil-film type of filter is most in favour, as it can 
be used anywhere regardless of water supply, and, as the 
oil used has a high flash-point, being generally similar 
in type to a heavy lubricating oil, fire risk is probably 
non-existent unless the dust in the air is of an inflammable 
nature, such as cotton fluff. The alternative is a wet 
air filter which eliminates all fire risk, whatever the nature 
of the dirt, and has the further advantage of cooling the 
air before it passes into the machine. The cost of its 
adoption will obviously largely depend on the availability 
of water supply, and in some localities it would probably 
be impracticable to adopt it. 

Where the water supply comes from an underground 
pipe system, its temperature will be much less than the 
summer day temperature of the air, and a certain 
amount of cooling will be effected by direct contact. 
The greater part of the cooling will, however, be due to 
evaporation, and the amount of cooling will therefore 
be a function of the humidity of the air. The author 
believes that if any substantial cooling effect is to be 
produced it would require a much larger plant than 
would be necessary for filtering only, and that the 
cooling effect will, in any case, be variable. With wet 
air filters the air is apt to carry spray, and, whilst this 
might do little harm to a hot machine, although it is 
undesirable, it is definitely dangerous when the machine 
is cold. It frequently happens on a traction scheme 
that a machine may for some years be run light or only 
for short periods every day and, therefore, never get 
really hot. If, therefore, a wet air filter is used, elimi-. 
nating baffles or a large settling chamber through 
which the air passes at low velocity should be installed 
between the filter and the machine. 

It wilt thus be seen that there are certain difficulties 
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in the adoption of the wet air filter, even where an ample 
and cheap water supply is available, although to the 
extent that it is able to cool the incoming air it is cer- 
tainly attractive in hot climates. 

Another alternative is the use of an oil-film filter, and 
a separate surface air cooler with water circulation 
interposed between the filter and the machine. This, 
depending on conduction only, would give more constant 
results and prevent the deposition of moisture on the 
windings, but the arrangement would be rather costly. 


Roor VENTILATORS. 


The proper design of the outlets for the ventilating 
air at the top of the substation is important. They 
may be made in the substation wall immediately under 
the roof, or may take the form of a louvred lantern on the 
roof, or barrel-shaped ventilators at intervals along the 
roof. They should preferably be so disposed that any 


Fic. 3.—Suggested design for vertically: louvred roof 
ventilator, 


leakage of water will not fall on electrical machinery, 
but should in any case be so designed that rain cannot 
enter under the worst hurricane conditions, either by 
driving through or splashing up off the roof. The 
substation windows, if any, should not be provided with 
means of opening. In a manual substation leakage 
during exceptional weather can be dealt with by tem- 
porary means or, at the worst, the set threatened can 
be shut down. In an automatic substation no warning 
will be given before breakdown occurs. The importance 
of this point and the difficulty in meeting it is accen- 
tuated when forced ventilation is adopted on the scale 
recommended above, owing to the large outlet area 
necessary. 

Horizontal louvres designed on the assumption that 
rain will not strike the ventilator at a flatter angle than 


45” are entirely insufficient unless protected by screens. 
In practice, the author: 
believes that vertical louvres of the type illustrated in 


to break the force of the wind. 


Fig. 3 are the best. . They should be of stout material 
and the gutter at the base should be of ample size, well 


drained and so constructed that it is unlikely to develop 
leaks. The whole louvre system should be raised well 
above any roof or sill on which heavy rain can splash 
or on which dust or sand is likely to collect. Even with 
this design, however, it is improbable that snow can be 
entirely excluded, especially when the substation is. 
shut down and the forced draught is therefore not 
working. 

Whilst the design suggested above is probably the 
most efficient for fixed ventilators, a row of pivoted 
cowls would be still more efficient for preventing the 
entry of rain, snow or sand. They would have to be 
very carefully and strongly designed in view of their 
relatively large size, but they could be mounted upon 
the substation roof direct and would probably be cheaper 
than a clerestory roof with louvres along each side. 

In many countries where insect life abounds, the 
protection of the openings so as to exclude insects has 
also to be considered. Wire gauze, even of fairly large 
mesh, offers great obstruction and, if used, its total 
area should be as large as possible. It is perhaps 
questionable whether any attempt should be made to 
exclude insects, attention being instead focused on so 
designing the whole of the electrical plant that they 
can do no harm. 

It should be observed that the fans and filters together 
may be considered perfectly efficient insect traps, in 
so far as the main inlets are concerned, but it is probably 
impossible to prevent insects entering the basement or 
the substation proper through cracks round doors, etc. 


ARMATURE VENTILATION. 


If the fan at the rear end of the armature is of larger 
diameter than the armature core it may, and probably 
will, cause a considerable reduction in the amount of 
air passing through the radial core-ventilating spaces 
which virtually form another centrifugal fan in parallel. 
For this reason the fan at the rear end should, with the 
ordinary method of ventilation, be made of somewhat 
smaller diameter than the armature. 

It seems desirable, however, if forced ventilation is 
adopted, to reconsider the whole method of ventilating 
the armature core. It is recognized that the thermal 
conductivity of the core plates is much greater in a 
radial or circumferential than in an axial direction, due 
to the insulating material between thelaminz. Further, 
the IZR losses in a rotary-convertor armature are not 
equally distributed amongst the conductors and certain 
slots carry heavier J*R losses than others. 

These considerations suggest that if forced ventilation, 
by means of a rear fan, is adopted, the armature core 
should be built without the usual radial ventilation ducts 
and that the ventilation should instead be effected 
through axial holes in the core which could be-so distri- 
buted as to be immediately below these slots in which 
the IZR losses are a maximum. At the rear ends these 
holes could connect through cored holes in the end 
castings with certain fan blades or groups of blades, the 
shrouding of which would be so brought down as to 
cover the ends of the holes. With this design the air 
which enters by the cowl at the rear end of the machine 
would divide into two portions, one portion passing 


. through the spider under the core and back again to 
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the rear-end fan through the axial ventilating holes in 
the armature core, and the other portion passing directly 
into those fan blades which were not shrouded round 
the holes. This arrangement would shorten and prob- 
ably cheapen the machine by.saving the space usually 
taken by radial ventilating ducts. 


GENERAL DESIGN OF MACHINE. 

In considering the general design of rotary convertors, 
it seems to the author somewhat remarkable that none 
of the leading makers has developed an overhung 
vertical design of machine with a central bearing and 
a steadying thrust bearing below, the slip-rings and 
pony motor (if any) being between the two bearings. 
This would produce a very compact design, the magnet 
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Fic. 4.—Suggested design of vertical rotary convertor. 


ring resting on the substation floor and the slip-rings 
and pony motor being in the basement. The accumula- 
tion of conducting vapour such as is now liable to occur 
in the pit under the commutator would be impossible, 
there being in the suggested design a free upward path 
for all conducting vapours. There would be no pedestal 
or bedplate to protect and cover with non-conducting 
material, such as is now required. A machine built on 
these lines would appear to be substantially superior 
to present designs in so far as withstanding the effects 
of short-circuits is concerned. 

The large commutator would enable an umbrella- 
shaped spider to be adopted. Its boss on the shaft 
would be level with the commutator and would thus 
allow the main bearing to be nearly centrally placed 
inside the armature core, with little overhang. In fact, 
it should be possible so to design the machine that the 


centre of gravity of the core and commutator falls well 
within the upper bearing and that the centre of gravity 
of the whole rotating mass, including slip-rings and 
pony motor, falls below it. Fig. 4 shows a rough design 
of such a machine, whilst Fig. 5 shows the suggested 
design of the fan. It will be noted that a small portion 
of the fan circumference communicates with the axial 
armature vents. On a 10-pole machine there will be 
30 of these axial vents, corresponding to the 30 tapping 


‘points on the armature. 


It will be seen from Fig. 4 that it is proposed to 
take the tapping points from the front end of the com- 
mutator, and thence through the hollow shaft to the 
slip-rings. This arrangement of the tapping leads 
would result in a small reduction in the maximum 
temperature reached by the conductors adjacent to the 
tapping points, as compared with the more usual con- 
struction where the tappings are taken from the back 
end of the armature, since in the proposed design a small 
portion of the current will flow directly from the slip-rings 
to the brushes without passing through any part of the 
windings at the moment when the current is at a maxi- 
mum in that portion of the armature. 

The design shown is self-contained with a cylindrical 
welded steel sub-frame which would act as a form for 


Fic. 5.—Proposed design of fan impellor for axially-ventilated 
armature. 


the concrete and ensure proper alignment on erection 
and, with the addition of temporary props, would enable 
the complete machine to be tested at the works before 
dispatch. This construction, with the sub-frame in one 
piece, would be costly in freight and some modifications 
in the design would probably be desirable for overseas 
deliveries. 

It is perhaps questionable whether a rigid connection 
between the magnet ring and the two bearings is really 
necessary and whether sole-plates grouted into the 
concrete would not suffice. This would cheapen the 
machine proper, but, on the other hand, would increase 
the cost of works test and site erection. 

As regards bearings, the upper would probably be of 
the roller type with grease lubrication, whilst the foot- 
step bearing could be of the oil-pressure type, as has 
been used on the Curtis turbine and elsewhere. 

The design shown includes a pony motor, but not an 
exciter. If the latter is required, it could be designed 
of the short, large-diameter type and supported above 
the pony motor, entailing a yery small increase in overall 
height, especially if a radial commutator be used. 

The stream-lined annular baffle below the commutator 
is composed of a number of moulded segments of non- 
conducting material flush with and butting against the 


. insulation behind the brush arms, being bolted to the 


rocker ring face between the brush arms. The remainder - 
of the baffle gear is self-contained and is composed of a 
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number of radial plates attached to a supporting cylinder, 
all of some non-conducting and flame-proof material. 
The whole arrangement would require no fixing and 
would merely rest on the annular baffle, being lifted off 
as one piece when so desired for brush adjustments, etc. 
The radial plates register at the bottom end between 
strips fixed to the moulded annular baffle segments. 


THERMAL RELAYS. 


The temperature-rise and the heating time-constants 
for the various parts of a rotary convertor are not the 
same. The armature is the portion which particularly 
requires protection, being subject to the greatest tem- 
perature-rise and having the shortest time-constant. A 
thermal device attached to anv part of the field system 
would therefore be useless. 

It has not hitherto been considered practicable to 
operate a thermal device directly from the armature. 
In practice, therefore, a thermal relay has been used 
which takes the form of a separate piece of apparatus 
purporting to be so designed that its heating and cooling 
behaviour is as nearly as possible identical with that of 
the armature as a whole. 

It seems obvious that, to function properly, it is 
necessary that the thermal relay should possess the 
following features :— 


(1) The relay should be subject to the same ambient 
temperature as the machine. 

(2) It should have, as nearly as possible, the same 
heating time-constant as the machine armature 
and vary through the same range of temperature. 

(3) The relay should imitate the mean heating of ihe 
armature under all conditions of load, as also 
the cooling, whether running or standing. 


Unless all these features are present, the relay cannot 
operate so as to cut the machine off at constant mean 
armature temperature under varying ambient tempera- 
ture and different conditions of operation. 

The thermal relays which have hitherto been used are 
single-element, i.e. they have been heated only by the 
load current. Some oí them have been operated by 
the direct current, the relay being connected across a 
shunt, but more frequently alternating current has been 
used through the medium of a current transformer. As 
a variant of the latter, a relay has been designed con- 
sisting of a mass of solid iron surrounding one of the 
main a.c. connections, the heat being generated in this 
mass of iron directly and obviating the necessity for any 
separate current transformer. 

In the type of relay operated by alternating current 
a small amount of heating takes place when the rotary 
convertor is running light, owing to the relatively large 
wattless current which circulates, but the heating is 
generally less than 10 per cent of the total full-load 
heating, whilst in the case of the relay operated by 
direct current there is no heating whatever when the 
machine is running light. 

The no-load losses in the machine will, in an average 
case, account for some 50 per cent of the total tempera- 
ture-rise. If, therefore, the machine runs light for any 
length of time, it will rise to about half its final 
temperature-rise, whilst the relay, if of the d.c. type, 


will not rise at all and, if of the a.c. type, will only rise 
through some:10 per cent of its range. If load be now 


applied, it is clear that the relay and the machine start 


heating from widely different initial temperatures and 
either (a) the relay will allow the machine to overheat 
before it cuts it off, or (b) if designed to meet this con- 
dition it will cut the machine off before it has reached 
the limiting temperature when the machine is started 
up cold and load immediately applied. 

There appears to be no reason why double-element 
thermal relays should not be designed, one section of 
which would be heated from a potential transformer to 
represent the armature iron loss and the other (which 
would be of smaller mass) from a current transformer to 
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Fic. 6.—Diagrammatic view of suggested double-element 
thermal relay. 


A = thermometric device. 

B = layer of material of poor heat conductivity. 
C = mass of large heat capacity. 

D = mass of small heat capacity. 


represent the IZR and incremental iron losses. This 
arrangement would have two advantages :— 


(1) It would imitate the general heating of the arma- 
ture under varying ambient and running 
conditions more nearly than any single-element 
arrangement could do. 

(2) If the two elements are separated by a poorly 
conducting medium and the thermometric device 
is carried by the current-heated element, the 
arrangement will also tend to imitate the local 
conditions which obtain in the armature when 
heavy overloads occur and large temperature 
gradients exist across the slot insulation. 


Fig. 6 shows such a double-element relay diagram- 
matically. 

The case referred to earlier, in which the peak overload 
conditions are so stringent that the rotary convertor is 
capable of dealing with a continuous 75 to 100 per cent 
overload, is special, and the disadvantage of the single- 
element relay is there much less marked. It is unlikely 
in such a case that the rotary-convertor thermal relay 
will, in practice, ever operate on anything approaching 
steady loads. At some continuous overload, considerably 
less than 75 per cent, the thermal trip on the transformer 
would operate. It is possible under these conditions to 
design a single-element relay which will give a very fair 
approximation to the operation of a double-element relay 
at the peak overloads, since the light-running losses 
represent a smaller proportion of the whole. If, however, 
a double-element relay were developed to deal correctly 
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with the more normal case where the peak overload 
requirements are not so stringent, it would also give 
somewhat better control in the special case. 

The time-constant of a rotary-convertor armature 
varies inversely with its rate of dissipating heat and is, 
therefore, much greater when it is standing than when 
it is running—probably two to three times as great. 
A thermal relay mounted externally to the machine has, 
as at present designed, a fixed time-constant corre- 
sponding to that of the running armature. If, therefore, 
when armature and relay are hot, the machine is shut 
down and allowed to stand for, say, half an hour and 
then started again and put on load, the relay will restart 
nearly cold, whilst the armature will still be at a rela- 
tively high temperature. This source of error would be 


- removed by decreasing the ventilation of the relay or 


its radiating surface when the machine is standing. 
At first sight it might seem to suffice to mount the relay 
in the air trunk exposed to the draught set up by the 
machine, when the latter has forced ventilation, but the 
difficulty of calibrating the relay under a strong draught 
and of being sure that the laboratory draught conditions 
would be repeated on site appear to be insurmountable. 
The enclosure of the relay in a case connected by a pipe 
to the space at the back end of the machine into which 
the fan delivers has been proposed by the British 
Thomson-Houston Co. and is probably the best solution, 
as the air pressure, and therefore the flow through the 
relay case, should be substantially constant whenever 
the machine is running. It will also tend to compensate 
for reduced armature ventilation in the event of the air 
filter becoming badly clogged with dirt. 

It therefore appears that it is only by the use of a 
double-element relay with potential and current trans- 
foriners, and by the addition of some device for reducing 
the rate of heat dissipation of the relay when the 
machine is standing, that a faithful reproduction of the 
mean armature temperature can be obtained. Such 
an arrangement would not only be expensive and com- 
plicated, but would require costly calibration, this being 
an objectionable feature of all separate relays, as tests 
of rates of heating and cooling are protracted and 
require a good deal of repetition before fair average 
results are obtained. 

The author suggests that the use of a separate relay 
is fundamentally wrong and that the automatic trip 
should be operated direct from the armature. He 
further suggests an arrangement which appears to meet 
the requirements, in which thermo-junctions in the 
armature operate a relay on an extension of the 
armature shaft. The relay is contained in a case 
which also accommodates the cold junctions, and the 
mechanism is so compensated as to operate at a definite 
absolute temperature, instead of at a definite difference 
of temperature between the hot and cold junctions, by 
using a bimetallic strip to vary the tension of the control 
spring, on the principle of Darling’s compensator. The 
bimetallic strip can be designed not only to compensate 
for the varying temperature of the cold junction, but 
also for the change in the resistance of the relay winding 
as the temperature varies. 

The advantage of this arrangement is that it allows 
a large number of thermo-couples to be connected in 
series so that a relatively large force can be obtained. 


It is proposed that the relay should operate on hot- 
spot temperature and that the thermo-couples should 
therefore be placed between the top and bottom con- 
ductors in each of the slots which contain tapping 
conductors. There might thus be 30 of these thermo- 
couples connected in series. | 

The relatively low voltage set up by thermo-couples, 
even with a number in series, renders impracticable 
the use of rubbing contacts through slip-rings, but in 
the proposed design the thermo-couple current is 
confined to the rotating parts, the relay closing a contact 
in an independent circuit at, say, 110 volts. This 
current is led into the apparatus by two slip-rings, so 
that the operation of the rotating relay energizes an 
external relay which in turn operates the actual tripping 
gear. This external relay may, if desired, be fitted with 
a small time-lag. 

The apparatus must, of course, be designed con- 
centrically so that the centrifugal force shall have no 
appreciable effect. The device, which is applicable to 
any form of rotating machinery, is illustrated in Fig. 7. 

In order to obtain a reasonable force, the thermo- 
couple leads must be made of ample cross-section and 
the relay of fairly generous proportions, and the travel 
of its armature must be kept small. In an actual case 
which has been worked out in detail, a relay magnet 
about 7 in. long and 7 in. overall diameter gives a pull 
of about 2 oz. when the hot junctions are at 150° C. 
and the cold at 50° C., which is assumed to be the 
maximum cold-junction temperature likely to be 
experienced. At all lower cold-junction temperatures 
the pull would be greater. 

The outer casing, which carries the slip-rings for the 
control circuit, can also contain the usual centrifugal 
overspeed device, and, if desired, a slight addition can 
be made to it so that it will force the relay armature off 
the magnet face when the machine slows down, and 
thus give a resetting arrangement. This will probably 
be necessary, as it is doubtful whether the magnetic 
circuit of the relay can be so designed as to ensure the 
release of the relay- armature, when the hot junctions 
cool down, without some assistance. 

The same external relay can be used for both the over- 
speed and the overheating trips, in which case no 
additional slip-rings are required, or, if preferred, a third 
ring can be added and two external relays used. 

The relay shown in Fig. 7 has no provision for giving 
a warning signal at some temperature slightly less 
than that at which the trip takes place. It does not 
seem to be impossible to arrange for this, but the size 
of the relay would have to be increased and it is admit- 
tedly rather more difficult to embody than in the case 
of the independent relay. It is perhaps questionable, 
however, whether a warning given over the supervisory 
system to the control engineer, before tripping takes 
place, is really a necessity. It is probably no advantage 
in single-unit substations. 

It should be noted that a hot-spot temperature of 
150° C. is suggested. This is tentative, and the views of 
designers on the actual figure which can be safely 
adopted with mica-insulated armatures will be of great 
interest. It must also be noted that if designers are 
willing to guarantee a machine automatically controlled 
so as to operate up to some definite limit of hot-spot 
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-temperature (even if somewhat less than 150°C.), in 
place of a limiting mean temperature as shown by a 
-thermometer after the armature has come to rest, the 
results are rather far-reaching. | 

The arguments used earlier in connection with the 
effect of ambient temperature on the permissible output 
lose much of their force, as the range of variation of 
ambient temperature will be much less when expressed 
as a percentage of the maximum internal temperature- 
rise. It is, however, desirable from many other points 
of view to keep the substation cool. 

Then, again, on steady loads up to the limiting hot- 
spot temperature the ordinary thermometer test would 
show a higher temperature than is now allowed, whilst on 
a sufficiently peaked load the reverse would be the case. 

Another point of difference is that after tripping off 
at the limiting hot-spot temperature the gradient across 
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Fic. 7.—Suggested design of rotary thermal relay. 


A = cold oe ons surrounding solenoid. 
B = soft-iron armature. 
= aluminium armature support. 
D = adjustable back stop. l 
E = bimetallic strip. 
F = insulating ring forming fulcrum for 110-volt contact springs. 
E pe Z Toney Convio shalt, Taki TATE PE 
= 3 or 4 resetting pieces interspace ugs, tb ring 
actuated by centrifugal device (not shown). 


the conductor insulation will rapidly disappear, so that 
the machine can be restarted almost immediately and 
will remain in service if the load is sufficiently reduced, 
as, for instance, by the starting-up of a second machine. 
This is not the case when mean armature temperatures 
are made the basis of operation. 

Working to a real instead of a mean temperature 
limit seems to be scientifically correct, as it is the real 
factor which determines the life of the armature. Is it 
too revolutionary ? It is certainly impossible in practice 
unless a reliable armature hot-spot temperature trip can 
be developed either on the lines suggested above or by 
some equivalent means. 

If the difficulties of calibration and complication can 
be surmounted, the double-element independent relay 
with two rates of heat dissipation, suggested earlier, is a 
possible alternative device for this purpose. It would 
have to be so designed that the smaller mass (current- 
heated) is surrounded by the larger mass (potential- 
heated) and that the operating temperature of the 
thermometric tripping device attached to the inner 
portion is raised.to 150°C. Such a relay would consti- 


‘paper. 


tute thermally a small-scale model of the armature and, 
when on the point of tripping, the inner portion would 
be at a temperature of 150°C., whilst the outer block 
would probably not exceed 85°C. These figures are 
assumed to be equivalent to a mean temperature of 
95° C. to.100°C. if the temperatures are allowed to 
equalize without external heat dissipation. 

Conversely, the rotating relay shown in Fig. 7 can be 


-used to operate on mean armature temperatures, if so 


desired, by altering the location of the hot junctions. 
If they are of small dimensions at the actual junction and 
placed between the top and bottom coils in a central 
position in a tapping slot, they will reach a temperature 


almost identical with the maximum reached by the 


This is what has been assumed hitherto in this 
If, on the other hand, the junctions are placed 
at the bottom of a slot about 1/12th of a pole-pitch from 
the tapping slot, and only separated from the iron by a 
thin slot lining, they will attain a temperature very 
closely approximating to the mean armature tem- 
perature. The relay would, however, be rather more 
difficult to design of reasonable size, as the temperature 
difference between the hot and cold junctions would be 
much less than when designed to operate on hot-spot 
temperature. Whether working on hot-spot or mean 
temperatures, however, the use of this relay has the 
great advantage that it makes it unnecessary to deter- 
mine the heating and cooling characteristics of the 
armature, either by preliminary calculation or actual 
test after the machine is built. 


copper. 


SUPPLY OF CONTROL CURRENT. 


Control current is required in automatic traction 
substations for the following purposes :— 


(1) For operation of the main a.c. switch and dis- 
connectors (if any). 

(2) For the holding and closing coils of the high-speed 
breakers. 

(3) For the operation of a number of auxiliary circuits 
in connection with the automatic equipment. 


The sources of control current available are :— 


(a) Direct current from a battery and motor-generator 
equipment. ) 

(b) Alternating current at any convenient voltage 
from an auxiliary transformer. 

(c) Direct current drawn from the rotary convertor 
or from the track, with or without resistances 
in series, 

(d) Rectified alternating current. 


The battery is suitable for the control and operation 
of all the apparatus, whether alternating or direct 
current, but its installation in an automatic substation 
is to be avoided wherever possible. The battery, 
motor-generator and the various automatic appliances 
necessary in connection with it, substantially increase 
the complication and the amount of maintenance. 

Alternating-current operation is feasible for all the 
control circuits, except for the holding coils and the 
closing coils of the high-speed breakers, provided that 
the auxiliary transformer which supplies the current is 
connected direct to the high-tension line. 
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Direct current from the machine or the track could | 
theoretically be used for all the control circuits except ` 
the main a.c. switch, which often has to be operated to , 


start the subsection up when the line is dead. 


Rectified alternating current would not meet the . 


requirements for the high-speed breakers, seeing that 
it may be necessary to close the feeder breakers when 
the portion of the high-tension transmission line feeding 
the substation is dead and no alternating current is 
therefore available. It would, however, meet the case 
where a separate and reliable alternating-current supply 
for station lighting or signalling exists, but this is 
probably a rare condition. The author is not aware 
that it has ever been used in practice and it may be 
looked upon as merely a special case of alternating- 
current operation. 

The battery is therefore at present the only source 
of supply which can itself meet all the requirements. 
This doubtless accounts for its general adoption. 

On e.h.t. lines the permanent connection of an auxiliary 
transformer to the line is probably objectionable and the 
transformer itself very costly, and in such cases there 
seems to be no alternative to the battery. Where the 
h.t. transmission is at a more moderate pressure, how- 
ever, there is no serious objection to the auxiliary 
transformer being connected direct to the transmission 
line through switch-fuses. The battery can then be 
dispensed with. Alternating-current operation can then 
be adopted for everything except the high-speed breakers, 
the latter being operated by direct current at track 
voltage, drawing their supply automatically either from 
the machine terminals or from one or other of the track 
sections (according to which happens to be alive) by 
means of suitably interlocked contactors. 

Whatever the source of the control current, the various 
relays, contactors and operating mechanisms must be 
so designed that they will operate satisfactorily at the 
lowest supply voltage which will obtain, and, especially 
in the case of the switch-operating mechanisms, allow- 
ance must be made for the voltage-drop in the control 
wiring. The current required for switch operation, 
though heavy, is of such short duration that, so far as 
the thermal effect is concerned, densities of many 
thousands of amperes per square inch in the control 
wiring are permissible and economically correct. The 
voltage of supply will be a minimum at times of heavy 
traction load if alternating control current is used, 
whilst the minimum voltage in the case of the battery 
will be when it is nearing discharge and has then to 
operate a main switch, when its internal drop will be a 
maximum. If intermittent battery-charging is adopted, 
the total range of voltage applied to the control apparatus 
is very large, probably approaching 2 to 1. 

As seen earlier, variation in battery voltage affects 
the calibration of the high-speed breakers, the effect 
varying in different designs. 

It is questionable whether the heavy demands due to 
switch operation last for a sufficient length of time to 
have much effect on the high-speed breaker holding- 
coils, which are highly inductive, provided the battery 
is not nearing discharge, and it is more particularly the 
variation in the battery e.m.f. which it is important to 
reduce. This can be partially effected by floating the 


battery on the auxiliary motor-generator whenever the 
substation is running, the motor-generator being arranged 
to start up automatically on the closing of the main a.c. 
switch. There would still be a change in calibration as 
between the conditions when the substation is running 
and when it is shut down and the feeder breakers are 
serving as section switches. This in itself would not be 
objectionable, as a reduction in feeder breaker calibra- 
tion is often deliberately introduced when the substation 
is shut down, coming into action automiatically when the 
rotary convertor is taken off the busbars. Unfortu- 
nately, however, the calibration will also gradually 
decrease as the battery discharges. 

It will thus be seen that the choice of battery is 
affected both by the type of breaker and the method 
of charging. If intermittent charging is adopted, the 
lead cell has the advantage, as the ratio of charge to 
discharge voltage more nearly approaches unity than 
in the case of the nickel-iron cell, although periodic 
gassing charges, if required by the former, will seriously 
affect the calibration whilst they are being applied, 
unless a- tapping switch is used. If, on the other hand, 
a floating scheme is adopted, this advantage of the lead 
cell disappears and it is a question of opinion which type 
is preferable. If, when run floating, a lead cell requires 
periodic gassing charges in order to keep it in proper 
condition, which the author believes to be the case in 
practice, then the advantage seems to be with the 
nickel-iron type. 

An arrangement which is probably worth considera- 
tion in substations where a.c. operation is not feasible, 
is the use of a battery for all control circuits except the 
high-speed breakers, and the use of d.c. track voltage in 
conjunction with stabilizing resistances for the high- 
speed breakers. The absence of the constant drain 
due to the breaker holding-circuits would reduce the 
necessary capacity of the battery and also prevent the 
steady discharge which otherwise takes place whilst 
the substation is out of commission but has its feeder 
breakers closed to preserve the electrical continuity of 
the tracks. 


FIRE RISK. 


Outbreaks of fire are not more likely to start in an 
automatic substation than in a manually operated 
substation; probably the reverse, through the absence 
of the human element. Further, if they do occur 
through electrical failure, the current will be cut off by 
the operation of one or other of the automatic appliances 
and the set will be locked out more promptly than where 
reliance is placed on the substation attendant for shutting 
down. Whilst, however, the risk of an outbreak of fire 
is probably somewhat less in the automatic substation, 
its consequences are much more serious, as a conflagra- 
tion started through electrical failure in a manually 
operated substation cannot develop far without the 
attendant becoming aware of it and being able to bring 
into use whatever fire-quenching devices are kept in the 
substation. In automatic substations, if any material is 
present which can continue burning after the removal 
of the electrical fault, the fire may persist until very 


serious damage has been caused. 


Forced ventilation obtained from a fan on the rotary 
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convertor itself also increases the risk, since’ the 
armature will continue to rotate for some time after 
the cut-out operates. Again, in a multi-unit substation 
if one set has been automatically locked out through 
short-circuit or open-circuit caused by, or resulting in, 
fire, another set will start up automatically or be started 
by the control engineer. The draught from this second 
set will fan the flames on the first set. 

In the case of burning cables, quantities of black 
smoke are usually emitted and in populous districts an 
alarm might be given when smoke was seen to be issuing 
from the substation, but in a main-line electrification 
scheme, where substations may be placed in relatively 
isolated positions with few buildings in the vicinity, 
an alarm is less likely to be given. 

Fundamentally, the surest method of meeting this 
special danger in the automatic substation is so to 
design the whole plant that there is no material present 
which can continue to burn for any considerable time 
after the arcing or other electrical causes of the fire have 
been removed. This is probably true of the main 
machinery, and the possible danger points are :— 


(1) Portions of the building or furniture, if any, 
which are of an inflammable nature. 

(2) The oil contained in the switch tanks and trans- 
formers. 

(3) The cables. 


As regards (1), the inflammable material in the 
building, or its furniture, should be reduced to a minimum 
and, if used at all, kept quite apart from cables and 
apparatus. 

As regards (2), the risk of oil escaping from a well-made 
modern transformer and of this oil being ignited is very 
remote, whilst the oil switchgear should be designed 
with such an ample margin in kVA breaking capacity 
and such robust tanks that any danger of a burst tank 
is eliminated. 

As regards (3), the cables should, as far as possible, be 
lead-covered without serving, and, where armoured, the 
armouring should be laid direct on the lead and again 
no external serving applied. Wiring which is not lead- 
or metal-sheathed should be run in conduit. Complicated 
wiring at the back of relay and control panels is probably 
the chief danger point, as neither lead nor metal sheathing 
is conveniently used at these points, although asbestos 
braiding could probably be used. If the above precau- 
tions are taken, the risk of a fire continuing to burn after 
the electrical cause is removed is remote and it is ques- 
tionable whether the installation of any automatic fire- 
quenching device is justified. Ifit be proposed to install 
a CO, plant for the protection of the whole substation, 
it would require very complicated arrangements to 
ensure that this would operate immediately in whatever 
part of the substation fire broke out. This might be 
effected by an optical detector, utilizing selenium cells 
or photo-electric cells which, by some balance method, 
would distinguish between two long tubes through which 
light rays are passed, one filled with clean air and the 
other aspirating air from the substation, and thus 
operating when small quantities of smoke are present 


in the substation air. Fig. 8 illustrates such a scheme 
diagrammatically. 

Schemes of this sort are being considered by people 
who specialize in fire-extinguishing apparatus. The 
author understands that smoke indicators of this type 
are more sensitive if worked on the principle of reflected 
light instead of transmitted light, as shown in the 
figure. 

On the other hand, at special danger points, such as the 
back of a control board, apparatus could be installed 


To lock-out devices 
and CO, release 


Fic. 8.—Suggested automatic fire-detecting apparatus. 

Tı = sealed tube, 

Ta = tube communicating with substation air. 

S;; Sa = selenium cells, 
= relay. 

R, = fixe resistance. 

Rg = adjustable resistance. 

F = dust filter. 

L = lamp, serving also as aspirator. 

B = special cells or tapping off substation battery. 
which, on tripping, would discharge CO, on to the back 
of the panel, and it is probable that this could best be 
operated by one or more thin strings or cotton threads 
carried backwards and forwards through agate eyes 
across the back of the board, quite close to the connec- 
tions. Each thread or cord would, when intact, hold off 
a small switch, but, when it had burnt through, the 
switch would close, lock out the particular set involved 
and open the valve of the carbon-dioxide bottle. Such 
a scheme as this would be practically instantaneous in 
its action and, being local, would be much less costly 
than an installation for the protection of the substation 
as a whole. The one would require a single small bottle 
of CO,, whilst the other would require a relatively large 
battery oí bottles. 

The influence of the type of filter on fire risk has been 
referred to earlier, and in this connection it should 
be noted that organic dust is perhaps more likely to be 
met with in populous or industrial districts where a 
water supply is available for filters of the water-spray 
type, whilst in open country where a water supply is not 
available it is less likely that the dust will be of an 
inflammable nature. 


In conclusion the author wishes to thank Mr. C. H. 


Davidson and Mr. G. Bonner for their assistance and sug- 
gestions in connection with the preparation of this paper. 
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APPENDIX. 
(Received 9th February, | 1928.) 
THERMAL RELAYS. 


An alternative method of operating with thermo- 
junctions is shown in Fig. 9 and is, in the author's 
view, superior to that shown in Fig. 7. In this design 
the thermo-couple current is used to excite a small 


AT MIAAAR FTL 


7 Sh 


ADS ic 


PIRATA, 


A fa 
Wl VL ld 
¡RA | 


ry 


| ig 


z 
TE 


= Mi 


(3) The relay itself can be of any convenient type 


fitted with Darling’s compensating bimetallic 
strip control and can have a considerable 
range of movement and, therefore, be arranged 
to give a warning signal as well as a cut-off. 
The warning signal can further be arranged to 
start up a second set, if so desired. 


(4) The relay can be fitted with a visible scale so that 


the actual temperature can be seen by inspec- 
tion. Assuming that the thermo-couples are 


Fic. 9.—Proposed thermal conttol device. 


=: compensated relay closing 100-volt warning and tripping circuits and also giving direct indication. 


cold junctions. 


A 
B= 
C = multipolar rotor with its windings connected in series with the thermo-couples. 
p = stator in which a voltage proportional to the thermo-couple e.m.f. is generated. 
F = 


= rotary-convertor slip-rings. 
= rear bearing. 


multipolar magnet mounted on the shaft of the machine 
alongside the cold junctions, and thus generate in a sur- 
rounding stator a voltage which will vary with the 
difference in temperature of the hot and cold junctions. 
The advantages of this arrangement over that shown in 
Fig. 7 are:— 


(1) It will increase the thermo-couple power, as it 
will be possible to obtain from the stator 
power greatly in excess of that absorbed in the 
multipolar magnet, and this power can, if desired, 
be converted to direct current by an oxide-film 
or other simple type of rectifier. 

(2) There is no mechanical contact between the 
moving and fixed portions. 


VOL. 66 


inserted at the hot spots, as is recommended, 
the instrument would then considerably extend 
our knowledge of what happens inside an 
armature which is subject to rapidly varying 
peak loads. 


(5) The arrangement can be installed between the 


slip-rings and the bearing of the rotary con- 


vertor, and it is unnecessary to bore the shaft. 


This boring is a rather objectionable feature of 
the previous arrangement. 


(6) Due to the above, it will be possible to make 


the leads between the hot and cold junctions 
of larger section. This is particularly important 
in the case of the constantan leads which have 
a resistance 30 times that of copper, since the 
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resistance of the leads has a great effect upon 
the amount of power which can be obtained in 
the magnet winding. 

As an alternative to the design shown, the stator 


d 


could be mounted on ball bearings on the shaft and the 
bracket on the bearing merely used as a flexible 
anchorage, so that the minimum length of air-gap can 
be used and kept true regardless of wear of the main 
machine bearings. 


DISCUSSION BEFORE THE INSTITUTION, 2ND FEBRUARY, 1928. 


Mr. Roger T. Smith: The importance of the auto- 
matic substation from the point of view of railway eco- 
nomics arises from the fact that the wages in the 
average railway substation amount to about £1200 a 
year. Ifthe station becomes automatic about £200 a year 
may be spent on its inspection, when there is an annual 
saving of £1000 per substation in wages, which, 
capitalized at 10 per cent, is £10 000, or, capitalized at 
8 per cent, £12 500. For the average size of railway 
traction substation, containing two 2000-kW rotary 
convertors, the added cost of making the substation 
automatic is about £2 500 or, if remote control is added, 
from £3 000 to £3 500. In consequence, according to 
whether the capital charges are reckoned at 10 per 
cent or 8 per cent, something of the order of £7 000 to 
£9 000 is saved per substation by the use of this auto- 
matic control. This entirely alters the economics of the 
use of low-tension current for railway electrification, 
because if that amount of money can be saved on the 
substations it may become economic to put them 
closer together and so use a lower track voltage than 
would otherwise be possible. An example of this is 
to be seen in the extent of the electrification on the 
low-tension system on the Southern Railway to-day. 
The fully automatic substation is one in which the fall 
of voltage in the contact rails or overhead contact line 
below a certain limit is made to work a relay which 
starts the closing of the high-voltage transformer oil- 
switch and sets in train a sequence of relays which, in 
turn, start the rotary convertor, synchronize it with the 
supply, switch it on to the d.c. bars, and close the high- 
speed feeder positive «circuit-breaker and the negative 
low-speed contactor and the isolating switches. Alterna- 
tively, the rise of contact-rail or contact-line voltage 
reverses the process and shuts down the convertor. 
Such a substation is applicable only where tbe traffic 
is not dense and each train produces a definite fall in 
voltage in the track contact-rail as it nears a substation 
and so starts it automatically, and alternatively produces 
a definite rise in voltage when approaching the next 
substation and so shuts it down. In general, such 
definite voltage-drops and voltage-rises do not happen 
in the dense suburban and urban London traffic, and 
remote control—from a centre where what is happening 
on the line is indicated—becomes essential. Such 
control may be preferred also in the previous case. 
Often remote control closes the high-voltage trans- 
former switch for the rotary convertor, when the 
sequence outlined above follows. Generally, also, the 
feeder circuit breakers and isolating switches are under 
remote control, and the control does several other 
things, including reading the measuring instruments in 
the substation at the centre, adjusting the voltage of 
the convertor, and indicating substation and feeder 


faults at the centre. The paper, which properly con- 
fines itself to those special requirements of the main 
plant (and not the control gear) to make an automatic 
substation a success, insists that however perfect the 
circuit-breaker protection of the rotary convertor may 
be, the latter should be able to stand short-circuiting 
without injury. I agree, but the most perfect high- 
speed circuit breaker which can be made is still needed 
in the positive feeder to the track contact rail or overhead 
line. When no springs are used a speed of opening 
appreciably less than 0-01 sec. can be attained. Can 
spring-opening ever be as fast? Certainly 1 500-volt 
50-frequency rotary convertors have been made to stand 
repeated short-circuits and are in use on the French 
electrified railways, but at best they are more dependent 
on the high-speed circuit breaker for protection than 
are two 750-volt rotary convertors in series. Has the 
author any actual evidence that an air blast of, say, 
70 ft. per sec. is any help in preventing flash-over when 
flashing has started to make metallic vapour? I think 
that the author has quite made out a case for fitting a 
cowl over the end of the armature and adding a fan at 
the erid of the shaft to draw fresh air from outside 
through separate inlets for each convertor, filtering the 
air where necessary with an oil-film filter. On the 
Midi Railway in the South of France there are no auto- 
matic substations, but when a substation is nearly 
closed to keep out dust its temperature is often 15 deg. C. 
higher than that of the air outside. Can the author 
tell us what are the conditions in India? If, as sug- 
gested in the paper, a secondary battery is employed for 
operating the auxiliary apparatus required for an auto- 
matic substation, the bést way of charging the battery 
is a difficult problem. If a trickle charge is admissible, 
that is, if it is capable of replacing the energy used, 
where the supply is at 33 000 volts or more, the neces- 
sary potential transformer will be large enough to 
provide the trickle charge through a valve used as 
rectifier. With remote control a charging motor- 
generator can be started and stopped as desired, but if 
there is no remote control the automatic. battery- 
charging apparatus is, as the author says, a: serious 
complication. 

Dr. C. C. Garrard : Early in the paper the author 
refers to the operating advantages obtained by super- 
seding the human element. A mechanism has no 
nerves and the remarks in the paper are undoubtedly 
true; added to this are the increased efficiency and 
improved load factor obtained by automatic working. 
I agree with the author’s remarks regarding the contacts 
for use on relays in automatic stations. The control 
relays should be designed to have a large operating 
torque and the contacts should be of the self-cleaning 
variety, while the contacts of the relays in the super- 
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visory cabinets should be in duplicate for all vital 
circuits. The high-speed breaker is naturally discussed 
to a considerable extent in the paper, as I think it is no 
exaggeration to say that it is one of the principal reasons 
for the successful running of heavy traction substations. 
I agree that the name is rather misleading; it would be 
better to call it the “ quick-acting ” or “ quick-start- 
ing ” breaker. As the author points out, the actual rate 
of break may under certain conditions be too great. 
This can be controlled by both the blow-out and the 
arrangement of the arc chute. I am interested in the 
author’s recommendation No. 7 (on page 670) of the 
motor-started rotary convertor for automatic working. 
About three years ago an engineer employed by one of 
the American manufacturers told me that motor-started 
rotary convertors were quite out of date. If that was 
so at that time, I think that experience since then has 
caused them to have a new lease of life. Another great 
advantage of the motor-started rotary convertor is that 
it is much less likely—in fact it may be rendered almost 
impossible—to excite with reversed polarity, thus auto- 
matic pole-slipping is avoided. I do not believe much 
in the theory which the author puts forward of con- 
ducting vapours, especially in regard to their persistence 
for some time after the original arcing or sparking. I 
am inclined to think that the secondary flash-overs 
which occur at some distance from the original arc are 
due to very high-frequency oscillations set up by the 
latter. These travel in neighbouring conductors for a 
larger or smaller distance, depending upon the frequency 
of the oscillation and the inductance of the conductor. 
When there is a change in this, such as at a bend, 
flashing-over is likely to take place. Thus repeated 
flashing will, on this theory, tend to re-occur at the 
same place, and the effect of insulating with paint would 
be as described in the paper. It is well known that 
secondary flashing-over will occur due to an original 
disturbance, in places that it is not possible for con- 
ducting vapours to reach. Although actual flame will 
doubtless cause arcing, I think it is unnecessary to 
assume that the effect can last after the flame has 
ceased. [admire the ingenuity of the arrangements sug- 
gested for the thermal relay, but I think that that shown 
in Fig. 7 would be an undesirable feature to add 
to a rotary convertor. It appears to me also that if 
any one of the thermo-couples were to break it would 
be very difficult to repair it. I am not quite clear as 
to the method of working proposed. It seems to me 
that any kind of a thermal release must only be regarded 
as a second line of defence and that it is not safe to 
use the thermal relay as the ordinary running means of 
control for deciding, for example, when a second machine 
is to be started. The author points out that in the 
hand-controlled station the machines are run with an 
eye on the ammeter. This is, however, what occurs in 
many automatic stations, but, in addition, the eye is 
more reliable than a human eye; that is to say, it is an 
overload starting relay. It is not permissible to allow 
a machine to load itself up until the thermal relay 
operates, as this shuts down the machine for a certain 
period. In a two-unit substation this might throw the 
load entirely off the substation. In the traotion sub- 
stations described in the paper, where the machines are 


started by supervisory control, the same conditions 
apply, as the load dispatcher must start up the sub- 
station machines in accordance with a prescribed time- 
table or having regard to the readings of the remote 
metering equipment. The thermal relay only comes 
into action if some failure or incorrect operation has 
taken place causing the machine to overheat beyond a 
certain range. It seems to me, therefore, that it is in 
any case necessary to make tests to determine how the 
load-limiting relays should be set or the time-table 
arranged to ensure that the machines do not exceed a 
certain temperature. If then the load conditions are 
inadvertently allowed to be more severe, the thermal 
relay must come into operation and shut the machine 
down while it cools. To allow for the greater machine 
output in winter, either the overload starting relay or 
the time-table must be altered; the thermal relay cannot 
be allowed to take care of this variation. It therefore 
appears that the continuous measurement of the hot- 
spot temperature is not necessary. As, of course, this 
temperature is really the limiting feature, it is necessary 
to bear in mind the relationship between hot-spot and 
mean temperature when setting the overload starting 
relay or arranging the time schedule; but as the thermal 
relay only comes into action when the usual load- 
limiting device (automatic or human) has failed to 
function, its accurate identification with the hot-spot 
temperature seems to me to be unnecessary. On the 
subject of temperature-rise of automatic machines 
generally and the utilization of.a given kilowatt capacity 
to the best advantage, the sequence relay invented by 
Mr. Angold is worthy of consideration. By this device 
the first machine to be automatically started up is the 
first one to be shut down, so that the output is more 
evenly divided over the plant than is usually the case. 
Further, this is carried out automatically, i.e. it is not 
necessary manually to modify the sequence of duty 
from time to time. With regard to Fig. 8, I remember 
seeing a somewhat similar device in operation several 
years ago at the American Electric Railway Convention 
at Atlantic City. In that case. the beam of light was 
not enclosed in a tube but was open and directed across 
the substation, a thermionic valve being used as a 
magnifying device. Does the author know whether that 
scheme has been developed at all? I agree that the 
wiring at the back of the control panel is a danger spot. 
The thread device seems to me to be somewhat difficult to 
arrange, as it would require an electromagnetic valve to 
open the CO, bottle. Would not a series of small 
metallic tubes with the ends plugged with fusible metal, 
similar to a sprinkler installation, serve the purpose, 
CO, being discharged instead of water? It would be 
very interesting to know whether there are any sta- 
tistics of fires in automatic substations; I have never 
heard of any. In this connection, as it is troubles 
which often cause advances in design to be made, it 
would be most valuable if it were possible to render 
available to the industry records of all accidents of | 
whatever kind. The opposite of this: is the general 
rule, as both supply undertakings and manufacturers do 
their best to conceal troubles. The annual reports of 
the National Electric Light Association do something 
on the lines I suggest and I think it would be a very good 
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thing for the industry if similar reports were available 
annually in this country. 

Mr. F. W. Crawter : I am sure the author will not 
expect me to agree with his remarks on page 682, where, 
in dealing with the supply of control current, he says 
that the installation of 'a-battery is to be avoided wher- 
ever possible. He admits, however, that at present the 
battery is the only source which in itself can meet all 
requirements. The author discusses briefly the type of 
battery to be used and the method of charging. 1 
should like, if he will allow me, to put his deductions 
in a slightly different form. Personally, I favour the 
floating system of charging, as by that method the lead 
battery will maintain an appreciably larger percentage 
of its capacity than the nickel-iron type. Consider for 
a moment a purely stand-by battery floating across a 
constant-potential circuit. A lead battery can be kept 
in good condition, with its full capacity always available, 
for an indefinite period, with a trickle charge of an 
infinitesimal amount, but this trickle charge would 
have no beneficial effect whatever on a nickel-iron 
battery. Now take the case of a battery which is 
floating across the terminals of a machine with a falling 
characteristic and which has to deal with comparatively 
heavy momentary discharges such as those to which the 
author refers. If the voltage of the generator repre- 
sents 2-3 volts for every lead cell that is in parallel 
with it, it is possible to put back into the battery practic- 
ally the same number of ampere-hours that were taken 
out on discharge; but it is not possible, without raising 
the voltage, to put back the extra ampere-hours which 
are represented by the loss of efficiency, and to that 
extent the capacity of the battery is temporarily 
reduced. The same thing applies also in the case of the 
nickel-iron battery, but to a greater extent, because if 
one takes 1-7 volts per cell as the equivalent floating 
voltage a considerable percentage of the recharge will 
be at such a low rate as to have practically no effect on 
the battery at all. A very low charging rate has an 
immediate and decided effect on the capacity of a 
nickel-iron battery, because it entirely fails to reduce 
or charge the negative electrode. We are therefore 
faced with this position, that there is at present on 
the market no battery which can be satisfactorily 
recharged after a discharge without raising the charging 
voltage to a point where it reaches that little tail at the 
end of the charge with which we are so familiar. I am 
not quite clear, however, as to what is the author’s diffi- 
‘culty regarding the floating charge, because he himself 
describes a tapping switch which 1 believe has been used 
in many instances with entire success. 

Mr. R. Orsettich : The author has given some very 
interesting information regarding the limits usually 
specified for the performance of rotary convertors, and 
has mentioned that in some cases the peculiar condition 
is reached that the normal load of a machine is not 
really the normal load. Perhaps in his reply he will 
explain what is meant by that statement. In the 
British Standard Specification the normal load of a 
machine is defined as that which a machine will develop 
for an indefinite time without exceeding the specified 
temperature-rise. As these machines can fever reach 
the temperature-rise allowed, what is the normal load 


in this case? Machines of this kind, with enormous 
capacity for overload, in which the limitations of 
heating and commutation are practically non-existent, 
cannot be run as efficiently and economically as normal 
machines, and it seems to me that the problem before 
us, and especially before operating engineers, is to discover 
whether there are no means available by which one can 
avoid the necessity of overtaxing a machine to the 
extent described in the paper. In other words, if 
every time a machine like this flashes-over it develops a 
cloud of vapour full of ionized metal of some kind or 
other, one is bound to come to the conclusion that the 
more often the process is repeated the more quickly 
will the machine be destroyed, even if only by an 
infinitesimal amount each time, so that after, say, 
1 000 flashes-over the machine may require re-building 
to some extent. Why should not one try to spare the 
machine? I think that any operating engineer will 
agree that it is desirable to do so. One of the most 
effective means to this end is the buffer resistance 
which is used very extensively in automatic and non- 
automatic substations in the United States. It requires 
two circuit breakers in series. The first circuit breaker, 
which may be called the auxiliary, is short-circuited by 
the buffer resistance; the second circuit breaker, which 
may be called the main circuit breaker, is set to deal 
with very much higher currents. It is found that if 
the first circuit breaker is set at, say, 50 per cent over- 
load, the first circuit breaker will operate every time 
the load exceeds this amount. It operates just as 
quickly as the other, and the moment it opens it will 
insert the buffer resistance in circuit with the rotary 
convertor. This method has several advantages; firstly 
the machine is kept running with the resistance inserted, 
and secondly, the voltage of the machine is lowered to 
the extent of the voltage-drop across the resistance, 
which is usually 30 or 40 volts. When the voltage on 
the machine is dropped, the load also is automatically 
dropped to some extent, but at the same time other 
substations at either side of the line are caused to supply 
current to the point which requires it. On several 
occasions I have watched these circuit breakers opening. 
I have never seen one of the main circuit breakers open, 
but I have seen. the auxiliary circuit breakers open 
regularly every 3 or 5 minutes. The buffer resistance 
is put in automatically and the voltage is lowered; 
other stations supply the necessary current, after which 


the auxiliary circuit breaker switches itself in again, 


and everything is kept running without interruption. 
Another advantage. of that reduction of overload on 
machines is this, that a real dead short-circuit occurs 
but seldom, and when it does the machine is protected, 
and therefore many of the auxiliary barriers and other 
gear that must be used when no buffer resistance is 
employed can be discarded. In operation it should be 
possible to get at a machine as quickly as possible if it 
fails, and it is a great disadvantage if first of all a 
number of boxes and barriers have to be removed. I 
entirely endorse the views of the author in regard to 
roller bearings. I have used them on several machines 
rated as high as 3 000 kW, and I think that they are the 
most reliable and useful development of recent years. 
Once they are adjusted satisfactorily they require no 
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further attention during the life of the machine. With 
regard to relays, it seems to me that the present fashion 
of making relays with glass covers is disadvantageous. 
Those which have been developed by my firm are 
enclosed in an iron box, and this is the most effective 
method of preventing any stray flux from influencing 
another relay. I know of two cases where vertical 
rotary convertors have been built. In one the shaft 
was fixed, the armature revolving round it. In both 
cases the commutators were downwards and not upwards, 
as shown by the author. If a short-circuit occurs, 
whether mild or severe, there is always the possibility 
of broken pieces of carbon dropping off, and obviously 
one would not like to have them dropping into the 
armature. If the commutator is in a downwards 
direction this cannot occur. 

Mr. A. E. Angold: Thermostats to protect the 
machines against overheating when used for the type of 
machine described by the author are no doubt best 
placed in the intake shaft, but for open-type machines 
the thermostat may be placed in a much more accessible 
position, viz. near the machine in the draught caused 
by the armature, preferably at the slip-ring end so as 
not to be damaged by a flash-over. Providing the 
thermostat is subjected to the draught caused by the 
machine when it is running, it does not matter where 
it is placed, because whether part of the heat which 
operates the thermostat is derived from warm air 
coming out of the machine or derived entirely from a 
heater energized in proportion to the current going into 
the armature, the ultimate effect is the same. The 
author asks for contacts to be so designed that they do 
not require frequent cleaning. Has he experienced 
trouble with contacts which have a rubbing action or 
does he refer only to contacts which meet dead-on? 
With regard to the earlier experiments described by 
the author, in which, during flash-over, an arc jumped 
between a positive brush and a pedestal which was 
negative, the point of interest here is that as the pedestal 
was negative, the temperature of the gases must have 
been high enough to allow the available voltage to 
jump part of the gap and so start what is, correctly 
speaking, a new arc. The following characteristics of 
heavy-current arcs have been observed. The positive 
end of the arc will readily travel over a cold metal 
surface and cause little damage; should it come to rest, 
however, the metal at that point is badly damaged, 
much more than at the negative pole. If there is no 
magnetic field other than that caused by the arc current, 
the full sweep of the arc will be C-shaped, or U-shaped, 
according to whether the conductors carrying the 
current to and from the arc are parallel with each other 
or end-on (converging). Should the in-turned positive 
end of a C-shaped arc stream or even the hot gases sur- 
rounding it touch another positive part, a length of the 
stream is short-circuited and the arc settles on the new 
point for a time. The arc then expands to its original 
C-shape, but this time of a larger size, and, given more 
points to touch, the process is repeated. If there are 
no more points to touch, the loop continues to expand 
by virtue of its own magnetic field and thus ultimately 
ruptures the arc. In a confined space, such as the 
inside of a metal box, when the box itself is connected 


to the positive pole it is possible to have a. rotating 
effect, the positive end of the arc being continually 
driven round and pivoting on the negative terminal. 
At the negative end of an arc the progress from point 
to point is more regular and not so rapid, because the 
surrounding metal has to be heated before the arc will 
move on to it. However, owing to the strong self- 
expanding power of an arc carrying a heavy current 
and to the fact that the negative end drags behind, the 
voltage gradient may be so steep that there is sufficient 
pressure for a new arc to jump to the in-turned negative. 
end of a C-shaped arc stream, thus joining up with the 
original arc and short-circuiting part of the stream. 
The author mentions that a layer of wet paint on the 
pedestal was sufficient to prevent a recurrence of arcing 
to that part. It would seem that where clearances are 
large it is safer to have the surrounding metal work 
connected to the negative pole, as this will probably 
totally prevent the transference of the arc, but if 
clearances are small in. relation to the current and 
voltage in the arc the connecting of the metal parts to 
the positive pole may cause less trouble, because if the 
original arc becomes extinguished there are fewer points 
from which a new arc can start. The author describes 
a type of high-speed circuit breaker in which the releasing 
coil is shunted across a reactance and therefore is only 
operative by virtue of the rate of change of load current. 
Can he tell us what happens with this type of breaker 
when it is used as a tie feeder breaker or for track 
sectioning, in which positions it is at times subjected to a 
reverse current? Does not the sudden switching-off of 
a reverse current produce the same effect on the releasing 
coil as does a quick increase in forward current, and so 
cause the breaker to open when it ‘should remain closed ? 
The use of a spring for opening a high-speed breaker 
has an advantage over the use of a magnet, as the 
spring gives its greatest force at the start and the 
magnet at the end of the stroke. Magnetic repulsion 
would have the right characteristic, but sufficient force 
can only be obtained with very heavy currents or very 
heavy parts. Variation of battery voltage may be 
lessened by reducing the rate of charge and by more 
frequent charging, which can be arranged for by setting 
the charge and discharge contacts of the controlling 
relay closer together. It is proposed to reduce the 
calibration of breakers when the station is shut down 
during periods of light load, and the consequent fall in 
the battery voltage will in that case not be a disad- 
vantage as it automatically brings about part of the 
desired reduction in calibration. The General Electric 
Co. is now developing at Witton a high-speed breaker 
which is held closed by a permanent magnet. This will 
be independent of battery variations and, if closed by 
hand or by current taken from the line, will not 
require-a battery. The releasing coils carry the main 
current as usual and are so arranged that they tend to 
strengthen the permanent magnet. The speed of 
operation depends on the strength of the opening spring 
and therefore on the size of the magnet. A breaker of 
this type can be conveniently used as a feeder breaker 
on public supply systems. . | 

Mr. J. W. J. Townley : The author suggests that the 
use of high-speed circuit breakers might enable other- 
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wise unsuitable machines to be used in automatic sub- 
stations for traction work. My experience has been 
that machines which have not been specially designed 
for automatic operation, even though they are of modern 
design, are very unsatisfactory when converted to 
automatic operation, owing to the troubles due to 
flashing over. I entirely agree with the author’s sug- 
gestions for the prevention of flash-overs, particularly 
his proposed elimination of that complication the 
brush-lifting device. In various parts of the paper the 
: author has referred tó short feeders, i.e. feeders by 
which the line is fed from immediately adjoining sub- 
stations. .Such a condition imposes unfair stresses on 
the machines when faults occur, and I think most users 
will agree that, if it is impossible to avoid them, line 
reactances should be used to reduce the rapid increase 
of fault current. Substation ventilation is referred to in 
the paper. I consider that is a most important point 
not only for users but for machine designers. Most 
people who have to deal with substations have desired 
at some time to adopt a positive system of ventilation, 
but the ventilation system of many machines is of such 
an indeterminate and unsatisfactory character that 
very little can be done. This is in striking contrast to 
a substation I saw some time ago in Belgium. This sub- 
station had motor convertors installed, each of which 
had a fan between the a.c. and d.c. ends of the machine. 
The ventilation was positive, and the hot air was 
actually used for heating the office building above. The 
proposed vertical-spindle machine should present no 
unusual difficulties to designers, but it may be very 
expensive to build. No reference has been made to the 
very serious trouble which atises when a flash-over 
occurs on slip-rings, and it would appear that a flash- 
over on the slip-ring end of the vertical-spindle machine 
shown would be a very serious matter indeed. The 
design of thermal relays is discussed in the paper. 
That is a piece of apparatus that gives a considerable 
amount of trouble in automatic substations to-day. I 
am of the opinion that users do not care whether a 
relay or a thermo-couple embedded in the machine is 
used, but there is much to be said in favour of measuring 
directly what we want to know. One point which has 
not been mentioned in the paper may, perhaps, belong 
more correctly to a paper dealing with the details of 
automatic plant. In the case of certain automatic sub- 
stations some feeders are in parallel with feeders fed 
from. other substations, and others are stub-end feeders. 
It is quite a simple matter for designers of automatic 
plant to give us relays which will operate the circuit 
breakers feeding either the parallel feeder or the stub- 
end feeder, but linesmen, by switching outside the sub- 
station, sometimes convert a parallel into a stub-end 
feeder, and vice versa. The results may be disastrous 
and it is a point that should be kept in mind. I-should 
be interested to hear whether the author has dealt with 
such a case. The risk of fire is a grave one, but I 
think it will be generally agreed that it is extremely 
undesirable to incorporate such devices as the author 
has suggested—the thread at the back of the panels and 
the smoke-indicating device. Our efforts should, I 
think, be directed towards improving the design of the 
back of the control panels, which is one of the weakest 


points in switchgear. In one case which came within 
my experience a small resistance burnt out and the 
resultant fire destroyed the panel, putting the substation 
entirely out of action. I suggest that a control panel 
of the type that is put into automatic substations 
might be designed with the whole of the wiring embedded 
in some form of vitreous cement. The fuses and 
resistances should be removed to a suitable location 
and the necessity for such devices as those mentioned 
by the author would then be removed. 

Mr. A. C. Brown (communicated): In reference to the 
author’s remarks on page 684 that complicated arrange- 
ments would be required to indicate fire immediately, 
in whatever part of a substation it broke out, I should 
like to point out that there is at present on the market 
a fire-alarm tape which is cut in short lengths, usually 
about every yard, and jointed by a composition which 
can be relied upon to melt and let go at a predetermined 
temperature, usually fixed at 130° F. or whatever 
temperature is required. Lengths of the tape are then 
suspended in parallel rows near the roof of the building 
to be protected, and are kept taut by a spring or a 
weight over a pulley at one end and connected to an 
electric contact lever at the other, so that on the release 
of a tape by the letting-go of any one of the joints an 
alarm is given. Every one of the joints therefore forms 
an efficient thermostat and the building is thus pro- 
tected at every square yard of its area, yet the whole 
installation is exceedingly cheap and simple, both in 
its construction and working. The operation of the 
fuse-tape is exceedingly sharp. It releases immediately 
the temperature rises to the predetermined point, much 
quicker, in fact, than the operation of any appliance 
having metallic parts requiring to be warmed, such as 
fusible metallic caps or bimetallic springs. If, for 
instance, a thermometer is placed quite close to a 
tape joint and the air quickly warmed up, the tape 
joint will let go before the thermometer has appre- 
ciably risen at all, on account of the time-lag due to 
the specific heat of the material in its bulb. In other 
words, the tape joints feel the temperature much quicker 
than metallic parts, which require to soak in the heat 
longer before acting. The joints can also be depended 
upon not to release unless the predetermined rise of 
temperature does occur, that is, they do not creep. 
This fire-alarm tape, which has now been in use for a 
number of years, has, in fact, proved its efficiency by 
saving a factory at Hounslow. A fire occurred at night 
and automatically reported itself by means of the tape 
to the Hounslow fire brigade (through a connecting 
line-wire with which the factory was provided). The 
first thing the factory officials knew of the occurrence 
was that they found the next morning that the fire 
brigade had put the fire out. But for the fuse-tape 
the factory would no doubt have been destroyed. 

Mr. E. E. Tompson (communicated): The suggested 
vertical rotary convertor would appear to be worth 
the consideration of railway engineers, in view of the 
certain extension of automatic working. The fact that 
the rings and motor are sunk in a ventilated pit should 
cause no alarm from the fire point of view, as suggested 
by a previous speaker. My experience is that ring 
currents on modern rotary convertors are so well con- 
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trolled when using heavy-metal-mixture brushes, lubri- 
cated with oil or graphite, that a short-circuit between 
phases is most improbable. Railway engineers could 
no doubt give very valuable information on this subject, 
as I believe that in no case where the heavy brush has 
been used has a failure occurred during the last few 
years. I think that Mr. Atkinson's “* sparkless brushes ” 
have now been produced commercially, as it is now 
quite common to see machines running on 100 and 
200 per cent overload without a trace of sparking. 
Regarding the difficulties experienced with accumulator 
maintenance, it should not be overlooked that the most 
economical and efficient proposition for switch tripping 
is to install batteries of primary cells. In the past 
this class of cell has done good work, but if some con- 
sideration is given to sal-ammoniac cells using air as a 
depolarizer it will be found that heavy currents can be 
obtained for long, continuous discharges as well as for 
intermittent periods. Air-depolarizing primary cells 


are now manufactured up to 3000 ampere-hours 
capacity. For switch-tripping purposes 10 amperes 
would be available for short-period discharges and, 
should continuous discharge currents be required, as 
much as I’ ampere at 1 volt is available per cell, the 
voltage being constant throughout its life. Railway 
engineers are now very familiar with their use, as most 
modern installations of signal and point motors, track 
circuits and colour light schemes, are equipped with 
them for power supply. The problem of running track 
feeders to a distant point from the substation does not, 
to my mind, warrant the extra cost, as designers seem 
to have thoroughly studied the possibilities of damage 
to commutators and brush gear through short-circuits, 
and if electrographitic instead of graphite brushes are 
used considerable increase of brush life will be obtained. 


[The author’s reply to this discussion will be found on 
page 704.] 
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Mr. F. H. Williams: I agree with the author that 
the limitation of machine outputs has not received the 
attention it deserves. Broadly speaking, the hot-spot 
temperature is the factor which limits the output not 
only of electrical machinery but also of cables, and what 
the operating staff want to know is not the current but 
the temperature. I think we might usefully take a leaf 
out of the automobile engineers’ book. The owner of a 
motor-car knows that, so long as the radiator thermo- 
meter does not read above a certain temperature, he can 
safely call upon the engine to give its maximum output, 
and we ought to be able to do the same with electrical 
gear. The output of many modern turbo-alternators is 
decided almost entirely by the thermo-couple indication, 
and it is surely only logical that the output of other 
electrical machines and cables should be governed by 
the same considerations. The author has performed a 
very useful service in reminding designers and those of 
us who deal with specifications that the goal to be aimed 
at is efficient and successful operation not on the test- 
bed but in commercial service. This is a point which is 
of particular importance in these days of standardization, 
when there is a British Standard Specification for nearly 
everything electrical and many things mechanical. 
Generally speaking, the matter contained in the paper 
can be divided into three main sections:—(1) Data 
regarding design and operation matters which have 
arisen over a period of several years on important rail- 
way electrification contracts with which the author has 
been dealing; (2) difficulties which the author thinks 
may arise due to the extended use of rotary convertors 


and other machines running in unattended substations,,. 


and various suggestions which the author puts forward to 
deal with them; and (3) theverticalrotary. With regard 
to (1), designers frequently complain that they do not 


hear of the minor operating difficulties experienced with’ 


the apparatus they design, and from this point of view 
the paper is particularly valuable. With regard to (2), 
the matter is somewhat controversial, As regards (3), 
no doubt many designers have previously considered a 


vertical rotary convertor and it would be interesting if 
they would tell us why the idea was rejected. The 
author is not very specific about the advantages he 
expects from the vertical rotary convertor, but they 
appear to be:—(1) Improved operation under short- 
circuit conditions, (2) better ventilatien of both machine 
and substation building, and (3) reduced hot-spot con- 
ditions of the tapping connections. The suggestions 
made with a view to reducing hot-spot temperatures 
appear to be equally applicable to the horizontal rotary 
convertor. With regard to the author’s proposal to put 
a ventilating duct beneath each tapping slot, I imagine 
that the introduction of 30 such ducts would seriously 
interfere with the flux distribution, and also weaken the 
armature core mechanically.. Has the author had this 
laid out on the drawing of an existing rotary? To 
assess the probable advantages of a novel proposal such 
as this, it is helpful to consider what are the advantages 
and disadvantages compared with those of the apparatus 
it is proposed tosupersede, and I propose totry to strike 
a balance and suggest the conclusion to be drawn there- 
from. A traction rotary convertor of the type described 
on page 670 is an extremely robust and reliable machine. 
The first machine of this type, i.e. with armature and 
commutator of equal diameter and forced axial ventila- 
tion, was installed on the Shildon—Newport electrification 
about 1916, as a result of experience with the more 
general type of rotary convertor having a commutator 
the diameter of which was less than that of the armature. 
Later designs have not departed radically from the 
essential features of this experimental set. As the 
author points out, all the leading manufacturers are 
prepared to make machines of this type which, when 
used in conjunction with high-speed circuit breakers, 
are so reliable that we are quite content to place therr 
in unattended substations, the sets being started up 
and shut down either automatically or by some central 
operator in a remote control room. Under these cir- 
cumstances, we have to rely entirely on the rotary 
convertor and its protective apparatus to deal with any 
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contingencies which may arise. Now, if it is remem- 
bered that this is a rotating machine running at a fairly 
high speed, it must be admitted that engineers have 
great faith in it to treat it in this manner. The dis- 
advantages of such a convertor are those inherent to all 
rotating machinery. In general, it will deal with peaks 
of four to five times full load or more without damage, 
and even when it is shut down due to short-circuit it 
can start up again automatically, and any attention 
which the commutator requires can be left to be dealt 
with at the ordinary periodical routine maintenance visit. 
The main limitation of the present rotary convertor has 
been that, broadly speaking, we have only been able to 
obtain 1 500 volts from a single commutator when the 
frequency of supply was 25 cycles, and when the fre- 
quency was greater it has been necessary to incur the 
expense and complication of putting two machines in 
series. Now the committee set up to consider generally 
the electrification of railways in this country recom- 
mended the standardization of 1500 volts (d.c.) and 
when the national electricity scheme is completed all 
supplies will be at 50 cycles so that, in the future, the 
demand should be for 1 500-volt, 50-cycle rotaries. In 
view of the very satisfactory operation of the present 
type of rotary, I do not consider that the advantages 
expected from the vertical rotary are sufficient to justify 
manufacturers adopting such a revolutionary proposal. 
The development of modern electrical machinery has for 
decades been along the lines of horizontal machines. 
The vertical steam turbine has practically disappeared 
and no manufacturer uses a vertical motor if he can 
avoid it. The amount of development work involved 
in adopting the author’s proposal would be very great, 
and the gain very problematical. The only thing that 
is certain is that such a machine would inevitably have 
certain inherent difficulties which would require special 
consideration. I contend therefore that, interesting as 
the autbor's suggestion is on theoretical grounds, he has 
not made out a case for the vertical rotary convertor, 
and that designers can employ their time much more 
profitably in endeavouring to increase the overload and 
commutation capacity of the present type of convertor 
and also in developing equally reliable convertors which 
will give 1500 volts and possibly 3 000 volts (d.c.) on 
a single commutator with a 50-cycle supply, rather than 
in developing a vertical rotary convertor. 

Mr. J. H. Odam : Under the heading of ** Mainten- 
ance ” the author draws attention to the desirability of 
reducing the number of inspection visits to a minimum, 
and too much stress cannot be laid on this point. In 
the earlier automatic equipments, use was made of 
apparatus of a type developed in connection with the 
semi-automatic operation of rolling mills, winders, etc. 
A failure on equipment of the latter variety, due to dirt 
or to the sticking of contacts, is not normally of serious 
consequence, as an operator is present and can quickly 
rectify matters. Often the process of re-starting the 
equipment will be all that is necessary. With auto- 
matically operated substations, however, a failure due 
to a minor defect becomes a serious matter, as it may be 
necessary to send a maintenance man 15 or 20 miles to 
rectify it. On some railway systems the service is such 
that railway transport for maintenance men is unsuit- 
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able and it is usually preferable to use road’ motor 
transport, in which case the transportation cost may 
be as much as £2 a visit. There is cne defect in the 
earlier designs of automatic equipments which the author 
has not stressed, this being the slow formation, under 
certain conditions, of copper oxide on contactor contacts 
which continuously carry comparatively small direct 
currents. The origin of this formation is presumably 
a small particle of foreign matter which prevents perfect 
contact, and it still occurs even when the greatest care 
is exercised in keeping contacts clean. Since the oxide 
is an insulator, its formation is often the cause of a 
failure. The trouble can be overcome by using silver 
contacts, but doubtless other and cheaper metals would 
be equally satisfactory. In the earlier equipments the 
amount of “wipe” on interlocks was not sufficiently 
great and, where sufficient mechanical power is available, 
interlocks. should be of. the drum-controller pattern. 
With high ambient temperatures, the insulating varnish 
used on the laminations of small contactors is liable to 
ooze out and cause a contactor to stick. Also, repeated 
operations sometimes result in the armature creeping 
and reducing the lower air-gap, and this also may cause 
sticking. Both these defects can be readily overcome, 
the first by stoving and the second by inserting a thin 
sheet of non-magnetic material in the gap. For heavy 
traction converting plant, at least one manufacturer 
uses brush gear in which two brushes are accommodated 
in one brush box—one plunger controlling the two 
brushes. With this type of brush gear the brushes are 
subjected to unequal wear and, as the shorter brush 
takes a greater share of the spring pressure, the unequal 
wear is accelerated. As a result of this, regrouping and 


_ trimming is considerably greater than when one brush 


per box is employed. With manual operation this is 
not of great importance, as brush-gear maintenance will 
be carried out by the substation attendant in his spare 
time. With automatic working, however, the cost of 
this work becomes a definite maintenance charge. There 
would appear to be no great difficulty in so designing 
the brush gear that the difference in wear of the leading 
and trailing brush will not result in unequal pressure; 
any slight extra capital expenditure involved would be 
amply repaid by the consequent reduction in mainten- 
ance costs. The secondary battery, unless kept auto- 
matically charged, is also a serious maintenance charge, 
as a maintenance man is frequently required to remain 


_ for 6 or 8 hours in a substation, in which he would not 


otherwise be required. Automatic equipments are 
available for keeping a motor-generator charging set 
floating across the hattery, but in practice this system 
is unsatisfactory. With this method of charging, the 
specific gravity gradually falls and in 7 or 8 days the 
discharge capacity of the battery is so reduced that 
there is failure to close a large switch. It would be an 
advantage if some of the battery manufacturers would 
give this matter their attention and give the members 
the benefit of any advice they can. Possibly inter- 


mittent charging controlled by a time switch would 


solve the difficulty. The author has suggested a method 
by which a steady current for the high-speed breakers 
can be obtained from the track supply. A d.c. supply 
for the operation of the main a.c. switches—which are 
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generally high-tension switches—is therefore the only 
excuse for the retention of the battery. Both pneumatic 
and hydraulic: operation have been used in America, 
but very little information as to the success or otherwise 
of these systems is available. Operation by means of 
alternating current is also possible, but this necessitates 
the use of an operating transformer, an unsatisfactory 
piece of apparatus where high voltages are concerned. 
I understand that an operating mechanism has recently 
been developed on the Continent, utilizing the stored 
energy of springs for closing purposes, the necessary 
energy being supplied by an a.c. motor supplied from 
the lower-voltage side of the step-down transformers. 
Many engineers still appear to be nervous regarding the 
effects of repeated short-circuits on traction machines. 


There exist to-day converting sets which have been in 


commission for some years and on which, literally, 
hundreds of short-circuits have occurred without the 
slightest damage to either brush gear or commutator. 
The limitation of damage to track insulators caused by 
high-speed interruption is of great importance and it 
can be demonstrated by actual test that when a 
flash-over is cleared by a high-speed breaker the 
insulator is rarely damaged, but when cleared by an 
ordinary breaker the insulator petticoat is invariably 
fractured. On the Glencoe-Maritzburg section of the 
South African Railways with which I was recently 
associated, the flash-overs were so frequent during some 
of the heavy storms that the load dispatcher was quite 
unable to log the operations of the track high-speed 
circuit breakers, In spite of this there were no persistent 
faults, and traffic was not interfered with in any way. 
A few chipped insulators on the steady arms were 
replaced the following day, this operation being carried 
out with the line alive without interrupting the service. 
With some types of high-speed circuit breaker the 
gradual burning away of the contacts causes a reduction 
in tripping value. If, during the original calibration, 
careful records are taken of spring tensions, readjust- 
ment can be effected in situ by bringing back the:spring 
tension to its original value. It is difficult, however, to 
do this accurately, and a preferable method is to carry 
a spare breaker and to recalibrate periodically in a test 
house, a low-voltage converting set being provided for 
the purpose. The high-speed circuit breaker employing 
a flux-diverting coil or “ bucking bar” is normally 
unidirectional but will occasionally operate on the 
interruption of a heavy reverse current. This some- 
times occurs in practice when high-speed breakers are 
used for track sectioning. The reason for this incorrect 
operation is that, on the interruption of a heavy current 
in the main circuit, the stored energy in the inductive 
shunt causes current to flow in the bucking bar in the 
correct direction for tripping. The best cure for this 
is the deletion of the inductive shunt, which, as the 
author says, is not of great value. With the heavy 
overloads experienced in traction working, an overload 
relay can be nothing more than a fault-protecting device, 
and the only protection against machine overheating 
which has so far been developed is the rather unsatis- 
factory thermal relay. The design of the available 
thermal relays is based on hypothetical load cycles. It 
is practically impossible to forecast the load cycles on 


a traction set with any degree of accuracy, so that the 
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setting of these relays can only be described as approxi- 
mate. Thus if the machine is sufficiently protected by 
one of the existing types of thermal relays, it will not 
be possible to get the maximum output from it with 
load cycles varying from that on which the relay was 
based. Most operating engineers would prefer to work 
on actual hot-spot temperatures, in the same way 
as modern turbo-alternators are operated. The diff- 
culty in utilizing for relay operation the current from 
thermo-couples situated in a revolving armature has so 
far proved insurmountable and the author is to be 
congratulated on the very ingentous methods he has 
evolved for overcoming this problem. The suggested 
miniature alternator in which the field current is sup- 
plied by the thermo-couples appears preferable to the 
rotating relay, which is a somewhat complicated piece 
of apparatus to be mounted on a rotating shaft. In 
my opinion it would be advantageous to use thermal 
relays in manually operated traction substations, as with 
the ordinary type of traction load the only indication 
which the operator has of machine temperature is smell. 
If a thermal device, embodying a thermometer, were 


‘used, the substation attendant would always know the 


condition of each machine and would only start up 
additional machines when this was really essential. It 
is probable that, with this method of working, the instal- 
lation of additional plant necessary to cope with a 
growing load would be considerably delayed. Although 
the actual number of fires in automatic substations is 
probably small, the fire risk is a very serious one since, 
owing to the absence of attendants, any fire which may 
occur will result in considerable damage and may quite 
easily destroy the substation completely. If various 
cables are carried on racks in a basement, then it is 
most essential that the fan inlet should be carried right 
out of the building, as naturally any draught would 
cause a fire to spread rapidly. The enclosure of all 
switchboard wiring in vitrified enamel has been sug- 
gested, but this would be hardly feasible at the present 
stage of development, since many minor alterations are 
found to be necessary after the plant has been put into 
commercial operation. There would, however, appear 
to be nothing against providing a removable back to the 
switchboard, and after all the alterations have been 
completed the space between this removable back and 
the panel could be filled in with magnesite or other 
fire-resisting compound. 

Mr. J. C. Wilson : With regard to flash-overs on 
commutators, I think there is no doubt that the vapour 
produced is highly conductive. I have had similar 
experience of points at a low differénce of potential 
(350 volts-only) at a considerable distance from the 
commutator flashing-over in sympathy. Some two 
years ago we fitted a 1 500-volt 50-cycle rotary con- 
vertor with a sort of louvre close round the commutator. 
The slats of the louvre were of copper and were insulated 
from one another and corrugated. They were pitched 
about +; in. apart. No vapour could get away from 
the commutator without passing along a zigzag path 
between copper plates. The device was quite success- 
ful, the rotary convertor being repeatedly put on to a 
dead short-circuit without flashing-over. The vapour, 
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in washing the copper plates, was robbed of its conduc- 
tivity. There are obvious objections to this construction 
which do not apply to the equally effective air blast, 
but the device is of interest and possibly of use in other 
forms. The vapour is cooled by contact with a large 
surface of copper, but I am inclined to think that the 
effect is due to the neutralization of free ions rather than 
to cooling, although the rarefaction due to high tempera- 
ture may play a part in the conductivity. All flames 
conduct and so does the hot air above a flame, but the 
conductivity is of such a different order from that of 
the vapour in the neighbourhood of a flash-over that it 
becomes a question whether the difference is one of 
degree only. I hope that the author’s suggestions will 
lead to a thorough investigation of the subject. With 
reference to the variation in the calibration of high-speed 
breakers, our breaker, with shunt hold-on and current 
pull-off, varies in calibration by the same percentage as 
the voltage. Probably this variation is permissible in 
practice, but if necessary it could be reduced by adopting 
the author’s suggestion of iron-wire resistances. We 
have used these for other purposes and found them 
quite reliable. I am glad to see that the author is in 
favour of shunt machines. 
realized that a heavy series winding on extreme peak 
loads draws a large wattless current into the machine 
and very greatly increases the heating of the tap coils. 
There are cases where the drop in the station plus the 
drop in the line would be too great, but when possible 
the shunt characteristic prevents surging between 
stations, causes different stations to share the load 
better, and so reduces the peaks on individual stations. 
There is a sort of cushioning which avoids shocks on all 
parts, and the whole system is pushed along instead of 
driven along with hammer blows. In paralleling 
machines and substations troubles are more likely to 
occur with automatic stations than with manual ones, 
and troubles have occurred with manual stations. The 
rule should be to let the characteristic droop as much 
or rise as little as circumstances will permit. With 
reference to thermal relays, the author mentions a 
maximum temperature of 150°C. for the hottest tap 
coil. I think this is about correct for a mica-insulated 
armature, and indeed approximately represents present 
practice on peak loads. This represents a rise of 
110 deg. C. in a warm substation. Then he goes on to 
say that the no-load losses give a temperature-rise of 
half the total. Half the thermometric rise, perhaps, but 
less than a quarter of this 110 deg. C. This makes the 
importance of no-load losses very much less. With 
regard to correcting the thermal relay according to 
whether the hot'rotary convertor shuts down or con- 
tinues to run, if it is intended to switch it en again as 
soon as it has cooled down the automatic gear should 
keep it running and the thermal relay should represent 
the running machine. But if it is arranged to substitute 
another machine it is likely to have time to cool down 
before being called on again, and the discrepancy is of 
little importance. It must be remembered, too, that 
if a traction rotary convertor is cut out because the 
temperature of its copper reaches 150°C. its armature 
core will be far below that figure, and the interchange 
of heat between the copper and the iron is not directly 


I think it is not sufficiently- 


affected by the running. I think it should be recognized, 
however, that a thermal relay can give only a rough 
approximation at best. A perfect one would have to 
be specially designed for every different armature and 
every different field winding. The heating of the tap 
coils on peak loads varies very largely with the wattless 
current and this varies with the degree of compounding, 
so there ought to be a correction, and a considerable 
one, for every change in the series divertor. The design 
of a thermal relay involves intricate calculations, diff- 
cult experiméntal work and guessing, especially guessing, 
and it is a mistake to load up the instrument with 
refinements and corrections disproportionate to its 
capabilities. All the above is an argument in favour 
of the author’s proposal to use a thermo-electric device 


‘on the armature and that, if practicable, would be a 


real solution. His calculation, however, seems rather 
optimistic. The hottest top coil tends to come over 
the coldest bottom coil, so that if we allow 150°C. for 
the hottest coil the couples would get very much less 
than this, and their output would go down as the square 
of the temperature difference. Even accepting the 
calculation as it stands, it is doubtful whether the 
instrument would be strong enough to give a warning 
or to call in another machine to its assistance, as the 
case may be, and it is too weak to reset itself, which 
means that it cannot give a signal when the rotary 
convertor has cooled sufficiently to be returned to the 
busbars. The vertical rotary convertor described in the 
paper is certainly attractive in removing all impediments 
from the commutator blast. I have not found, however, 
that the bottom brush arms on a horizontal rotary 
convertor tend to flash more than the top arms, and if 
this is so it is not clear that there would be sufficient 
practical advantages to justify the cost of development. 

Mr. B. H. Leeson: A few years ago there was a 
tendency to think that the performance during a short- 
circuit of the commutator and brush gear of a rotary 
convertor would be so improved in the future that the 
further aid of any special switchgear would be unneces- 
sary. As the author points out, experience has proved 
that the high-speed breaker has justified itself as a neces- 
sary and reliable piece of apparatus which, in practice, 
lessens the damage to and reduces maintenance costs 
of the commutating equipment. I agree with the 
author that a method of tripping dependent upon the 
rate of change of current (to differentiate between over- 
load and fault conditions) is not ideal. For example, 
faults often occur during overloads, and under these 
conditions the tripping-current value of the circuit 
breaker unfortunately is increased. A more complete 
knowledge of conducting vapours is desirable, but their 
very existence will always call for a practical solution 
of the troubles they introduce. In the switchgear 
portion of the equipment the problem is already solved 
by the use of metal-clad gear and the breaking of all 
alternating currents in oil. On the d.c. side of the 
machine, where currents are broken in air, definite pro- 
vision should be made for controlling the paths taken 
by the conducting gases and they should never be 
allowed to dissipate in a haphazard manner in the 
vicinity of live conductors. In the case of d.c. con- 
tactors, the problem has been overcome in one well- 
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known automatic equipment by breaking the arc near 
the bottom of the metal enclosure. The vapours pro- 
duced by the arc are blown clear of all live metal by a 
blast of air (generated by the opening of the contactor) 
into ducts or chimneys through which they pass and 
are cooled, so that when finally discharged into the air 
they are in a harmless condition. I suggest that an 
endeavour should be made to apply this principle to 
the d.c. end of the machine. Instead of the axial 
draught tending to blow the conducting vapours, for 
example, into contact with the pedestal bearing, could 
not some form of collecting funnel made of insulating 
material with a dissipating chimney be provided to 
draw in the gases produced under short-circuit, cool 
them, and then discharge them harmlessly into the 
atmosphere? The arrangement of the commutator 
equipment shown in Fig. 4 would be ideal for this 
purpose. The principles of thermal control advanced 
by the author, which underlie the design of the double- 
element thermal relay, Fig. 6, and the maximum hot- 
spot relay, Fig. 7, are sound and attractive. With 
regard to Fig. 6, I should like the author’s opinion 
upon an alternative method which is in use for achieving 
the same purpose and which was devised primarily to 
eliminate any further complication in the construction 
of the ordinary current-element thermal relay. The 
method consists of leaving the thermal relay normally 
de-energized until a current slightly exceeding full load 
is reached, when an auxiliary over-current relay causes 
it to be energized. By this means the thermal relay 
normally starts cold so that its zero condition is the 
same whether the machine is running loaded, lightly 
loaded, or is standing, and its characteristics are regu- 
lated to imitate the shape of: the over-current/time 
curve of the machine. Thermal relays are usually set 
to operate so that under ordinary conditions the machine 
is shut down before the maximum safe hot-spot tempera- 
ture is reached, in order to provide a margin of safety 
to cover any inaccuracy which may exist under certain 
conditions between the actual machine temperature and 
that of the relay imitating it. Used in this way, thermal 
relay protection has proved satisfactory. The maximum 
hot-spot relay enables additional output to be obtained 
from a machine by eliminating this safety margin, but, 
so far, little progress has been made upon these lines, 
owing to difficulties in manufacturing a practical 
apparatus. The author’s proposals go a long way 
towards solving this problem. I fear that difficulty 
would be experienced in calibrating and adjusting the 
relay shown in Fig. 7. Further, it has the disability of 
not being self-resetting and thus lacks the ability to 
give a warning of impending shut-down or of re-starting 
the machine when its temperature has fallen to a safe 
limit. The alternative scheme, Fig. 9, employing a small 
generator and stationary relay, appears to be a practical 
proposition because the relay can be made self-resetting 
and therefore can incorporate the features lacking in the 
rotary relay. The question whether an average tempera- 
ture thermal relay or a maximum hot-spot thermal relay 
should be: used depends upon the local conditions of 
each case; for example, the latter is not applicable where 
the output of the machine is governed by limitations in 
commutation. The general problem at issue is not 


solved by merely providing means for shutting down an 
overheated machine, because the first consideration must 
be continuity of supply, and the aim usually is to provide 
other sources of supply before actually shutting down 
a machine. The author has said little about this all- 
important problem of continuity of supply. What 
policy would he recommend for re-starting a machine 
protected on the hot-spot temperature method? I 
suggest that for traction loads where all the available 
plant in a given substation is running, it would be 
desirable to switch in the overheated machine again 
after the maximum hot-spot temperature has dropped 
to a value corresponding to a 14 to 2 minutes’ cessation 
of supply. By this means the load could be “‘inched”’ 
along, but to allów the machine to cool more than this 
(or, in the case of Fig. 7, to wait until it approaches a 
standstill) might result in traffic being unduly delayed. 
Thus, maximum hot-spot protection as suggested by 
the author seems the best to adopt in cases where plant 
is stressed up to its maximum and stand-by plant is not 
available. In cases, however, where stand-by plant is 
available, the over-current and average thermal relay 
method described herein provides continuity of supply 
either by automatically starting up the stand-by plant 
or by giving warning to the control engineer so that he 
may take steps to provide an alternative supply before 
the overheated machine shuts down. 

Mr. F. von Schulthess: The author has paid 
particular attention to the question of short-circuits, 
and I think that he need not have excused himself for 
having dealt with this matter in great detail, because 
the behaviour of the rotary convertor under these con- 
ditions has always been the main question in the appli- 
cation of the rotary convertor to traction work. As 
the author clearly states, in traction work dead short- 
circuits have to be accepted as belonging to normal 
load conditions, and the rotary convertor must be so 
designed as easily to withstand them. The problem of 
the short-circuit is, I think, most interesting from the 
electrical point of view, and in this connection I should 
like to refer to a point which the author mentions on 
page 671, where he ‘says that the phenomena which 
occur on short-circuiting a rotary convertor are some- 
what complex, and mentions the behaviour of the 
convertor on a short-circuit and the influence of the 
inherent reactance of the rotary-convertor transformer.: 
Some five years ago very comprehensive short-circuit 
tests were carried out with the rotary convertors for the: 
Midi railways in France. The particulars of these' 
machines are:—D.C. pressure, 1 650 volts; continuous 
output, 750 kW, with overloads for 2 hours up to 
1125 kW and for 5 minutes up to 2250 kW; speed 
750 r.p.m.; frequency 50. The conditions stipulated 
in the contract in regard to withstanding short-circuits 
were extremely severe and necessitated the carrying 
out of a large number of short-circuits. The test 
arrangements included, in addition to the ordinary 
measuring instruments, an oscillograph which allowed 
the direct current and d.c. pressure and the alternating 
current in one phase to be measured. Further, a 
torsiograph was fitted which enabled the variation of 
the speed of the rotary convertor during the short- 
circuit to be determined. The d.c. circuit was inter- 
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rupted by a high-speed d.c. circuit breaker in 0:015 to 
0-02 sec. Chiefly for scientific reasons it was desired 
to determine to -what extent the short-circuit energy 
was supplied by the kinetic energy in the rotor and to 
what extent the energy was taken from the a.c. system. 
The tests were made on the following lines :— 


(1) By means of the torsiograph the reduction in 
speed during the short-circuit was measured. 
This allowed the reduction in the kinetic energy 
of the armature, which represents the energy 
flowing into the short-circuit, apart from the 
mechanical losses, to be calculated. 

(2) The drop in the armature speed also allows the 
asynchronous torque to be approximately deter- 
mined, such torque representing one part of the 
energy supplied from the a.c. system. 

(3) The maximum deviation of the armature allows 
the corresponding synchronous torque to be 
calculated, such energy being also supplied from 
the a.c. system. 

(4) The d.c. pressure and current give the electrical 
energy in the short-circuit. 


These investigations were only correct when the 
assumption was made that the rotary convertor did 
not fall out of step, which was actually the case under 
the above conditions. The results obtained were :— 


Mean speed reduction measured in the 
different short-circuit tests in the time 
interval of 0:02 sec. .. Si a 

Average output supplied into the short- 
circuit by the inertia of the armature 6 400 kW 

Average output supplied by the a.c. sys- 
tem by means of the asynchronous 


2 per cent 


torque .. is she ate 200 kW 
And by the synchronous torque 113 kW 
Making a total of 6 713 kW 


These figures were checked by means of the elec- 
trical energy measured in the d.c. circuit, and when 
taking into account the losses in the convertor the above 
figures were practically confirmed. The results quoted 
above confirm the author's assumption that the greater 
part of the instantaneous energy is supplied from the 
stored kinetic energy of the armature. In the present 
instance the figure is 95 per cent. The author at- 
_ tributes this to the high reactance of the transformer, 
but I cannot help feeling that, however low we might 


make the reactance of the transformer, something of the | 


order of 95 per cent of the instantaneous short-circuit 
energy would still be drawn from the stored kinetic 
_ energy of the armature. It may be well to emphasize 
that I am speaking only of the transient period immedi- 
ately following the short-circuit and this is really all 
that we are concerned with, as the high-speed circuit 
' breaker does not allow the short-circuit to persist 
beyond this period, but opens the circuit well before 
the transient is over, in something of the order of 
0-02 sec. For the study of the short-circuit I find it 
convenient to regard the rotary convertor as a d.c. 
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generator driven from two sources of energy, both of 
which can be drawn upon when the short-circuit occurs. 
The first is the stored kinetic energy of the armature, 
and this, as the short-circuit tests which I have men- 
tioned show, supplies about 95 per cent of the short-circuit 
energy. The second source is the a.c. supply, which 
I regard as driving the generator through an imaginary 
motor and supplying the remaining 5 per cent of the 
short-circuit energy. The proportion of the energy 
which each of these two sources supplies is determined 
as follows. The amount of stored kinetic energy sup- 
plied by the short-circuit depends upon the drop in 
speed of the armature. The amount of energy supplied 
by the imaginary driving motor by virtue of its syn- 
chronous torque depends upon the angular displacement 
of the armature, and by virtue of its asynchronous 
torque depends upon the drop in speed of the armature. 
Now, a very slight drop in speed represents a very large 
amount of kinetic energy, whereas the same drop in 
speed would give rise to comparatively little asynchronous 
torque energy over the very short interval involved, and 
the angular displacement of the armature would give 
rise to comparatively little synchronous torque energy. 
We can summarize the above conditions by saying that 
the rotary convertor changes from a convertor into a 
d.c. generator during the transient period. The rotary 
convertor only converts electrical energy in the form of 
alternating current into electrical energy in the form of 
direct current when the armature is steady with regard 
to the field. Generally speaking, the above conditions 
not only apply to the transient periods in the case of a 


short-circuit but actually occur during every variation : 


of the load on the rotary convertor. When we consider 
the short-circuit conditions in the case of the great rival 
of the rotary convertor for traction purposes, namely 
the rectifier, we have to realize that the conditions there 
are entirely different. In the case of a rectifier we have 
no rotating part, no stored kinetic energy whatever 
which might work in a disadvantageous manner during 
a short-circuit. The rectifier is, so to speak, a static 
convertor, and the short-circuit energy has to be 
supplied entirely from the a.c. side. In this case the 
inherent reactance of the rectifier transformer is an 
important factor in the building-up of the short-circuit 
current. By designing the transformer in an appropriate 
way, we have in hand, to a certain extent, the possibility 
of mitigating the heavy short-circuit conditions. The 
rectifier is insensitive to short-circuits; this seems at first 
glance to be an extraordinary quality, but we must not 
forget that, in the case of a short-circuit, the rectifier 
works as a convertor as under normal load conditions. 
All the shock of the short-circuit has to be borne by the 
rectifier and its transformer and, broadly speaking, the 
a.c. network. In the case of a rotary convertor, how- 
ever, the whole shock has to be borne practically by 
the rotary convertor alone, which makes the conditions 
extremely severe for it. This feature of the rectifier in 
the case of short-circuits is, I believe, a very important 
factor which has allowed an extensive application of 
rectifiers in automatic substations for traction purposes, 
in spite of the rectifier being a comparatively young 
product which has not yet been developed to nearly such 
an extent as the rotary convertor. 


AUTOMATIC EQUIPMENTS FOR HEAVY TRACTIQN SUBSTATIONS: DISCUSSION. 697 


Mr. J. A. Anderson (communicated): The author’s 
remarks in regard to batteries are of particular interest. 
There are many reasons why one should avoid the use 
of batteries wherever possible, and on the other hand 
there are many cases where the use of batteries is essen- 
tial for the satisfactory operation of certain apparatus. 
This appears to be the case in connection with the 
operation of high-speed circuit breakers and main a.c. 
switches, and, as the author states, the battery is at 
present the only source of supply which can itself meet 
all the control current requirements in the automatic 
substation. To enable the battery manufacturer to 
give a considered opinion, a clearer statement of require- 
ments should be made. To determine the size of the 
battery, he would require to know the continual drain 
on the battery and the approximate maximum loads 
and duration of such loads, also what variation in 
= voltage is permissible for holding-in the high-speed 
circuit breakers and for their calibration. It might 
also be indicated what period -of time would elapse 
between one visit and another, and the duration of 
such a visit, and also the time during which the sub- 
station is likely to be out of operation, during which 
time the battery would be on discharge. The author 
has a good deal to say about the range of battery voltage 
and on page 683 gives the total range of voltage as 2 to 1. 
This variation would to a large extent depend on the 
rate of discharge compared with the size of the battery. 
Under normal conditions the nickel-iron cell requires 
a maximum of 1-75 volts per cell to charge it at the 
normal rate, but this condition is not éssential to the 
successful operation of this type of battery. Nickel-iron 
cells will work perfectly well under permanently floating 
conditions without gassing charges, and in this case a 
voltage of 1-5 per cell would be sufficient to keep it in 
condition. A fully-charged battery during discharge 
has a voltage of about 1-3 per cell at the commence- 
ment, falling to about 1-2 per cell when nearly fully 
discharged. The voltage would fall below 1-2 per cell 
during discharge at abnormally high rates. It would 
therefore appear to be the better arrangement to have 
the batteries floating on constant voltage, which is a 
normal method of charging a well-known make of nickel- 
iron battery, so that during the time the substation is 
in commission and running normally the control voltage 
would be practically constant. The author does not 
state what variation of control voltage can be tolerated. 
If close regulation of voltage is necessary, an auto- 
matically operated tapping switch might with advantage 
be inserted in the control circuit to keep the voltage at 
a predetermined figure. It would appear to be advisable 
to provide a tapping switch for either a lead or a nickel- 
iron battery. It is possible, however, that all practical 
requirements would be met if the tapping switch was 
hand-operated and connected to the battery at three or 
more points, As far as nickel-iron cells are concerned, 
these three points would be placed approximately as 
follows :— 


Point 1. All cells in the control circuit when the motor- 
generator is off. 

Point 2. 80 per cent of the cells in the control circuit 
when the battery is floating. 


Point 3. 70 per cent of the cells in the control circuit 
when the battery is being charged at the 
normal rate at the end of its charge. 


Provision would thus be made for shutting down the 
motor-generator for attention during any periodical visit 
and for giving a supplementary charge to the battery. 
The control voltage during any of these periods could 
then be kept normal, As the nickel-iron cell does not 
suffer in any way from overcharging, there is no objection 
to running a battery of this type continuously on con- 
stant voltage, even if no current is being taken out of 
the battery. As it appears to be desirable to have a 
close regulation of voltage for the holding-in coils of the 
high-speed circuit breakers, it might be worth while 
considering the installation of a separate battery for 
this purpose. This battery could be of comparatively 
small capacity, and the voltage on the control circuit 
would not be interfered with when the circuit breakers 
or main high-tension switches were being operated. 
Seeing that this battery would only be required for the 
track circuit-breakers, a charging motor-generator for 
this battery might with advantage be driven from the 
track circuit. This would ensure a continual supply of 
control current, even if the substation were put out of 
commission indefinitely. 

Mr. G. H. Bowden (communicated): In connection 
with the need of reducing the length and frequency of 
visits to automatic substations, attention is called to 
the need of avoiding danger with machines left for long 
periods, from short-circuits across the insulation of 
slip-ring gear due to the collection of metallic dust from 
the copper-morganite brushes commonly employed. 
Increased leakage-paths seem desirable for this work, 
both upon the collector gear and also between the 
slip-rings. It is thought that the accumulation of this 
dust is due largely to electrostatic attraction, and that 
advantage might accrue from provision of strong ventila- 
tion here, or some means of attracting dust particles 
from places where their collection is likely to cause 
danger. The curves showing relative performances of 
normal pattern and quick-release circuit breakers are 
particularly interesting, but unfortunately they do not 
illustrate the corresponding voltage-rises. The state- 
ments of the author and another authority upon the 
matter, that “the flash-over in the case of a machine 
protected by a normal circuit breaker occurs after inter- 
ruption of the circuit,” lead me to suppose that the 
voltage-rises consequent upon the interruption of short- 
circuits have an important bearing upon ‘the whole 
matter. Are the notes at the head of col. 1 on page 673 
to be construed as a denial of this? I believe that the 
voltage-rises, caused by the too rapid interruption of 
the circuit with early breakers, greatly stressed the 
insulation of both plant and track equipment. Is not 
this voltage surge the chief cause of flash-overs to the 
frame? From time to time various reasons have been 
put forward to explain convertor flash-overs—distortion 
of field flux and consequent bad commutation, pressure- 
rises upon interruption of circuit, and vapour generated 
by heavy short-circuit currents badly commutated. 
Perhaps these are all contributory causes, no one alone 
being responsible. To curtail the period of faulty com- 
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mutation by means of the quick-release circuit breaker 
must minimize the amount of: metal volatilized when 
short-circuits occur. This gives support to the author’s 
theory of the vapour asa contributory cause, and also 
explains the success of the quick-release circuit breaker. 
With regard to the employment of stabilizing resistances 
operating in conjunction with circuit-breaker hold-on 
coils, I presume that the self-induction of the electro- 
magnet employed must be sufficient to compensate for 
the time-lag in these thermal stabilizing devices when 
severe depressions in line voltage occur. In view of the 
great variation in heating of the convertor hot-spots 
with power factor, I imagine that there would be difficulty 
in reproducing armature heating conditions so faithfully 
in the external thermal relay, as in the Elliott cable 
live-core temperature indicator that it resembles closely. 
Does the author consider that a feasible solution .is to 
insert a conductor of tubular form in place of a short 
length of armature winding end-turn, into which a suit- 
ably insulated bulb of a capillary-tube thermometer or 
thermostat could be inserted? The heater tube would 
be so insulated as to follow closely the winding hot-spot 
temperature, and would itself be in series with a turn 
of the winding subject to the maximum heating, namely, 
close to a slip-ring tapping point. No difficulty should 
arise in arranging for the thermostat connected to the 
bulb by a capillary tube to operate a substantial contact- 
making device. The rotary relay is hampered by so 
many limitations that it is thought that grave difficulty 
would prevent its operation as a reliable device. The 
available power must, in conjunction with the relative 
inefficiency of the relay (in comparison with the 
commonly-used moving-coil milliammeter), make the 
working forces small, so much so that I should imagine 
that trouble would be experienced in securing stability 
in the face of vibration and shock that traction plant 
must contend with. Does not the use of a thermal 
relay as a controlling device mean a reduction in the 
factor of safety, and is the author convinced that its 
use other than as a danger alarm would not be contrary 
to good operating practice? In the case of the vertical 
rotary convertor I notice that leads are taken through 
the hollow shaft to emerge via radial holes, as in some 
motor convertors. Troubles experienced with shaft 
leads on induction motors at the points where the leads 
come out via the holes would lead me to suggest that 
this would be a point of weakness, now avoided in more 
recent two-bearing motor convertors. Automatic sub- 
stations with self-synchronizing machines seem to require 
a considerable amount of switchgear not seen in the 
manual stations employing high-tension synchronizing. 
Could not such gear be simplified by the use of 
automatic synchronizers now on the market, and the 
operation effected quite as well as at present? With 
increase of power and voltage, is not the panel mounting 
of switchgear for these automatic plants likely to be 
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superseded by a new lay-out, or is the present arrange- 
ment capable of satisfactory development? Battery 
charging from the track is economical in view of the 
small amount of power used, and the manual control 
which is guided by a special ampere-hour meter in the 
case of electric vehicles should be easily reproduced by 
arranging a contact-making integrating meter.to control 
a line-supply contactor. The rotary convertor has 
rivals in the field, and the application of too many 
devices for its protection will make it so complicated 
a piece of apparatus that the scale will be turned in 
favour of the rival machines. 

Mr. A. P. Wilmshurst (communicated): At the begin- 
ning of the paper the author emphasizes the fact that 
the full advantage of automatic working can only be 
obtained if the maintenance of plant is reduced to a 
minimum. Later, he advocates the use of the oil-film 
type of air filter. Such a filter involves maintenance 
which, one would imagine, in a dusty country such as 
South Africa or India would be considerable. A separate 
maintenance staff for the filters would be practically 
essential, as the trained maintenance man could not 
spare the time necessary to clean the filters, nor, having 
done so, could he carry out his other duties unless 
washing facilities were provided. Water is necessary 
for cleaning the filters and this would have to be carried 
to the substation unless a supply were available. If, 


- however, a water supply of some kind were available, 
; as is usually the case in suburban areas and at main-line 


substations situated near railway stations, air filters 


. would appear to be definitely inferior to air coolers, the 


use of which without filters the author does not appear 
to have considered. The maintenance of an air cooler 


- is much less than that of an air filter, and ventilators 
‘ which, as the author points out, provide a means of 
ingress for dust, moisture and vermin, would be unneces- 
_ sary; the rotary convertor would simply draw its air 
: from the substation basement and circulate it round 
: the substation. With regard to thermal relays, the ' 
- author’s design, if it could be made mechanically sound, 


would be ideal for the thermal control of a large machine, 


' but there is still scope for a simple relay for the pro- 
: tection of smaller machines. 


The author mentions one 
simple form of thermal relay which depends for its 


action on the heating effect of eddy currents induced 


in an iron circuit clamped round one of the connections 
to the rotary-convertor slip-rings. If one portion of the 
iron circuit were so designed as to be magnetically 
saturated by the no-load current, its losses would be 
substantially constant and would represent the constant 
losses in the machine. This would meet the author’s 
objection that the normal type of thermal relay takes 
no account of no-load losses, and should be simpler than 
using an additional heating element. 


"The author’s reply to this discussion will be found on 
page 704.) 
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damage. A year or two ago I had the opportunity of 
seeing a motor convertor on test with a high-speed | 
circuit breaker. The flash-over appeared to be very | 


Mr. E. W. Porter : To me the most striking property 
of the modern motor convertor is the remarkable way 
in which it will stand repeated short-circuits without 
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severe, but on examination afterwards the damage was 
found to be negligible. In this particular apparatus no 
appliances such as fans or special brush gear were fitted. 

Mr. H. Cotton : Not including the rotary convertor 
itself, the most vital part of the equipment is the auto- 
matic quick-acting circuit breaker, which clears the 
circuit in the event of a fault in such a very short time, 
about 0-015 sec. on an average, that it is possible to 
predetermine with considerable accuracy what the 
operation of the machine will be during this period. 
It may not be generally appreciated that even in such 
a short interval as 0:015 sec. the great majority of the 
energy fed into a short-circuit is derived from the kinetic 
energy of the armature, and that the contributions of 
the asynchronous torque (due to the damping winding) 
and of the synchronous torque are very small. To 
make this point clear I calculated these contributions 
for a normal rotary convertor overloaded to 8-5 times 
its normal full-load output, and cleared in 0-015 sec. 
The output due to the asynchronous torque only came 
to 0-5 and that of the synchronous torque to 0-2 of the 
normal output. Although the operation of the machine 
during short-circuit conditions is very complicated, a 
fairly simple exposition can be given by the help of 
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a mechanical model which has been used previously by 
Carr and also by myself to elucidate the action of 
synchronous machines during transient conditions. 
This model (see Fig. A) consists of a heavy disc mounted 
on a horizontal axis, having a weight W, fastened at 
one point to its periphery, and a second weight W, 
hung from a string passing round the disc. The torque 
due to W, is a sinusoidal function of the displacement 9, 
so that this torque represents the synchronous torque 
of the machine. The torque due to W, is the load 
torque; the frictional torque of the bearings, assumed 
proportional to d6/dt, represents the asynchronous torque. 
To imitate the case of a rotary convertor during short- 
circuit, imagine that the weight, or force W,, is initially 
zero and that it subsequently goes through the changes 
of magnitude corresponding to the short-circuit curve 
obtained with its own particular quick-acting breaker. 
Then by taking the mathematical function which most 
nearly fits the current/time curve, or, if this is incon- 
venient, using a step-by-step method, it is possible to 
calculate the displacement 0 and also the angular 
velocity. d0/dt attained at the moment the fault is 
cleared. Then by taking these values as initial con- 


‘of the armature? 


ditions and considering the action with Wg equal to zero, 
the total angular displacement can be determined. If 
this displacement is less than 180° the machine should 
theoretically pull into step, although it is to be noted 
that W, will have a small finite value even after clearing 
the fault, because of the iron and friction losses in the 
machine. This will give a position of unstable equili- 
brium less than 180°, which position must not be attained 
if the machine is not to fall out of step. Iam at present 
concluding a.research on the rotary convertor on the 
above lines, and the calculated and observed behaviours 
are found to agree very closely. I am interested in the 
design for a vertical-shaft. rotary convertor suggested 
by the author, and there seems to be no reason why 
such a construction should not be adopted, In such 
a case, is the author sure that the draught of air blown 
across the face of the commutator would not tend to . 
spread out in a lateral direction instead of maintaining 


_ the required vertical path? It appears that the centri- 


fugal force on this air might cause it to take such a 
lateral path. I should also like to make a suggestion 
with regard to the rather peculiar flash-over which 
the author states happened at the slip-ring end of 
a machine. Is it possible that in this case the time of 
short-circuit was so long that energy was drawn from 
the a.c. side, and not all derived from the slowing down 
In such a case there would be a 
sudden large increase in the alternating current fed to 
the machine, and this current would have to flow first 
through the cables, which in the cable duct would 
probably be bunched close together, and then to the 
slip-rings, the connections to which would be spread out 
somewhat. In this way the suddenly increased current 
would meet a change in the natural impedance of the 
circuit which might cause an over-voltage in the manner 
familiar to transmission-line disturbances. No doubt 
the presence of conducting gas is a more likely cause of 
flash-over in general, but it is possible to conceive that 
conditions might be aggravated by the above rise in 
pressure at the slip-rings. 

Mr. F. Nicholis : The author lays particular stress 
upon the necessity for an accurate thermal relay to 
operate the d.c. circuit breaker of a rotary convertor 
in dealing with heavy overloads, when the tempera- 
ture-rise reaches a predetermined limit. He mentions 
that a good rotary convertor will deal with three times 
normal full load; I agree that a modern rotary convertor 
is a very good machine, but I see no reason for thermal- 
relay protection. With a convertor operating under 
these conditions it would appear that the overload 
breaker would be set to operate only on short-circuit. 
Under such conditions would it not be preferable to 
arrange to switch in another machine? | | 

Mr. J. F. Driver: The author's design for the 
vertical type of rotary convertor is very good, and I 
see no reason why it should not be adopted. The 
author suggests that air should be drawn in from the 
outside to ventilate the machines, but in the event of 
a fire this plan would result in oxygen being fed to the 
machine. Would it not be possible to have a CO, bottle 
which, in the event of a flash-over, could be broken in 
the event of any serious burning? The use of iron wire 
in hydrogen for giving a constant-voltage lamp is very 
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interesting. It is suggested that these iron resistances 
should be put in series with the coils of the circuit 
breaker, but what happens if the filament breaks? 
Before they are put into an automatic substation we 
must be well satisfied that the filaments will not fail, 
or troubles will multiply. My experience of the applica- 
tion of thermo-couples has been with the home-made 
type, which is not particularly reliable. Can thermo- 
couples be purchased or made so as to be really reliable, 
or are they likely to break in service on the generator ? 


NORTH-WESTERN CENTRE, AT 


Mr. G. A. Juhlin : It is interesting to note that the 
author states that it is possible to obtain 750-volt rotary 
convertors connected two in series for 1 500-volt opera- 
tion which will stand up to short-circuits without the 


The suggestion of using the dynamic junction is excellent 
on paper, but in the event of serious overloads would 
it not be possible for stray fields from the rotary con- 
vertor to supply a little magnetism, say a stray magnetic 
field, which would generate current in the alternator 
and thus upset all the arrangements made for automatic 
protection ? 


[The author's reply to this discussion will be found 
on page 704.1 ; 


MANCHESTER, 3RD APRIL, 1928. 


speed breaker is very advantageous in this respect. This 
area is also an indication of the damage which may be 
caused to the equipment if the fault occurs at this point, 
and it is clearly desirable to reduce this to the minimum. 


Alternating current with 


normal-type breaker 


Alternating current 
with pigh-speed 
réaker 


1800 amps. 


Se —-—:—-> 
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Fic. B.—Short-circuit test on 2000-kW 800-volt 25-cycle rotary convertor. Total external resistanice 0:0029 ohm. 


use of high-speed circuit breakers, I am of the opinion, 
however, that the high-speed circuit breaker is necessary, 
and desirable from the point of view both of the con- 
verting machinery and of the traction equipments. The 
damage to equipments will certainly be less if the circuit 
is interrupted rapidly. It is interesting. to compare the 
short-circuit currents when using a high-speed circuit 
breaker with those obtained with an ordinary type of 
circuit breaker. A series of tests were carried out un a 
2 000-kW 800-volt 25-cycle rotary convertor in order to 
determine the short-circuit current obtained. Fig. B 
shows oscillograms of both alternating and direct cur- 
rents obtained with the different circuit breakers in use. 
It will be noticed that the time required to break the 
current is about four times as great with the ordinary 
type of breaker as with the high-speed breaker. The 
area included by the d.c. curves may be taken asa rough 
criterion of the liability of the machine to flash over, and 
it will be evident from the oscillogram that the high- 


A point of considerable interest and one which, as far as 
I am aware, has not been clearly brought out before is 
the effect of the high-speed circuit breaker on the alter- 
nating current. It will be seen from the oscillogram 
that this current is five times greater with the normal 
type of circuit breaker than with the high-speed type. 
This fact seems to me to be of considerable importance 
from an operating point of view, as the disturbance on 
the a.c. side of the system is very much less when the 
high-speed circuit breaker is used, and I am of the 
opinion that for the above reasons high-speed circuit 
breakers would be found useful even in ordinary 600-volt 
traction work, | 

Mr. F. P. Whitaker: We must be careful that, when 
criticizing our own work, we do not cause others to lose 
sight of the good service which is being rendered in all 
parts of the world by these automatically controlled 
stations. I mention this because this paper has resulted 
in English manufacturers being unduly criticized for 
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installing automatically controlled rotary convertors 
rather than automatically controlled rectifier equip- 
ments. A careful analysis of the rectifier on the Con- 
tinent, in England, and elsewhere, will not lead engi- 
neers to the belief that such equipments have reached 
the standard of maintenance and operation that is 
expected and has been obtainable for years from rotary 
convertors manufactured in this country, and operating 
on all voltages up to 1500 V, These remarks apply to 
those countries where the climatic conditions are easy 
and no difficulty is experienced in cooling the rectifier. 
When one remembers the importance of some of the 
large railway electrifications undertaken by British 
firms, and that these schemes have necessitated sub- 
station equipments capable of withstanding high load 
factors with superimposed overloads, operating in cli- 
mates where the substation temperatures vary from 
— 15° C. to + 50° C. and where water is scarce or com- 
mercially impossible to acquire, it will be realized that 
there is a good reason for choosing rotating machinery 
in preference to the rectifier. When the rectifier has 
developed to a state when it will operate on high load 
factors and carry heavy overloads without risk of 
back-fire; when satisfactory methods have been found 
for the elimination of telephonic disturbances in the 
difficult cases as well as in the easy ones; when cooling 
for the vacuum chambers can be obtained with reason- 
able certainty that they will not be affected by climatic 
conditions or corrosion, then undoubtedly the rectifier 
will find a field on some 1 500-volt d.c. electrifications, 
and certainly on 3000-volt d.c. systems the operating 
efficiency would be much improved by their use. 
Engineers would, however, be ignoring facts if they 
were to assume that these difficulties are at present 
solved. Several of the large electrifications that have 
been installed in the last few years have been supplied 
from generating stations with little or no load other 
than the railway load. With the distorted wave-shapes 
of alternating current flowing in the rectifier, it is doubt- 
ful whether such a load could be handled by the 
generating equipments without causing serious losses in 
the generators. It will be realized that this is a con- 
dition different from that which obtains when only a 
relatively few rectifiers are connected to a large system. 
On page 675 the author mentions that when heavy 
short-circuits occur some 80 per cent or more of the 
line voltage may be instantaneously applied across the 
terminals of the series winding. From investigations 
which I have made, the drop across the series windings 
of rotary convertors is only a small proportion of the 
normal generated voltage. I think that the author 
must have had in mind the drop across the compensating 
windings of motor-generator sets, and if that is so I 
entirely agree with him. I shall now show one or two 
lantern slides for the purpose of pointing out the differ- 
ence in the volume of copper vapour which is produced 
when operating with (1) a high-speed breaker and (2) a 
low-speed breaker. When a low-speed breaker is used 
the quantity of copper vapour produced is such that the 
machine is running very near the condition where, when 
the breaker opens and the machine recovers its voltage, 
it is inclined to flash over. 

Dr. R. G. Jakeman: It seems very infortunate that 
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we have to use two machines ‘in series for 1 500 volts; 
it means that we have two commutators, both of which 
carry the full current. An advantage is gained by 
using a motor convertor for 1500 volts, because a 
frequency of 25 cycles or less can be employed. There 
is no doubt a future for such machines, although they 
have the drawback of a rather high voltage on the 
rotor. If the number of poles is the same at each end 
of the set, the phase voltage on the rotor is over 500 at 
synchronous speed and about 1700 between the slip- 
rings at starting. With regard to flashing, it is quite 
true that the conducting vapours have a very bad 
effect, and with the ordinary d.c. machine the flash-over 
is certainly caused by the building up of the voltage 
after the breaker has opened, so that an arc is struck 
through the conducting vapours. With the rotary con- 
vertor, however, another condition occurs. In a 
modern rotary convertor the excitation of the commu- 
tating poles is usually of the same order as the armature 


' reaction as a d.c. machine. While there is a short-circuit 


on the rotary. convertor, practically all the energy is 
being taken out of the rotating parts, and the rotary 
acts as a d.c. generator. As the excitation and arma- 
ture reaction are practically equal, the resultant ex- 
citation is zero, with the result that the neutral is 
shifted forward. The result is that the voltage per 
segment under the brush is fairly high, but as the 
commutator moves forward it decreases, so that the arc 
is not maintained. That is the reason, as mentioned 
by the author, why the range of incandescence reaches 
a short distance only. As soon as the breaker is opened, 
however, the machine works as a synchronous motor, 
taking the alternating current from the line. There is 
no direct current in the armature, so that the a.c. 
armature reaction magnetizes the commutating poles. 
This shifts the neutral back behind the brushes, so 
that the voltage per segment increases as the seg- 
ments leave the brush, and the arc is liable to be main- 
tained if the alternating current has been allowed to 
become excessive by delay in opening the short-circuit. 
With regard to the question of shunt or compound 
windings on rotary convertcrs, it appears to me that the 
regulation of a shunt rotary ought to be quite close 
enough and that it should not be necessary to incur the 
extra complication of compound coils. One great 
advantage of using shunt rotaries is found when regener- 
ation is required. The compound rotary has to have 
its compounding winding cut out or reversed if it is to 
be used for regenerating. What appears to me to be 
one great disadvantage of the proposed vertical type of 
rotary convertor is that the little bits of carbon which 
usually come off the brushes under heavy short-circuits 
will fall into the machine. I am not sure that the new 
method of ventilating the armature would really be 
found to give much advantage, because I doubt whether 
very much air would get through those small holes. 
With regard to leads being taken straight from the 
commutator, I think that the saving in heating would 
be practically negligible. I would rather have the leads 
outside the shaft than inside. I think that there will 
be no difficulty in regard to the guarantee for hot-spot 
temperatures, but who is going to guarantee the thermal 
relay? If the relay can be guaranteed to work accu- 
45 
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rately there is no doubt “that the hot-spot temperature 
will not be exceeded. I think that the temperature of 
150° C. is rather high; perhaps 110° C. to 120° C. would 
be better. | l 

Mr.G. F. Sills: On page 669 the author suggests that 
switch contacts generally should be so designed as to be 
shielded from dust. In the ordinary automatic switch- 
ing equipment for rotaries a large number of relays and 
contacts—most of them of a delicate type—are exposed 
to dust, fumes, etc. The modern tendency is to enclose 
all forms of switchgear, so it is perfectly logical to 
suggest that this should be done where these auto- 
matic equipments are concerne. It is interesting to 
know that one English firm has on the market some- 
thing like 100 automatic equipments where the relays 
are placed in 3 or 4 groups enclosed in cast-iron cases 
with strong glass tops, so that the relays and their 
contacts, push rods, wiring, etc., are in perfectly dust- 
tight cases and the glass tops enable the operator to 
watch the operation of the contacts and examine them. 
There are also small indicators which show which 
relay is not functioning. The same firm encloses the 
contactor gear (which happens to be of the cam-shaft 
type) in a sheet-steel case with doors, the aforesaid 
groups of relays being mounted on the front of this 
case, so that the whole of the automatic gear, with the 
exception of the d.c. panel and the high-speed breakers, 
is fully enclosed. Iam rather interested in the author’s 
suggestion that rotary convertors should have roller 
bearings. The tendency in this country is to have 
sleeve bearings, but at the same time there are a good 
many machines with roller bearings which are giving 
satisfaction, the largest of which I believe is a 
2 000-kW rotary convertor which has been running for 
four years. No fewer than 92 modern rotary con- 
vertors for use in Japan were supplied by a British 
firm, and I believe that they have practically all been 
supplied with roller bearings, so that the Japanese 
evidently seem to prefer them. I do not want to sug- 
gest that we should automatically adopt roller bearings 
as a standard in this country—I merely mention it as 
a matter of interest. The author refers to a commu- 
tator speed of 8000 ft. per min: I know of a case 
where rotaries for supplying electric locomotives have 
commutators running at 8 850 ft. per min. I also know 
of a case where there are 1 500-volt (single machines— 
not two in series) 50-cycle rotaries, running at a com- 
mutator speed of 8 650 ft. per min. I recently examined 
a large motor-generator set for supplying current to 
electric locomotives for the Montreal Harbour Board, 
the supply voltage being 2 400 on the d.c. side, two 
machines being run in series. This is the third repeat 
order for two sets of machines that have been received 
in this country, although the Americans and Cana- 
dians have more or less the monopoly of electrical 
plant sales in Canada. These machines were subjected 
to 40 short-circuits without the commutator requiring 
attention; in fact no arcing could be seen. The matter 
of air filters has been raised, and it has been suggested 
that all rotating machinery in manufacturing districts 
should have air filters. These are already being used 
in automatic rotary-convertor substations for heavy 
work in India. Some rotaries supplied in England for 
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railway work near London have the back end of the 
armature and the frame enclosed, the air being taken 
in through a chimney-type cowl, so that none of the 
copper dust, etc., from the slip-rings can get into the 
armature or on to the commutator. A recently made 
automatic traction rotary which 1 saw was fitted with 
an exciter and the air passed through a cowl before it 
went into the exciter. As this exciter is at the d.c. 
end, no doubt this method would prevent metallic 
vapours írom being drawn towards the exciter from the 
commutator of the rotary. I should like to ask the 
author whether any vertical rotaries have been con- 
structed. He refers to high-speed breakers where the 
calibration varies by the same percentage as the 
voltage. It is suggested that if the special type of 
resistance referred to in the paper is used it is probable 
that these variations could be cut down to one-fourth 
of the voltage variation, which should meet all require- 
ments. 

Mr. R. Townend: Ball or roller bearings have been 
used on rotary convertors for many years, but I think 
it is generally agreed that on the whole the ordinary 
sleeve bearing is preferable. If ball or roller bearings 
are used, it is essential to prevent any possibility of 
current flowing through the bearings. This can be 
ensured by insulating both bearing pedestals and 
earthing the shaft direct by means of substantial 
earthing brushes. With reference to the rate at which 
it is desirable to interrupt the direct current due to a 
short-circuit, I agree that the total time taken to reduce 
the current to zero will generally be greater than the 
time required for the short-circuit current to reach the 
maximum value, but the maximum rate of decrease 
may be much greater than the maximum rate of 
increase. A large number of short-circuit tests of the 
most severe nature taken on 1 500-volt rotary convertor 
equipments show a maximum rate of current increase of 
approximately 2 million amperes per second, whilst the 
rate of decrease during the early part of the break was 
approximately 5 million amperes per second. Below 
about three times full-load current the rate of decrease 
was quite low, being only about half a million amperes 
per second. This comparatively slow final rupture of 
the arc prevented any serious rise in the d.c. voltage, 
the actual value being only about 14 per cent of the 
normal d.c. voltage. 

Mr.G. G. L.Preece : Mr. Whitaker rather indicated, 
in a paper which he read, that the future of the con- 
verting machine for high-voltage traction work lay with 
the motor convertor rather than with any other type of 
machine. It will interest the members to know that 
quite recently six or seven 2 000-kW 1 500-volt motor 
convertors have been supplied to the Imperial Japanese 
Railways and that they are giving satisfaction. Mr. 
Whitaker will no doubt agree with me that it is not a 
difficult matter to design a motor convertor to run on 
1500 volts. The test which the Japanese apply to 
these machines is very severe, and they have stood up 
to them very well. í 

Mr. C. J. Sarjeant: The first point with which the 
author deals is ‘‘ Maintenance.” He says that there is 
a great deal of maintenance, entailing considerable 
expense of travelling, but my experience is that most of 
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that travelling is done to very little purpose. The: 
maintenance done is sometimes not actually necessary, 
whilst necessary maintenance is very often neglected. 
In many cases maintenance men go round cleaning the 
contacts of relays and contactors and, while so doing, 
leave pieces of the cleaning material on the contacts, 
which, of course, defeats the object. With regard to 
the thermal relays, I think that the author is right in 
getting some device which will actually measure the 
temperature of the machine direct. My experience is 
that it is very difficult to get a small piece of apparatus 
like a relay to follow the characteristics of a large mass 
like a machine, and I believe that the only solution is 
to place the device on the machine itself. With regard 
to the high-speed breakers, I think that there is very 
little, if anything, to be gained by slowing up the 
rupturing of the arc half way through the operation, 
compared with cutting off the current quickly. The 
main object of the high-speed breaker is to prevent the 
formation of the copper vapour which is the main cause 
of a flash-over on the machine. 

Mr. E.P. Hill : Previous speakers have drawn atten- 
tion to the possibility of using the motor convertor for 
high-voltage traction supply. While from the d.c. 
standpoint there is no doubt that a satisfactory motor 
convertor can be built, it is not in general an economical 
proposition, as the a.c. supply pressure is usually too 
high for direct connection to a motor convertor without 
the introduction of transformers. As the rotary con- 
vertor already has advantages from an efficiency stand- 
point, and, as the author states, it will stand up to 
short-circuits without flashing over, it is the machine 
generally adopted. The author states on page 669 that 
brush-gear should be so designed that considerable 
brush wear can take place without re-adjustment of 
springs. While this is highly desirable, I think also 
that, as brushes are an expensive item, brush manu- 
facturers should develop a better grade of brush than 
we have at present, in order to improve the toughness 
of the brush while still retaining the good features of 
self-lubrication and capacity to run at high speeds 
without chattering. Roller bearings are more sensitive 
to faulty alignment than sleeve bearings, and should the 
insulation of the bearing become defective and current 
pass through the roller contacts due either to fault 
current or to stray-field effects, then trouble of a serious 
nature may develop rapidly. On page 672 the author 
refers to the “' toe ”” of the brush, This term is liable 
to misinterpretation with modern reaction-type brush- 
gear, and “‘ entering edge.” and “leaving edge ” of the 
brush are ‘more desirable terms. The importance of 
the effect of axial draught over the commutator cannot 
be over-estimated. An interesting case of this effect 
occurred when testing some high-voltage rotaries on 
short-circuit. These sets were standing adjacent to a 
wide gangway at the opposite side of which some 
ordinary low-voltage 25-cycle convertors were running. 
When the short-circuit was applied to the high-voltage 
sets they cleared it without flashing over, but the axial 
draught carried the conducting gases, brush dust, etc., 
across the gangway and produced a flash-over on the 
low-voltage sets. In connection with the author’s 
remarks on the advantage of the high-speed circuit 


breaker, a good average figure appears to be that the 
current peak when broken by a high-speed breaker is 
about 65 per cent of that which occurs with the ordinary 
breaker. On page 675 the author refers to the possi- 
bility of using high-frequency current in order to 
detect short-circuits in series coils, in view of the tran- 
sient voltage-drop occurring in such coils under short- 
circuit conditions. In this connection an interesting 
description of such methods is given by J. L. Rylander.* 
The vertical convertor dealt with on page 679 appears 
to have the following disadvantages: (a) The hollow 
shaft is expensive and the insulation of the leads through 
it is likely to be a weak point; (b) the method of 
supporting the a.c. brush-gear is not indicated but in 
any case will be inconvenient; (c) the bottom oil-pres- 
sure bearing is expensive and inconvenient; (d) the 
danger of oil, and dust from the a.c. brushes, being 
blown into the vital parts of machine is very great; 
(e) grinding of slip-rings in position will be inconvenient; 
(f) the headroom required for erection and dismantling 
is considerable. In considering general design, and as 
the author appears to attach considerable importance to 
the ability to fit thermo-couples to the armature wind- 
ing of a rotary convertor, there is the possibility of a 
machine with rotating poles and stationary armature 
winding. The stationary commutator could have air 
blown between bars and possibly give greater control of 
commutation than exists with revolving-armature types. 
The disadvantages, however, of revolving brush-gear at 
present appear to nullify its adoption as a commercial 
proposition. 

Mr. W. Kidd: There is one rather objectionable 
feature from the user’s point of view, and that is the 
space taken up by the d.c. switchgear. In some cases 
with which I have dealt, the length of the panels for a 
single machine has been as much as 11 ft. 6 in. Ina 
small substation with three 500-kW sets the building 
had to be made bigger at a cost of approximately 
£400. Although it is not a big item in the total cost of 
a substation, it is all capital outlay which the consumer 
is anxious to keep to the minimum. It is a point to 
which designers might give some attention, because 
floor space in a city is extremely valuable and difficult to 
obtain. ” 

Mr. T. W. Ross: I think that the author has over- 
stressed the need for frequent inspection of automatic 
plants. A little time spent once per week in inspecting 
the plant will always be worth while and is surely not 
too much to ask for, particularly as these substations 
are such an important link in the chain of a satisfactory 
transport service. Regarding the question of dust on 
contacts, my experience has been that dust is not the 
worst enemy we have to contend with on small contacts; 
a greater difficulty is. the fact that these contacts are 
very often asked to deal with too much current. This 
results in burning and pitting of the surface of the con- 
tact. It is much better to reduce the amount of current 
which the contacts have to make and break, even by the 
introduction of intermediate contactors, than to reduce 
the number of contactors at the expense of burning at 
the small contacts. The contacts should also, as far as 


possible, be kept free from dust, but we must nat over- 


* Electric Journal, 1928, vol. 25, p. 10. 
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look the other point. In this connection it is also advis- 
able to have as high an operating voltage as possible, 
and so break down any insulating film between contacts 
—this is a good preventive against failure due to dust. 
The author criticizes brush-lifting devices, and, whilst it 
is not essential always to lift the brushes during starting, 
it is desirable to do so on all tap-started rotaries, as a 
preventive against sparking at the commutator. Raising 
the brushes has also the advantage that the dust which 
may have collected round the brushes is loosened and 
there is less possibility of flashing. During the early 
days of high-speed circuit breakers it was the common 
practice to connect a resistance across the circuit- 
breaker contact, but I have a feeling that this was for 
the purpose of reducing the work done by the circuit 
breaker, and not so much as a protection for the machine 
windings. I am glad that the author has mentioned 
the disadvantage of adjusting the calibration of high- 
speed circuit breakers by varying the value of the 
holding current. We anticipated the difficulty when 
designing our high-speed circuit breaker, and for this 
reason introduced a high-speed relay for tripping the 
circuit breaker at the lower overloads. At high over- 
loads or short-circuits the tripping is done by an impulse 
coil connected across the blow-out coils. The minimum 
current at which the circuit breaker will operate is thus 
easily determined by the adjustment of the high-speed 
relay, and it is not necessary to make any adjustment 
for the heavy overloads. The holding electromagnet 
can therefore be saturated, and a variation in the 
voltage of the holding circuit has no effect upon the 


operation of the circuit breaker. I do not agree with 
the author that the relay is too slow to give satisfactory 
results in all cases. The speed of a relay set to operate 
at 2000 amperes is approximately 0-008 sec. at 
2 500 amperes, and this, added to the speed of the circuit 
breaker (which is also 0-008 sec.) gives a total speed at 
the lower overloads of 0-016 séc. This should be quick 
enough to prevent damage to overhead equipment or 
machines. My experience of iron-wire resistances in 
gas-filled tubes has not been very happy, as they have 
failed to stand up to operating conditions. We were 
perhaps running them too hot, but I am not yet satisfied 
that they are sufficiently reliable for practical purposes. 
We were using them for another purpose than that 
suggested by the author. The author has laid great 
stress on the design of thermal relays, and no doubt 
such relays are a very important feature of automatic 
substation equipment. At the same time it is difficult 
to imagine that operating engineers will run machines 
to their utmost thermal limit. Railway engineers are 
usually more concerned with transport efficiency. than 
with substation efficiency, and for this reason will 
always have another machine in service long before the 
running machine has reached its thermal limit. The 
present thermal relay will err on the side of under- 
running a machine rather than over-running it, and 
for this reason has much to recommend it. To my 
mind it is a very good substitute for the substation 
attendant who relies upon ammeter readings or upon 
the temperature of the machine by feeling the frame, 
etc. | 
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Mr. H. B. Poynder (in reply): The figures quoted by 
Mr. Roger Smith showing the economic advantages of 
the automatic substation are most interesting. I think 
that there is a limit to the reduction in size and closer 
spacing of substations, fixed by the maximum load 
which may occur through concentration of trains in the 
neighbourhood of any one substation. Weights of 
individual trains, the existence of grades and so on, are 
factors which enter into the question. Personally, I 
rather doubt whether the fully automatic substation 
referred to by Mr. Roger Smith would be entirely satis- 
factory on heavy railway work. It is apt to be rather 
slow in its action and I think that, in general, it is more 
satisfactory to leave the starting and stopping of rotary 
convertors to the control engineer, who should roughly 
anticipate the demand and vary the number of rotaries 
in service according to the time-table, although this 
does undoubtedly mean more light running of rotaries 
and generally slightly greater energy consumption than 
with the fully automatic scheme. If the fully automatic 
scheme has no time-lag it may, howevér, on sóme services 
start and stop the rotaries so frequently as actually to 
increase the energy consumption and certainly shorten 
the life of the equipment. If, on the other hand, it hasa 
sensible lag, its purpose is largely lost. I think that 
in most cases the supervisory control equipment should 
be limited to closing and opening the high-voltage switch, 


starting and stopping rotaries, and opening and shutting 
feeder breakers, and should indicate back the automatic 
opening of switches or closing down of rotaries, and in 
addition, perhaps, give warning of approach to the 
limiting temperature of the latter. Load indication 
and voltage control, as also battery voltage indication 
and charging, would mean additional complication and 
expense, and I think that on a large system with, say, 
a dozen or more substations it would throw too great a 
burden upon the control engineer. In particular, I do 
not think he could be expected to regulate the voltage 
of the rotaries satisfactorily, as he would frequently 
be too late, the need for regulation being past before he 
had effected the necessary adjustment. 1 think that 
there is ample proof of the efficacy of the air blast. The 
difference between the behaviour of machines with and 
without it is very great. It is found not only to reduce 
greatly the probability of flash-over after flashing, but 
if flash-over does occur it does not persist. On the 
machines on which it was first tried some years ago, 
which was long before the high-speed breaker had been 
invented, although flash-overs were not entirely pre- 
vented when short-circuits occurred in the neighbour- 
hood of the substation the machines cleared the flash-over 
as soon as the d.c. overload breaker opened, and the 
h.t. switch, which had a time-lag, was not tripped, 
the machine remaining running, ready for service as 
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soon as the breaker was re-closed, provided the external 
short-circuit had cleared itself. With machines of the 
old type in the same substation, a flash-over usually 
persisted after the d.c. overload breaker had opened, 
until the h.t. switch opened. The damage done by the 
flash-over in the two cases was, as might be expected, 
very different, being limited to superficial marking in 
the air-blast machine. As stated in the paper, due to 
improvement in design the modern 750-volt machine 
with air blast can now be so made that it will sustain 
a track short-circuit of maximum severity without 
flashing-over, even without a high-speed breaker in 
circuit; and with it in circuit the effect upon the machine 
is very small, hardly any commutator marking being 
visible. I think that climatic conditions have not much 
effect on the temperature-rise in a substation. The 
15 deg. C. quoted by Mr. Roger Smith for the Midi 
substations is quite a normal figure, and 20 deg. or 
even 25 deg. C. might be experienced in the absence of 
forced ventilation. These temperature-rises, however, 
become of greater importance in hot climates. In India 
an air temperature of 40° C. will probably be of frequent 
occurrence and it is clear that a rise in the temperature 
of the substation air of 15 deg. or 20 deg. C. above 
this makes ¡a very serious inroad upon the available 
output, although the effect is exaggerated by our present 
practice of working to mean rather than hot-spot 
temperatures. 

I am interested in Dr. Garrard's view as to the cause 
of flash-over. The fact that there are many different 
opinions on this matter emphasizes my claim for the 
need of research. There can be no doubt that such 
action due to high-frequency oscillations as described 
by Dr. Garrard can take place, but, on the other hand, 
there is a mass of experience in connection with flash- 
overs on machines which seems to point to some con- 
ducting property in the vapour which is emitted, and 
which is carried forward at the speed at which the air 
is travelling. Possibly both effects take place. I do 
not know why Dr. Garrard and others suggest the 
likelihood of the thermo-couples breaking. I can see 
no difficulty in making them of such section that there 
is no reasonable risk of breakage. I am aware that 
thermo-couples of very fine wire are in use for many 
purposes, but in machine windings something quite dif- 
ferent, such as a stout tape, is obviously indicated. I can- 
not follow Dr. Garrard’s argument that the thermal relay 
should only be regarded as a second line of defence. 
For the type of service that we are considering a thermal 
device of some sort or other should be the first line of 
defence. There is no other device which even approxi- 
mately meets the case. The art of the designer has 
produced a machine which will carry, without commuta- 
tion distress or overheating, overloads of the order of 
two or three times the maximum which the machine 
will carry continuously. For heavy intermittent service 
the railway engineer wishes to avail himself of this over- 
load capacity to its limit. It is clear that no simple 
overload device, which is, I assume, what Dr. Garrard 
recommends, can deal with this condition, as it has to 
concern itself not only with the value of the current but 
also with the duration of each peak and with the fre- 
quency of the peaks. Fitting an inverse time-limit 


gives some slight improvement, but clearly what is 
required is “ fading integration,” i.e. an overload device 
which, in integrating the load, takes into account the 
immediate past but allows the effect to fade as it becomes 
more remote. The human attendant can do this men- 
tally, very imperfectly I admit, but better than Dr. 
Garrard’s automatic overload relay. The attendant 
also, as pointed out by another speaker, has a sense of 
smell which is quite a useful indication. The thermal 
relay, however, does give “ fading integration ” and, if 
it faithfully imitated the machines, would be a complete 
solution of the problem and would be the proper device 
for doing whatever is required, whether to switch in a 
resistance, to give a warning or to start up a second 
machine, and/or to shut the hot machine down, depend- 
ing upon: the features of the particular automatic 
scheme. Unfortunately, the action of the separate 
relay, as now made, is very imperfect and it can only 
be reasonably accurate if some previously assumed duty 
cycle is followed. For other conditions it operates either 
too early or too late, and to prevent the latter it has 
to be so set that the user loses on the average a large 
part of the useful capacity of the. machine, since in 
practice on most services the actual cycle is constantly 


varying. and cannot be foretold with any degree of 


accuracy. Dr. Garrard’s suggestion that the time-table 
should be arranged to suit the machines, is, I am sure, 
impracticable and, if it could be done, would be valueless 
on any line where departures from the time-table are 
frequent. Now this difficulty is entirely overcome if 
we work off the actual machine temperature instead of 
using a separate relay, with the added advantage that 
we can work on something very near the hot-spot tem- 
perature, which is what we are really concerned with 
rather than the mean, seeing that the two temperatures 
have no definite relationship to each other. It would 
also take summer and winter conditions into account. 
I do not understand why Dr. Garrard said that the 
thermal relay must not be allowed to do this. 

I was not aware that an optical fire-detecting device 
was actually in operation, although I knew that such 
schemes were under consideration. I doubt their 
justification, however, as I believe that proper design 
can make such schemes unnecessary, with the possible 
exception of the back of the control board. Electro- 
magnetic means for opening CO, valves are well-tried 
and simple devices. The opening has to be quick and 
wide so that there will be no clogging with the CO, 
snow. I fear that the fusible-metal scheme might 
give trouble, through the intense cold produced by the 
initial flow of CO,. To cover the control board efficiently 
so that it would operate in the case of any small local 
fire, a large number of nozzles would be necessary and the 
cost would, I think, be greater than that of the thread 
scheme. I am aware of one.case of fire in an automatic 
substation which caused considerable damage. It was 
mainly confined to cables and would not have developed 
as it did, had the cables been metal-sheathed. 

Mr. Crawter's contribution on the subject of batteries 
is most interesting. He favours the floating system of 
charging. In practice, however, it has been found diffi- 
cult with this method to maintain lead cells in good 
condition and prevent sulphating, and the intermittent 
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method operated by a Sangamo meter or other equivalent 
type of meter seems to be preferred. Perhaps this matter 
requires further consideration, as it may be that the 
trouble has been due to insufficient care in adjusting 
the floating voltage. If the calibration of the high- 
speed breakers is sensitive to voltage variation and they 
are run off the battery, the intermittent method necessi- 
tates an automatic tapping switch to cut out a certain 
number of cells when charging, and another hand- 
operated tapping switch to cut out more when the 
maintenance man gases the battery. I believe, however, 
that the high-speed breakers should not be run off the 
battery and that the duty and size of the latter should 
be kept as small as possible, charging being effected, as 
suggested by Mr. Roger Smith, by a simple rectifier. 

In reply to Mr. Orsettich, I have used the term 
“ normal load * to mean the estimated R.M.S. load over 
some hours which is specified as that which the machine 
is expected to have to carry, arrived at by allowing a 
reasonable margin over that calculated from a typical 
time-table. Short-period overloads are, however, also 
usually specified, based on some assumed cycle which is 
likely to be a fairly frequent normal operating condi- 
tion, although not necessarily a time-table condition. 
These overloads are specified to be carried after the 
machine has reached a steady temperature at normal 
load, and it is these which really determine the size of the 
machine. It is a matter of experience that in a number 
of cases of railway service, compliance with the overload 
clause has resulted in the machines being able to carry 
continuously, without exceeding the specified tempera- 
ture-rise, a steady load some 25 per cent in excess of 
the anticipated R.M.S. loading. In other words, the 
normal anticipated mean loading of the machines has 
been of the order of 80 per cent of the British Engineering 
Standard Specification normal load. It is clearly im- 
possible in such a case for the buyer to specify the 
B.E.S.A. rating, as this would have to be deduced from 
the peak overload conditions, and would vary in different 
makes of machines. I agree that 1 000 flash-overs would 
be bad for any machine, but modern machines, including 
those of Mr. Orsettich’s design, have demonstrated that 
they will sustain short-circuits without flash-over, even 
when no high-speed breaker is in circuit. Why, there- 
fore, assume any flash-overs at all, except as a remote 
contingency? I cannot understand his suggestion of 
buffer resistances in this connection; they were originally 
introduced with a view to cutting off a short-circuit 
in two or more steps, but as they served no useful pur- 
pose their use has been discontinued. Load-limiting 
resistances with relatively long time rating, in contra- 
distinction to the short-time-rated buffer resistances, 
have also been used for reducing peak loads and making 
adjacent substations share such peaks, but their use 
also has not been maintained, due mainly to the ability 
of the modern machine to withstand heavy peaks without 
commutator distress. When short-circuits occur on the 
track it is desirable to open circuit'on the affected feeder 
as quickly as possible, and this the high-speed breaker 
does best in the absence of a buffer or load-limiting 
resistance. Short-circuits are always with us, so they 
. must be looked upon as frequent operating occurrences, 
varying in severity with their distances from the sub- 


station. Fortunately, modern equipment has no diffi- 
culty in coping with them and I understand that on 
some systems containing the best type of modern plant 
they are so lightly regarded by those in charge that 
artificial means for applying short-circuits for the 
benefit of visitors are actually in existence. I do not 
agree that the use of the high-speed breaker justifies 
the removal of any of the barrier gear, if that barrier 
gear has shown that it improves the behaviour of the 
machines when the high-speed breaker is not in circuit. 
The risk of broken brushes would not, I think, be a 
serious matter in the case of the vertical design of 
rotary. The brush box can be so designed that any 
broken particles will be of too smail a size to be harmful 
and would, in fact, be carried upwards by the air blast. 

In reply to Mr. Angold, I do not think that the placing 
of the thermal relays in the intake shaft or near the 
machine would be satisfactory. There would always 
be uncertainty as to the velocity of the air flow in the 
immediate neighbourhood of the relay, due to eddies 
and stratification, and there would be no guarantee that 
test conditions would be repeated on site. Once 
adjusted on site they might be satisfactory, but I 
doubt whether accurate calibration at the works before 
dispatch could be effected. Trouble has been experi- 
enced with copper-to-copper contacts which had a 
sensible amount of wipe; possibly they would have been 
better with more wipe. Mr. Angold’s experiences with 
heavy-current arcs are most interesting. I am not 
sure, however, to what extent they are applicable to the 
phenomena which we are now considering, i.e. the 
spontaneous starting of an arc, following heavy flashing 
or sparking, which latter has not quite the characteristic 
of a typical arc. I assume that the experience he de- 
scribes is with high-speed breaker arcs. As far as 1 
am aware, experience with flashing and flash-overs on 
rotaries has not indicated that polarity has any appre- 
ciable bearing on the effects produced, as would be 
expected if Mr. Angold's theory is correct. 1 think 
that Mr. Angold is right and that the purely reactance 
type of breaker may operate when a reverse current is 
broken quickly. Mr. Odam has pointed out that this 
action appears to have been the cause of irregular 
operation which has actually been experienced with the 
other type when fitted with a reactive shunt. I am 
much interested to hear of the development of a per- 
manent-magnet type of breaker. If this can be made 
satisfactorily, it will solve many of our problems. 

Mr. Townley suggests the use of long feeders and 
reactances, but neither appears to be practicable in the 
case of a 1 500-volt scheme. They have been frequently 
suggested but turned down on the score of cost. He 
suggests that the vertical design would be awkward 
if flash-overs occurred at the slip-rings. I agree, but I 
believe that, as no conducting gases can reach the slip- 
rings, there will be no tendency for flash-overs to occur 
there. The feeder conditions described by Mr. Townley 
are, I think, unlikely to arise in heavy traction work. 
In general, the substations are placed at intervals along 
the line and connected up to the tracks at points nearly 
opposite the substations by two feeders for single track 
and four for double track, each with its own high-speed 
breaker. Mr. Townley refers to the smoke-indicating 
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device as being my suggestion. I referred to it, however, 
as a matter of interest. I do not believe it is justified 
and it certainly is not if the control panel is the only 
substantial source of weakness. Something much 
cheaper and simpler will serve, Ifthe backs of control 
boards can be made fireproof that should suffice, but, 
like Mr. Odam, I do not favour Mr. Townley’s suggestion 
of vitreous cement. Automatic working is relatively 
young and is still being developed, and operating experi- 
ence frequently shows up defects or the need for improve- 
ments which cannot be discovered on test. It is to 
the user’s interest, therefore, that the design of the 
control board should be sufficiently flexible to allow 
modifications to be made with the minimum of trouble 
not only during the period of manufacture but also 
during the first few years of operation. 

Mr. Brown’s description of the fire-alarm tape is 
interesting, but. I am afraid that in the case of cables 
racked near the ground a considerable amount of damage 
could be done before the. temperature some feet overhead 
amounted to even 130° F., especially in cold weather. 
In the automatic substation we presumably have a fire- 
proof building and have to consider protecting the cables 
from each other, rather than preventing the cables from 
setting fire to the building. To effect this purpose the 
tape would, therefore, have to be run immediately over 
the cables, and the wiring in the average automatic 
substation is so. complicated that the fire-alarm tape 
would, I think, be difficult of application. It would, 
however, appear to meet the conditions required at the 
back of control boards and is, in fact, very similar to 
the thread scheme mentioned in my paper and should 
be considered as an alternative to it. 

I agree with Mr. Thompson that. flash-overs on the 
slip-rings can be disregarded, partly no doubt for the 
reason he gives and also more particularly if the machine 
is so designed that it is impossible for conducting vapours 
from the commutator to reach the rings. I am afraid 
that his suggestion of using primary batteries is imprac- 
ticable in the typical case, as currents of the order of 
200 amperes at 100 volts are frequently necessary. for 
closing high-tension switches. 

Mr. Williams deals at some length with the vertical 
rotary design. 1 do not think there is very much in the 
third advantage to which he refers. As he points out, 
the slight reduction in hot-spot temperature due to front 
tapping is really equally applicable to the horizontal 
design. In the case of the vertical rotary, however, it 
so happens that it is most convenient to bring the con- 
nections from the front end, and the advantage, for 
what it is worth, naturally follows. There does not 
seem to be any greater difficulty in adopting axial core 
ventilation in armatures of rotary convertors than in 
stators of alternating-current machinery, where it is 
frequently done, and, if it is adopted, the ventilating 
holes may just as well be pitched with some regard to 
the location of the hottest portions of the armature. I 
have recently heard that one Continental manufacturer 
of rotary convertors has adopted axial core ventilation. 
Mr. Williams suggests that designers could employ their 


time more profitably in endeavouring to improve 


machines so that single 1 500-volt or even 3 000-volt 
50-cycle machines could be used, rather than in trying 


to develop a vertical rotary. In my view, the justifica- 
tion for the vertical design is that it would probably 
effect just what Mr. Williams agrees we require, or at any 
rate would be a distinct step in that direction. Appar- 
ently Mr. Williams either does not believe that the 
vertical design would effect any improvement, or, on 
the other hand, he believes that the same result can 
be obtained by improvements in design of the horizontal 
machine. I am not quite clear which he means, but, if 
the latter, it is to be regretted that he has not suggested 
the lines on which advance can be made. . I do not think 
that Mr. Williams’s comparison. with the vertical steam 
turbo-alternator is applicable. There were two out- 
standing disadvantages in this design; one due to the 
great overall height of the machine for any consider- 
able output, and the other the practical difficulty of 
dismantling for blade examination or repairs, neither of 
which applies to the rotary. The vertical design does 
not entail increased substation height, as the lift re- 
quired to remove the transformer from its tank would 
still remain the determining factor. 

Mr. Odam's contribution is particularly interesting 
as coming from one who has had actual operating 
experience. I think his suggestion of having a special 
low-voltage converting set for the calibration of high- 
speed breakers is an excellent one, more particularly on 
a system where there are a large number of breakers 
installed. Mr. Odam confirms my view that the thermal 
relay must not be considered as being a second line of 
defence, and that on peaked and irregular services the 
existing types of thermal relay are too inaccurate to be 
tolerated for long. 

Mr. Wilson’s description of the louvred device around 
the commutator is very interesting, as also is his view 
on the possible causes of the conductivity of the vapour. 
My estimate of the no-load losses being responsible for 
about half the total temperature-rise was based on mean 
armature temperatures as ascertained by thermometers 
after shutting.down. The proportion of the rise due 
to the no-load losses is much less if referred to hot-spot 
temperatures instead of mean temperatures, i.e. if the 
thermal relay is arranged to trip when its own tempera- 
ture is of the order of 150° C. instead of at about 100° C. 
as at present. This is why I .pointed out on page 682 
that working to hot-spot temperatures would reduce the 
effect of ambient temperature. I agree that the normal 
procedure with an overheated machine is to keep it 
running in order that it may cool quickly, if it is shortly 
required to be put back into service. Assume, however, 
that the control engineer shuts down a hot machine, 
not anticipating that it will be put into service again 
for some hours, and, say, half an hour later, either 
realizing that he made a mistake, or finding that some 
unexpected traffic condition has arisen, restarts the set. 
Surely something is wrong with the system if this may 
result in a dangerous temperature being attained. I 
thank Mr. Wilson for pointing out that the hottest coils 
in a rotary armature are not immediately superimposed 
in the slots. I think, however, that a position can be 
found which, although not quite a maximum, would be 
reasonably near it. An alternative position for the 
couples would be under the slot key, immediately over 
a top coil which calculation shows to be in the approxi- 
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mate centre of the maximum temperature zone, having 
regard to the range of operating excitation conditions. 
This would make the thermo-couple more accessible 
and would enable it to be added after the armature 
winding proper has been completed. The temperature 
attained by the thermo-couple would, of course, be 
somewhat dependent upon the thickness and heat- 
insulating properties of the slot key. It will be realized 
that a small departure from the maximum hot-spot 
position will introduce much smaller errors than the 
present system of working to the mean temperature. 
The generator type of thermal device described in the 
Appendix should give ample power even if the couple is 
subject to and calibrated for a temperature, say, 10 deg. C. 
or 20 deg. C. less than that of the actual hottest spot. 
I doubt whether experience entirely .confirms Mr. 
Wilson's view that flash-over is not more likely to 
occur, or at any rate to start, at the bottom brushes 
on a horizontal machine. I understand that some 
makers have made a practice of setting the armature 
slightly eccentric so as to encourage flash-over to occur 
at the top rather than at the bottom. This seems to be 
a questionable practice, but suggests that the effect has 
been noticed. A further advantage of the vertical 
design is the free air inlet below the armature, thus 
avoiding the loss of head in a constricted cowl. 

Mr. Leeson suggests the addition: of some system of 
collecting funnels to a rotary-convertor commutator, so 
as to discharge the gases harmlessly into the atmosphere 
clear of all live conductors. I think that the vertical 
design with the axially extended radial insulating barriers 
between the brush arms, as shown in Fig. 4, meets his 
point, without further addition. Mr. Leeson describes 
a form of thermal relay with which I was not pre- 
viously acquainted. I assume that the heating time- 
constant of the element in the relay is designed to be as 
nearly as possible the same as that of the copper in the 
slots of the machine, which is, of course, very much 
shorter than that of the armature as a whole, to which 
the usual thermal relay is designed to conform, and 
that the temperature of the element when on the point 
of tripping is designed to be approximately that of the 
armature hot-spots. It hardly seems right that the 
relay should take no account of whether the machine 
as a whole is hot or cold before the overload is applied. 
This arrangement may, however, be sufficiently accurate, 
as I believe is the ordinary thermal relay, in cases 
where the load is relatively steady and peak overloads 
are a comparatively rare occurrence. It is on services 
where the whole load is made up of a series of constantly 
recurring peaks and valleys and where the amplitude, 
duration and frequency of the peaks is more or less 
fortuitous, that these approximate methods should be 
dropped and we should work to the true hot-spot tempera- 
ture, either by direct measurement or by a double- 
element relay, the current element of which has the 
same time-constant and temperature-rise as those of the 
armature conductors. I doubt whether the peaked 
nature of the load on heavy traction systems is fully 
appreciated. Fig. 8 in Mr. F. Lydall’s recent paper on 
“ The Electrification of the Pietermaritzburg- Glencoe 
Section of the South African Railway,” * shows typical 


* Read before the Institution 29th March, 1928. 


loading at Wilbrook substation. It should be noted 
that the curve shows the mean loading over successive 
5-minute periods. Had the periods been shorter, the 
curve would have shown even greater peaks. I think 
that such a load curve as this makes it clear that thermal 
control is the only possible first line of defence, and that 
it should be accurate and not merely approximate in its 
action. Mr. Leeson refers to the question of continuity 
of supply and the actual operation which the thermal 
device should be expected to carry out. I think this 
depends upon the circumstances of the particular case 
and the degree to which full automatic working is 
adopted. In a system where there is no supervisory 
control and the machines are started and stopped in 
accordance with a regular time-table by the station- 
masters in adjacent stations, a simple shut-down would 
be all that is necessary in a single-unit substation. Ina 
double-unit substation it might be found advisable to 
arrange for an overheated machine to start up the 
second before reaching its tripping temperature. In a 
supervisory controlled scheme it is perhaps questionable 
whether anything but a simple shut-down, duly indicated 
to the control engineer, is necessary in the case of a 
single-unit substation, whilst in a double-unit sub- 
station a warning signal can be given to the control 
engineer before the machine reaches the tripping tem- 
perature, or, alternatively, it .could be arranged to 
start up the second machine. No definite ruling can, I 
think, be laid down; practice should vary according to 
the particular conditions. Mr. Leeson’s inching scheme 
is probably a possible one for a control engineer to adopt 
in cases where there is serious need for maintaining 
the service. It must, however, be assumed that the 
capacity of the machine is sufficient to deal with normal 
conditions and that, when it is tripped out, the condi- 
tions are abnormal. If the tripping occurs sufficiently 
frequently to become a nuisance, it indicates that the 
conditions previously considered abnormal are becoming 
normal and that another machine should be installed; 
but this indication should not be given unless it is 
really necessary, or the user is forced into unnecessary 
capital expenditure; hence the importance of having a 
thermal indicator which operates at neither too low 
nor too high a temperature. I do not think that the 
question of stand-by plant affects the matter, as if 
policy dictates that the presence of stand-by plant is 
advisable the taking over of this stand-by plant for 
frequent normal operation would presumably mean 
the ordering of new stand-by plant to take its place. 

Mr. von Schulthess has given some interesting figures 
showing that the bulk of the energy on short-circuit 
in a rotary convertor is provided by the kinetic energy 
of the armature, and he suggests that this is an argument 
for the rectifier. It seems to me that the effect on the 
system is dependent in either case on the transient 
energy drawn from it and in this respect the rotary is 
slightly superior to the rectifier as creating somewhat 
less disturbance for the same transformer reactance. 
The real question is whether the rotary convertor or the 
rectifier suffers less under short-circuit conditions, quite 
apart from the fact that there is a great deal more 
energy set free in the case of the former. I think that 


- the real comparison should take into account how the two 
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types respectively stand up to short-circuit when there 
is no high-speed breaker in circuit, and the rectifier 


has not, I think, shown its superiority in this respect.. 


Failure of a high-speed breaker to clear a fault is, 
although relatively rare, not unknown in practice. 
Deposition of copper in the arc chute is one possible 
cause of failure, and there are others. Track short- 
circuits may, under certain circumstances, be frequent, 


‘and risk of damage to rotary or rectifier, if the breaker 


fails, should not be tolerated if it is avoidable. It is 
avoidable in the case of the rotary. 

Mr. Anderson, like Mr. Crawter, favours the floating 
system for batteries, rather than intermittent charging, 
but does not say to what extent the capacity of the 
nickel-iron cell falls off when kept floating at 1-5 volts 
per cell. I do not care for the idea of running a charging 
motor-generator from the track for battery charging. 
It presents many disadvantages as compared with run- 
ning the holding coils directly from the track through 


iron-wire resistances. 


Mr. Bowden refers to the risk of breakdown due to the 
accumulation of metallic dust on the insulation of the 
slip-rings. I think that modern designs have ample 
leakage surface here, and that possibility of breakdown 
due to this cause can be ignored. Strong ventilation, 
however, is doubtless all to the good. Mr. Bowden also 


refers to.the- voltage-rise on breaking.. If'it be assumed - 
that the steepness of the breaking portion of the curve : 


is the same as that of the making portion, it is obvious 
that, as the reactance is the same, the voltage set up 
due to breaking cannot exceed the normal voltage of the 
machine, but, as the current falls towards zero on 
breaking, the normal voltage of the machine rebuilds 
and the two voltages, which are both in the same direc- 
tion, are superimposed. A high rate of break consider- 
ably greater than that of make is, therefore, relatively 
harmless during the beginning of the breaking period, but 
is to be avoided towards the end. Even here, however, 
if the slope does not exceed that on make, the total 
voltage cannot exceed twice normal, and this by itself 
is quite insufficient to explain flash-overs. It certainly 
is not the chief cause of flash-overs as Mr. Bowden 
suggests. The ideal shape of the breaking curve seems 
to be one which starts steeply and eases off as it 
approaches zero to a slope substantially less than that 
on make, and some modern 'high-speed breakers show 
this characteristic very distinctly. The above remarks 
apply to severe short-circuits when the track fault 
is close to the substation. If, on the other hand, we 
consider a fault some distance from the substation, 
which experience shows to have less effect on the com- 
mutator, the conditions are then rather different. The 
reactance in circuit is now greater and the rate of growth 
of current will therefore be less, whereas the rate of 
‘break will probably be nearly as steep as in the fault 
of maximum severity. It appears, therefore, that the 
nearby fault is the more likely to give trouble on the 
commutator, whereas the distant fault is the more likely 
to stress insulation due to voltage-rise on opening, 
if the breaker is on the negative side. When, how- 
ever, the breaker is on the positive side, as is 
now usual, the additional voltage due to the react- 
ance of the external circuit does not come on to the 


machine. I note Mr. Bowden’s suggestion of insert- 
ing a tubular conductor containing a liquid thermo- 
stat. The machine designer would, however, object 
to this much more strongly than to the insertion of the 
thermo-couples, which are, after all, at earth potential, 
whereas the liquid thermostat suggested would be alive. 
Regarding the forces available from thermo-couples, 
when the rotary relay shown in Fig. 7 is worked out in 
detail it is found that relatively large forces are obtain- 
able, the initial pull of the spring varying between 2 oz. 
and 40z. at different basic temperatures, but the generator 
type shown in Fig. 9 in the Appendix is undoubtedly 
superior and there is no difficulty in getting quite large 
working forces in the relay. I do not understand 
why it should be suggested that the use of a thermal 
relay as a control device means a reduction in the factor 
of safety. Surely this is entirely a question of the 
temperature to which the thermal relay is set. Mr. 
Bowden objects to the leads being taken through the 
shaft in the vertical design. I agree that this is better 
avoided where possible. All design is, however, a matter 
of compromise and there is no real difficulty in making 
an entirely reliable job of connections carried through 
the shaft in this way. I hardly feel competent to form 
an opinion on Mr. Bowden’s suggestion that automatic 
synchronizers should be used in automatic substations. 
I think it is a question for designers to considér whether 
the addition of this gear would enable any simplification 
to be made in other directions. It appears to be an 
undesirable complication, as I do not think that any 
appreciable damage is now suffered by the commutator 
when pulling into step. It must be remembered that 
the duration of sparking is much less than that which 
results from tap-starting without brush-lifting, especially 
as pony motors can now be so designed that they can 
run the machine at almost synchronous speed. Battery 
charging from the track is not, I think, economical on 
1 500 or 3 000 volts. 

Mr. Wilmshurst suggests the use of a cooler in place 
of a filter, combined with a closed system of which the 
substation forms a part. I think that the suggestion is 
sound, but it is probably only applicable where a large 
supply of water is available. The quantity of water 
required for cleaning the filters is of a very different 
order and I think that Mr. Wilmshurst rather exaggerates 
the trouble of cleaning, unless the conditions are such 
that very frequent cleaning is necessary. I entirely 
agree, however, as to the advantage of eliminating it, if 
at all possible. I think that the question of thermal 
control is dependent not so much upon the size of 
the machines as upon the type of load. In practice, 
however, a heavy railway load which is typically peaked 
does require large machines. Mr. Wilmshurst’s sugges- 
tion of having one portion of the iron circuit of the relay 
so designed as to be magnetically saturated by the no- 
load current might be some improvement to the simple 
type of relay, if sufficient ampere-turns are available. 
I doubt, however, whether any refinement to this type of 
relay could ever overcome difficulties of calculation and 
calibration sufficiently to make it a really reliable first 
line of defence for a heavily peaked load. 

Mr. Cotton’s model is very interesting and does cer- 
tainly give a fairly accurate idea of what happens to a 
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rotary convertor on short-circuit. It must not, however, 
be assumed that pulling out of step is the crucial factor 
in determining whether flash-over takes place or not. 
Many cases are known where flash-over has occurred 
well before an angular displacement of 180° has been 
reached. The air on an axial-blast machine, whether of 
the horizontal or vertical type, hugs the surface of the 
commutator. If blown through from the back of the 
machine it has no appreciable circumferential com- 
ponent other than that due to the skin friction of the 
commutator, so there is, in practice, very little tendency 
to spread. I note Mr. Cotton’s suggestion. of over- 
voltage in the case of the slip-ring flash-over referred to 
in the paper. I cannot imagine any such effect being of 
sufficient magnitude to explain spontaneous leaping 
of the current through 15 in. or 18 in. of air. 

Mr. Nicholls’s point has already been covered in my 
reply to Dr. Garrard and others, to the effect that on 
heavily peaked loads a thermal device of some sort 
is the only safe guide we have, either for starting up the 
second machine, warning the control engineer, or shutting 
down the overheated machine, as may be desired in the 
particular automatic scheme. 

Mr. Driver suggests the use of a CO, bottle to protect 
the machine. There is no need for this in the case of 
flash-over and I do not think that, in the modern mica- 
insulated *machine, sustained conflagration is likely to 
occur in the event-of a serious burn-out in the machine 
windings. No complications which are not really 
necessary are justifiable. Mr. Driver refers to the life 
of the iron wire in hydrogen stabilizers. So long as they 
are run at not more than 70 to 80 per cent of their full 
rated voltage, which gives an ample range for the use 
I have proposed, the life of these resistances is very 
long. Four of them picked at random have undergone, 
without a failure, a life test running into some 6 000 hours. 
There is, I think, no difficulty in making really reliable 
thermo-couples which are no more likely to break than 
the armature conductors. It.should also be easy so to 
design the gear that any stray magnetic flux will cancel 
out and have no effect upon the relay. 

I agree with Mr. Juhlin that it would be bad practice 
to operate without high-speed breakers, but I am also 
strongly of the opinion that the application of a few 
short-circuits with an ordinary breaker should be insisted 
on as a test condition. The failure of a high-speed 
breaker in service is possible, and in the absence of the 
test the user cannot be certain that he is purchasing a 
machine which will not suffer serious damage if such 
failure should occur. The test with the ordinary breaker 
also shows up the difference between good and indifferent 
machine design to an extent which is impossible when a 
high-speed breaker is used. The oscillograms shown 
in Fig. B are of great interest, especially that of the 
alternating current. The advantage from the operating 
point of view of limiting the power demand on short- 
circuit would be marked on small systems and is probably 
worth having even on the largest. In considering the 
direct-current oscillogram, it must be borne in mind 
that it is not quite typical of modern railway practice, 
as itis unlikely that any new systems will be designed for 
800 volts and 25 cycles. The production of a machine 
which will stand up to short-circuits without flash-over is, 
of course, much easier on 25 than on 50 cycles. 
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I am very interested in Mr. Whitaker’s views on the 
rival merits of the rectifier and the rotary convertor, 
and I am personally of the opinion that he has not 
exaggerated the position. The effect of rectifiers on a 
power station which has a wholly traction load requires 
serious consideration. I have heard no suggestions 
as to how the difficulty can be got over. Mr. Whitaker 
is probably right in stating that my reference to large 
voltage-rises across the series windings of rotary con- 
vertors on short-circuit is incorrect. In the case where 
this large rise was actually experienced, the machines 
in question were motor-generators with pole-face com- 
pensating windings, as Mr. Whitaker suspects. A 
voltage-drop of 2 500 out of a total of 3 000 was actually 
measured across the whole of the series windings, but 
the various portions of the series windings were not 
tested separately, and if Mr. Whitaker is correct, the 
bulk of this voltage-drop must have been across the 
compensating windings. 

Dr. Jakeman and Mr. Preece refer to the motor 
convertor, pointing out that it offers the possibility of 
satisfactory operation at 1500 volts with a single 
commutator. Mr. Hill is probably correct in stating 
that the motor convertor is not, in general, an economical 
proposition unless the a.c. supply pressure is such as to 
make it unnecessary to use a transformer. 

I am much interested in Dr. Jakeman’s description 
of how the neutral position first moves forward and then 
recedes after the breaker is opened. This action must 
certainly occur, but to what extent it is responsible for 


_the observed phenomena is, I think, somewhat ques- 


tionable. I am rather sceptical of the persistent arcing 
between commutator bar and commutator bar, which 
many people visualize as the genesis of a flash-over. 
The observed fact that, on a 2-unit set with an unin- 
sulated bearing pedestal, flash-overs will frequently 
strike from the positive brush arms of the positive 
machine to its pedestal, without touching the nega- 
tive brush arms, seems to indicate that flash-over 
is not necessarily preceded by commutator-bar arcing. 
It is true that the voltage between positive brush 
arm and pedestal is twice that between brushes, but 
the distance to the pedestal is usually more than 
twice that between brush arms. I think that an arc 
between commutator bars is inherently unstable and 
does not easily persist. The question of shunt versus 
compaund rotaries is somewhat debatable and it is not 
entirely a matter of regulation. Dr. Jakeman is, 
however, obviously correct in pointing out the simplifica- 
tion which results from the use of shunt rotaries. 

Dr. Jakeman criticizes certain features of the vertical 
design. In answering other speakers I have already 
dealt with the dropping of small particles of carbon, 
axial ventilation and the carrying of leads through the 
shaft. After all, the last is common practice on wound- 
rotor induction motors, and some makers of horizontal 
rotaries have actually adopted it in the past, although I 
agree that it is best avoided where possible. 

I do not quite understand Dr. Jakeman’s point with 
regard to guaranteeing the thermal relay. Present 
practice depends upon a thermal relay which is 
admittedly inaccurate. My suggestion is that we 
should work to actual machine temperatures. I see 
no reason why this cannot be done by means of an 
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apparatus which is as reliable as the present thermal 
relay. Breakdown or maladjustment of either is, of 
course, possible, but we are already taking that risk. 

I do not agree with Dr. Jakeman’s estimate of 
the temperatures reached. 
to work to a mean armature temperature of 95°C. 
to 100°C. With a machine which is only subject to 
relatively small overloads I agree that the copper 
temperature would not exceed 110°C. or 120°C., but 
on peaked services such as 1 have been considering in 
this paper, where overloads of a few seconds’ duration, 
amounting to three times the normal load, are sustained, 
very large temperature gradients must occur across 
the armature insulation and I think it is unlikely that 
they do not attain at least 50deg.C. We also know 
of mica-insulated turbo-alternator rotors which have 
been running for some years and which on full load 
attain a mean copper temperature, as indicated by the 
rise of resistance, of between 140°C. and 150° C., and 
I think it is therefore established that a maximum peak 
copper temperature of 150° C. does not exceed safe limits. 


to enclose contactors, etc., is growing. He, Mr. 
Townend and Mr. Hill refer to the use of roller bearings. 
I quite agree that if roller bearings are used the design 
must be very carefully considered. I believe, however, 
that they will eventually become universal on rotary 
convertors in automatic substations. 

Mr. Townend refers to the speed of break and suggests 
a rate of decrease of about 5 million amperes per 
second during the early portion of the opening. I do 
not think that this very high rate of decrease has a 
very marked effect in reducing the total amount of 
vapour and I am rather doubtful whether it may not 
unduly stress the track equipment insulation in the case 
of distant faults where the external reactance is con- 
siderable. I think that if Mr. Townend repeated his 
test with a short-circuit of a less severe nature, corre- 
sponding to some miles of track equipment, and with 
a reactance inserted to represent that of the external 
circuit, he would find that the voltage-rise very greatly 
exceeded 14 per cent on the track side of the circuit 
breaker. I am assuming here that the circuit breaker 
is used as a positive feeder switch. 

Mr. Sarjeant is doubtless correct in criticizing a good 
deal of the maintenance which is carried out. This 
points to the desirability of careful training of the 
maintenance men and of encouraging them to find 
out by actual experience the amount of maintenance 
required. I am pleased to note that Mr. Sarjeant 
considers that I am right in proposing to work from the 
machine temperature direct, instead of from a thermal 
relay. | 

I have already dealt with some of the points raised 
by Mr. Hill. I agree that it is better not to refer to the 
‘“ toe” or “ heel” of the brush but to use instead the 
terms “leaving edge ” and “ entering edge.” Mr. Hill 
mentions certain points which he considers to be dis- 
advantages of the vertical design. 1 have already dealt 
with the hollow shaft. 1 do not agree that supporting 
the a.c. brush gear or a commutator grinder will be 
difficult or inconvenient. Brackets in the sides of the 
pit could support a removable beam or beams to which 
the brush gear or the commutator grinder could be 


It is now regular practice | 


attached. In the case of the latter, I think that a 
much more rigid support would be obtained than is 
possible on the horizontal design, where the grinder is 
mounted on a pillar supported from the bedplate. I 
can see'no reason for oil being blown into the machine. 
The lower bearing would not be in the direct blast and 
in any case could be well screened. The amount of 
dust which will come from the slip-rings and brushes is 
so small that it would be imperceptible in an air blast 
amounting to several thousand cubic feet per minute, and 
I do not think there would be any more tendency for 
this dust to settle in the machine than under present 
conditions. By far the larger proportion would be 
carried through by the blast. As regards headroom, 
this is usually determined by the transformer, as, even 
if this is of the outdoor type, provision is generally 
made for it to be brought inside the substation for 
maintenance purposes. In a case which I considered, 
no additional headroom was required for the vertical 
design. Mr. Hill’s suggestion that we might again 


| consider the machine with rotating poles and brushes 
I am glad to know from Mr. Sills that the tendency | 


is very interesting, in spite of the prejudice one naturally 
feels against revolving brush gear. 

Mr. .Ross refers to the frequency of inspection. If 
by this he refers to a relatively rapid examination of a 
few special features I have no quarrel with weekly 
inspection, but if some hours have to be spent on each 
occasion in cleaning, adjusting, tightening up screws, 
etc., then I think that this should not be necessary 
at anything approaching weekly intervals. 

I think that Mr. Ross is correct in pressing for a 
relatively high operating voltage. I think he is also 
correct in suggesting that the buffer resistance across 
the circuit breaker, as used in the early days, was really 
inserted to assist the circuit breaker. I am surprised 
at the figure of 0:016 sec. which Mr. Ross quotes as 
the time required to open when the circuit breaker is 
operated via the relay. I agree that if the circuit 
breaker 1s found to operate as quickly as this in practice 
there is not much objection to the insertion of the relay. 

Mr. Ross raises the same point as have other speakers, 
in suggesting that machines will in practice never run 
near their thermal limits. Certainly if the system is 
initially designed with large margins or an eye to future 
development this will be temporarily the case, but we 
expect every electrified railway to show a steady growth 
of traffic and the time will, or should, come when the 
machines approach their thermal limits. How can we 
know when this limit is reached unless we have some 
means of measuring it? I agree that the present relay 
is in some respects a reasonably good substitute for 
the substation attendant, but there is just as good a 
case for direct temperature reading on heavily peaked 
loads in the manual substation as in the automatic. 
The less peaked the load, the less is its importance, in 
spite of which we find that direct temperature indication 
is in growing use on power station generating plant 
where the load is relatively steady. Any arguments 
which justify its adoption here are greatly intensified 
in the case of a traction rotary, and it is difficult to 
see any difference between the alternator stator and 
the rotary armature which can make the insertion of 
thermo-couples safe practice in the former and dangerous 
in the latter. 
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SUMMARY. 

Part I of the paper describes the wiring systems at present 
in favour and comments on the qualities of each, with par- 
ticular reference to suitability for the safe conveyance of 
electricity in domestic buildings under new supply conditions. 

It is argued that a metallically continuous, screwed, steel 
system with metal boxes at all outlets most nearly fulfils 
ideal requirements, and that attention should be more par- 
ticularly directed to the development and improvement of 
this system and its applications. More concentration on one 
good system should ultimately simplify rules and regulations, 
and increased production and more uniform practice must 
lower initial costs and improve the general quality of work. 

Part 2 treats more of the arrangements and lay-out of 
wiring in houses of 10 apartments and less, and gives the 
author’s views on the planning of circuits for lighting and 
power and for combined load. Some suggestions are offered 
whereby new building structures might be made more suit- 
able to receive electrical installations. A basis for estimating 
provisional costs, other than a rate per point, is indicated 
and it is suggested that the inspection of installations might 
be undertaken by inspectors responsible only to a joint body 
of control. 


TABLE OF CONTENTS. 


Part 1. -A Review of Modern Wiring Methods. 
Introduction. 
Insulated systems. 
(a) Wood casing and china cleats. 
(b) Cab-tyre sheathing. 
(c) Maconite. 
Lead-alloy systems. 
Conduit systems. 
(a) Slip conduit. 
(b) Screwed steel conduit. 
Joints and connectors. 
Main switches. 
Fuse boards. 
Fuse carriers and wires. 
Branch switches. 
Combined switches and sockets. 
Flush switch and socket boxes. 
Earthing of branch switches. 
Electric tools for wiring. 
Selection and comparison of systems. 
Part 2. The Lay-oui of Wiring in Small Houses. 
Influence of tarifis on wiring. 
Tenement buildings. 
(2) Rising mains. 
(b) Flats. 


TABLE OF CONTENTS—continued. 


Part 2. The Lay-out of Wiring in Small Houses— 
continued. 


Prevision by architects. 
Circuit arrangements. 


(a) General. 
(b) Heater circuits. 
(c) All-electric houses. 


Cost of wiring. 


(a) General. 
(b) Steel-house wiring. 
Tests and inspection. 


Part 1. A REVIEW oF MODERN WIRING METHODS. 


INTRODUCTION. 


Electric wiring is a subject which demands the 
occasional attention of the Institution. It is perhaps 
the most practical application of electricity because, 
essentially, it is concerned with that finer but most 
widespread and involved network of our arterial supply 
system which is on the right side of the meters. 

The largest section of our skilled electrical labour is 
employed in installation work, and the ramifications of 
the subject are constantly extending in directions which 
raise new problems. Many of these practical questions 
are petty in detail but are important in the aggregate 
to electrical progress. Those who might deem the topic 
of wiring unworthy of sustained attention have only to 
peruse successive sets of wiring rules to find evidence 
of the real difficulties encountered in endeavouring to 
frame comprehensive limits for the subject. 

House wiring may be studied from an «sthetic aspect, 
associated as it is with decoration and illumination, or 
may be considered merely as a commercial or pro- 
paganda agency. It is not appropriate here to enlarge 
on either viewpoint and, in addition, the paper does 
not approach the question on its most strictly scientific 
facet, i.e. investigating problems connected with electro- 
chemical changes in installation components and their 
surrounding structures. 

The author would seek rather to outline the more 
common modern wiring systems readily available and 
to suggest means and methods by which they are, or 
might be, applied with most advantage, particularly 
to the smaller class of house. 

British wiring work from 1880 to 1914 was superior 
to that prevailing in other countries. The war intro- 
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duced for a time many unskilled workers, shoddy 
material and wasteful methods, which was natural 
under our national system of meeting a crisis by changing 
everybody's job. However, it had the good effect of 
ultimately improving manufacturing processes so that 
we may have to-day greater facilities than ever before 
for the production of reliable wiring material and 
accessories, and it is our duty to see that these are 
‘developed and applied along lines which are acceptable 
to enlightened opinion. 

The war was followed by what some consider to be 
a blight of housing schemes. Gas was adopted in the 
majority of these, and trivial and inadequate wiring 
was too often fitted in others. Low competitive prices, 
combined with dear labour, invited meagre installations 
composed of .short-lived materials. The good done to 
the cause of electricity by these ill-conceived methods 
has been the financial clearance of a large proportion 
of the individuals who rushed in where the experienced 
contractor feared to trade. 


Now, however, there: are distinct: signs of ‘improve- : 


ment. Better buildings are demanding better installa- 
tions, and the coal strike, perhaps more than anything 
that has happened, has. convinced. the. public .that a 
substantial and well-fitted electrical installation is a 
most desirable investment. 

It may not be an unmixed evil that so many of the 
new small houses have been fitted with gas. It gives 
the greater field to cover with an orderly advance when 
we have decided and agreed on permanent methods. 

There are many supply engineers and others impatient 
of delays and rules who think that the lowest first cost 
of wiring work is the main consideration. This attitude 
is not sound or safe and cannot of course be shared 
by the contractor who risks his capital and his reputa- 
tion on the efficiency of every job he undertakes. 

Wiring methods have been influenced not only by 
climate, varying temperatures and salt sea-atmosphere, 
but by our variety of supply conditions and the early 
adoption of voltages considered unsafe for domestic use 
even by such commercial nations as the United States 
and Germany. The gradual evolution. from lower d.c. 
pressures to 250 volts d.c., and our successive relaxation 
of rules governing the loading of cables, have permitted 
us to meet with comparative ease the limited increase 
of the power load in the older houses. Perhaps this 
very adaptability of our early installations has given 
some engineers too much confidence. It appears to 
the author that we have now reached a critical point 
in the history of wiring, a point at which all work 
should conform to certain clearly defined limits and 
principles. We contemplate as a nation the general 
adoption of standard supply pressures, and alternating 
current at 230 volts has been indicated as the probable 
standard for lighting and small-power purposes. It 
follows that in many quite small installations there will 
be an a.c. pressure of 400 volts between terminals and 
switches. Again, short-circuit values in houses must 
rise with the linking of large generating stations and 
the great increase in the cooking and heating load. 

These foreshadowed changes in supply conditions 
should be prepared for now, and every contemplated 
installation—even the self-contained farm or country- 


house 25-volt installation—should be arranged and wired 
to suit the ultimate standard pressure. It is time to 
tighten rather than to relax rules, to insist on improved 
internal insulating qualities in switches, lampholders and 
the like, and to look to our fusing and earthing methods. 
In this paper the author purposes to sketch briefly 
the wiring systems and some of their accessories which 
are in daily use, and to indicate in connection with each 
the features which demand attention if the resultant 
installation is to be satisfactory. ; 
Such descriptions must appear elementary to most, 


‘but the excuse is that there is such abundant evidence 


of misapplied wiring that simple statements of the 
requirements are called for. 

By limiting the scope to the smaller class of house 
we necessarily cut out many of the more interesting 
problems and applications of wiring. The author hopes, 
however, that material will emerge for profitable dis- 
cussion, and the paper will fulfil its purpose if it assists 
in the co-ordination of effort towards the safe and sound 
electrification of British homes. ` 


INSULATED SYSTEMS. 


(a) Wood . casing, and. china: cleats——Wood casing 
designed originally to ensure complete separation of the 
two polarities throughout an installation latterly degene- 
rated into a wood-trough system for the tidy convey- 
ance of bunched conductors. In its first phase, when 
the Phcenix Rules flourished, wood casing was for the 
most part of good quality and fitted by skilled carpenters 
under the supervision of Victorian foreman electricians. 
Under these conditions it produced the most enduring 
installations. | 

Then the introduction of light American butternut 
casing made it a cheap and competitive system. The 
carpenters were replaced by labour unskilled in wood- 
work, and the bunching of conductors became so 
common that the somewhat risky practice was condoned 
in comparatively early editions of the I.E.E. Wiring 
Regulations. As a system it became discredited by its 
poor appearance and by the dangers to which it became 
liable through being used unsuitably in concealed and 
sometimes damp places. 

The proper and efficient fitting of wood casing is now 
too expensive in labour to justify its inclusion among 
modern wiring methods in general use. Curiously 
enough, the system is still favoured in Aberdeen, and 
the author has seen an extract from a recent specification 
for work in that city which reads: ‘‘ The casing to be 
carefully fixed to walls, etc., and concealed behind 
walls and under floors where possible.” 

Installation engineers who remember the difficulties 
of mitreing, of making bends, curves and crossings even 
with exposed wood casing, will agree that the concealing 
of such an essentially surface system invites trouble 
at an early date and risk of fire. 

Cleat systems in which china insulators are employed to 
fix vulcanized-rubber cables or flexibles, while providing 
the cheapest possible means of wiring, are obviously 
unfitted for domestic purposes beyond perhaps the re- 
quirements of wooden huts or other temporary dwellings. 

Improved methods of manufacturing cable have 
gradually eliminated the necessity for supplementing 


714 MUNRO: MODERN 


the cable makers’ insulation by something extraneous, 
such as the fillet in wood casing or the distance piece 
of a china cleat. At an early stage we became accus- 
tomed to the close proximity of the opposed .conductors 
in the case of twin flexible cord, but the binding or 
lapping of two or more vulcanized, stiff conductors under 
one fibrous cover and designed for general circuit work 
never became popular. Now, however, other non- 
fibrous forms of such self-contained composite con- 
ductors are much used. 

(b) Cab-tyre sheathing—The well-known cab-tyre 
sheathing, which is a stout, resilient covering of rubber 
compound applied by: annular extrusion over one or 
more vulcanized-rubber cores, was primarily devised 
for flexible cables in mines and workshops and was 
applied to that purpose with success about 16 years ago. 
As a protective covering for flexible cable it is ideal. 
It does not kink and it slips and bends out of threatened 
mechanical aggression as no other class of armour can. 
It has now for some years been much used as an outer 
protection for unbraided vulcanized-rubber cables for 
ordinary wiring work and as an alternative to a metal 
protector. Under normal wiring conditions, where the 
conductors require the quality of comparative rigidity 
for neat setting at mouldings, etc., and where the cables 
have necessarily to be supported by clips, the liveliness 
of cab-tyre sheathing would appear to be at a discount. 

This type of cable has other qualities most valuable 
for general wiring work. It is moisture-proof and is 
not apparently affected by plaster or cement. It is 
inconspicuous and light in weight, its smooth outer 
surface lends itself to the application of oil paint or 
distemper, and it is not readily ignited. 

The extreme portability of the cable, and the simple 
tools necessary for its erection, reduce to a minimum 
the time required for the placing of the cable in position. 
Owing to the small bulk of cab-tyre sheathing and to 
the unlikelihood of it being damaged by a plasterer’s 
trowel, it can be buried in the ordinary plaster coating 
of brick walls, or on occasion the cable can be laid in 
a plaster channel which is afterwards sealed by Keene’s 
cement. These qualities have led to this type of cable 
being introduced into many thousands of houses in 
recent housing schemes. 

While the sheathing is itself most waterproof, being 
continuously subject to visual inspection during manu- 
facture before subjection to the usual immersion tests, 
some care is of course necessary, especially in regard 
to treatment of cable ends, when it is being fitted in 
damp places. The series of moisture-proof fittings 
designed for the C.T.S. system by Mr. J. C. White are 
primarily intended for chemical works, breweries, byres 
and the like and are rarely applied in bathrooms, 
sculleries or back yards of small houses. For such 
places the usual outlet boxes supplied for metal-covered 
systems are often employed. The installer should 
remember, however, that all tubular conductor pro- 
tectors of small diameter may draw and convey moisture 
unless the ends are sealed to prevent its access. This 
can be readily done by opening out the strands and 
slightly smearing them with Chatterton compound before 
rewinding them for insertion into their terminals. 

In respect of capillary action it may appear to be 
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better to discard the usual 3/:029 in. or 3/-036 in. 
circuit cable for a conductor of solid section. The solid 
wire also has advantages in setting over cornices and 
mouldings. There might be a danger here, in that 
the extreme resilience of the covering would tend to 
hold a broken wire in contact until an unusual loading 
caused ignition. 

In the smaller houses a greater proportion of the 
wiring is exposed to sunlight than is the case in larger 
and more involved buildings, but in Britain, at least, 
the chemical activities produced by excessive sunlight 
must take long to affect C.T.S. cables. 

The ordinary installer of electrical wiring systems is 
familiar to some extent with the life limits of vulcanized- 
rubber cables, hot-water bottles, tobacco pouches and 
motor tyres, and makes due allowances, but he has not 
seen a piece of cab-tyre-sheathed cable disintegrated by 
time. Admittedly he has to take the material on trust 
as the sole protector of his conductors and his reputation. 
But he feels reassured and even confident of safety 
when the highly reputable cable makers of Great Britain 
have become more than ever associated in the manu- 
facture of this type of cable and recommend it for 
general wiring purposes. 

The cable is made in single and also in flat or round 
twin and in round three-core form. It has hitherto 
been more expensive than lead-protected cable, but 
within recent months a special quality has been available 
at a competitive price. 

(c) Maconite.—A more recently introduced system 
with insulation of the compound class has attained a 
high degree of recognition throughout the country. 
The Maconite insulation is comparatively dark in colour 
and is more flexible than any other insulation employed 
for cables, with the exception of pure rubber. Of 
slightly gelatinous appearance when newly cut, the 
material is completely vulcanized and does not get 
plastic when made warm by overload or by outside cause. 

Maconite insulation is not micro-porous and is thus 
not susceptible to penetrating oxidation, and it remains 
pliant at very low temperatures. It withstands acid 
and alkali fumes and can be used in plaster or under- 
ground without additional protection, the material 
being sufficiently resilient to resist a fair amount of 
abrasion. In old underground piping where ordinary 
vulcanized-rubber fibrous-coated cables have failed, 
Maconite has proved a more lasting substitute as it is 
not apparently so much affected by rust. It is made 
with braided covering for such conduit work. 

This form of compound insulation can be supplied 
with a lead-alloy covering directly applied, and as the 
complete cable is free from any fibrous layer or con- 
stituent the risks of surface leakage at the cable ends 
are obviated. Maconite is of most general interest, 
however, when considered as a surface system without 
lead or braided protection. For this surface use it is 
made in single and in twin figure-of-eight section and 
also in triple form. One of the coverings in the twin 
and triple pattern is ribbed longitudinally to enable the 
polarity to be distinguished. The cable can be clipped 
to walls by small metal saddles or lead-headed wall 
nails or by special short channelled wood pieces fixed 
by screws or pins through the centres. 
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Beading made of satin walnut and of the same section 
as the wood pieces is supplied for application to this 
wire. The beading does not completely cover the wire, 
i.e. it does not overlap to the extent of reaching the wall 
surface. This feature is of value when the wall surface 
is rough or uneven. The inequalities are taken up by 
the yielding insulation and are not reflected on the outer 
surface of the beading. 

Deeper channel covers which completely cover the 
wire are also available, and these may be held by screws 
or by spring clips which obviate the need for nails or 
screws penetrating the web between the conductors. 
Neat and effective universal non-metallic junction 
boxes, corner pieces and tee boxes have been specially 
designed for the system, and also steel channels for use 
where nail penetration might be anticipated. 


LEAD-ALLOY SYSTEMS. 


When ordering lead-covered cable in early days the 
contractor took pains to specify that his cables should 
be covered with pure Cornwall lead. To-day most of 
the cable specifications standardized by the Government 
departments call for new British or Colonial pig lead 
free from impurities. These specifications also debar 
the use of remelted or scrap lead. Possibly it is the 
use of remelted battery elements which is mostly feared. 

In spite of, or it may be because of, the early specifi- 
cations, many contractors had trouble with the original 
lead-covered cables. They were heavy and sagged; 
they expanded and contracted unequally and cracked ; 
they often became afflicted with blow holes; and they 
were occasionally eaten by rats. In ammoniacal or damp 
wood surroundings they crumbled away in the form of 
white lead powder. Almost always the early cables in 
domestic installations had their lead coverings soldered 
to inlet nipples and at these points were liable to be 
overheated at their first installation. 

Modern lead-covered cables, particularly those sup- 
plied for house wiring. by the Cable Makers’ Association, 
are free from most, if not all, of the disabilities of the 
earlier lead coverings. They are sheathed with what is 
called by their sponsors “a special metal” and are 
alluded to in the I.E.E. Wiring Regulations as having 

“a covering containing not less than 965 per cent of 
commercially pure lead (the remainder consisting of 
rarer metals).’’ The latter part of the description is 
calculated to inspire respect, but is popularly taken as 
implying the use of a small percentage of antimony 
which, when alloyed with lead, as with aluminium, 
imparts qualities of hardness and tensile strength. 
This much-used brand of lead-alloy cable is insulated 
with two layers of vulcanized rubber and then taped 
in a distinctive colour before being sheathed. It is 
made in single, twin and triple form, the multiple forms 
being of oval or flat section. 

While the lead-alloy cable dimensions are now 
standardized, the different makers have each their own 
designs of binding and bonding clips and boxes. 

It is primarily to secure a measure of watertightness 
and good metallic continuity that such cable is adopted, 
and it is regrettable that so many of the junction and 
outlet boxes issued for lead-covered work do not ensure 
the first quality and only inadequately provide the 


second. With screwed conduit systems we have a pro- 
tector which is itself robust, and boxes (to protect the 
weaker points, e.g. joints, etc.) which are relatively 
heavier and even more enduring. With lead-covered 
systems the reverse is the rule and the boxes are more 
fragile than the sheathing. 

Lead-alloy systems are now much used for hire- 
purchase installations fitted in old houses; and in such 
conditions it is desirable, apart from the question of 
continuity, that the joint boxes be of sucli a form as will 
not too readily invite amateur inspection or extension. 

There is little to be gained in neatness by using 
stamped accessories when cast boxes are available. 
Many contractors, indeed, use only iron conduit boxes 
with nipple and lead-wool bonds when fitting lead-alloy 
wiring, but cast and tinned brass, lead and aluminium 
alloy joint and outlet boxes are obtainable and are 
preferable in appearance. 

The practice of placing stamped bonding rings in the 
recesses of wood blocks should not be encouraged. 
The bonds are invisible and the metal ring is too near 
the china connectors, which are necessarily also con- 
cealed beneath the blocks. These objections also apply 
to interior earth wires. Precautions to ensure con- 
tinuity are important with lead covering, in view of 
electrolytic dangers to which as a system it is particu- 
larly exposed, quite apart from the main purpose of 
bonding, which is to provide for the sudden and safe 
conveyance to earth of emergency current-surges. 

The soldering of bonds is suggested in the I.E.E. 
Wiring Regulations, but even this has its dangers and 
in the present-day struggle to keep down costs it is 
rarely resorted to as a means of attaining continuity. 

The Wiring Regulations specify a resistance test for 
lead-covered wires after erection, but few ever carry 
out this test or know how long the continuity conditions 
may be stable with the brass or aluminium clamps or 
pinching screws commonly used, especially after oxida- 
tion, dust and a film of paint have combined to fill the 
uninterrupted air channels which are too often features 
of modern continuity clamps. Pinching-screw contacts 
with a material so soft and inelastic as lead do not 
inspire confidence, and one feels that there is a need for 
the more strict specification for the dimensions and 
tinning of clamp bonds for this most useful class of 
cable before the system can be conscientiously recom- 
mended as reliable and safe. 

Lead-covered cables share with the insulated systems 
the disability of being readily pierced by nails, a danger 
not to. be depreciated, as faults due to this cause are 
quite common. The lead-covered cable has the advan- 
tage, however, that it automatically indicates those 
particular faults caused by nails which actually touch 
the contained live wire. A nail, however, may penetrate 
the cover only, or the cover and the conductor which is 
at earth potential, and the fault may remain dormant. 


i CoNDUIT SYSTEMS. 

(a) Slip conduit.—Zinc conduit played a useful part 
in the early development of wiring, and in various forms 
is still popular on the Continent. It is practically 
incorrodible under all ordinary conditions and responds 
so readily to temperature-changes that condensation 
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is unknown. During its vogue in this country it was 
seldom, if ever, employed as a surface system and was 
sometimes used for the concealed portions of wood- 
casing installations. Zinc tubing, however, was lost 
sight of—except for bell work—in the quick rise to 
favour—in about 1900—of light-gauge enamelled steel 
conduits. 

The unscrewed light-gauge steel conduit was from 
the beginning cleverly advertised along with an attrac- 
tive series of boxes, bends, elbows and the like, and 
achieved the popularity which attends good publicity. 
It could be erected with great rapidity and occupied 
less space than the wood casing or the heavy wrought- 
iron screwed barrel tubing which were then its chief 
competitors—and it was also much cheaper. This 
steel conduit, in practically its original form and range 
of dimensions, some 16 years after its introduction 
achieved the distinction of being designated Class A in 
the British Standard Specification for Electrical Conduits. 

It was found by many to be too susceptible to rust 
for general adoption, and its enamelled slip-in couplings 
prevented metallic continuity. The author was among 
those who first tried to remedy this latter disability by 
designing varied formis of couplings with pinching screws, 
compressing nuts and other devices. His patent for 
these was acquired in 1903 by Messrs. Stewart and 
Lloyds, who applied them to a heavier class of tube than 
that which had become standard for electrical work. | 

One is always doubtful, however, of the permanent 
effectiveness of a multiplicity of pressure contacts in 
series. The use of tacks or wedges driven into the ends 
of couplings with the double purpose of scraping off the 
insulating enamel and binding the tube, or even the 
now more generally accepted pinching-screw sockets, 
appear futile and unreliable methods of attaining the 
desired object of making the enamelled conduit sections 
into a continuous conductor to earth. Such devices 
may perhaps again come into favour when aluminium 
conduits are available for wiring work. 

It is chiefly as a concession to economy of first cost 
that the Eighth Edition of the Wiring Regulations 
countenances slip-socket conduit. The sockets must be 
of the (so-called) continuity pattern and be provided 
with some form of screwed or grip joint. The Regula- 
tions, however, also state that the conduit joints must 
give ample and permanent electrical conductivity, and 
specify an electrical resistance of not more than 2 ohms 
between a point near the main switch and any other 
point of the installation. 

Light-gauge conduit will alate to be used for bell 
work, but for lighting it is now practically confined to 
what a reputable firm of conduit makers call the 
“ country trade,” and its passing will probably not be 
regretted even by the manufacturers, who report “an 
enormous increase ” in the output of heavy-gauge 
screwed steel conduit. 

(b) Screwed steel conduit.—Steel conduit lined with 
insulating material other than enamel is now rarely 
called for, and the sizes and gauges given for 
Class B in the British Standard Specification have been 
adopted by nearly every installation engineer. 

The three classes of heavy-gauge electrical conduit 
are welded, brazed and solid-drawn, and the first is by 
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far the most popular. The standard sizes range from 
+ in.external diameter to 24 in. From figures supplied 
to the author by the leading makers it is evident that 
the order of the demand for these is as follows :— 


$ in., chiefly for London, Glasgow, Manchester, Bir- 
mingham, Edinburgh and the larger towns. | 

$ in. rivals the ł in. size in. popularity and the area 
of use is more widespread. 

l in., l in., 2in. and 24 in. sizes follow the £in. in 
diminishing demand as the larger sizes are reached. 

3 in. size is in very small request : some makers report 
that the demand is practically nil. 


The above order is of course based on the length supplied 
and not on the cost. 

The fact of #-in. conduit being i in most demand may 
indicate the popularity of looping methods in modern 
British practice, and it shows that the temptation to 
bunch circuits unduly into larger conduits is held in 
restraint. 

Although the ?-in. conduit with its relative accessories 
is naturally more expensive than the in. size, it is 
often found that the cost of circuit work as a whole is 
less with the larger conduit owing to its greater capacity 
for cables and the longer runs allowable between draw 
boxes. 

When the conditions are severe, as in outside work, 
the conduits are preferably galvanized and coated with 
aluminium or red lead paint at the couplings. In 
addition to the more usual tube treatments, e.g. hot 
galvanizing or electro-galvanizing, there is now available 
a zinc-impregnated conduit of exceptionally smooth 
finish and ductility. The manufacturing process of 
this ‘‘ Z.I.R.” conduit consists of heating the cleaned 
steel conduit in a muffle furnace along with a special 
zinc compound for a prolonged period and at a definite 
high temperature until the zinc sublimes and permeates 
the pores of the exterior and the bore of the conduit. 
The matt grey surface of this special conduit is attractive 
and the conduit stands up to most severe salt-spray 
tests. 

For ordinary domestic work, however, the insulating 
black enamel as supplied by British conduit makers is 
sufficient protection against rust, and it is of a good 
elastic quality which is rarely found to scale or chip. 

Where it is desirable to have conduits exposed on a 
wall, it is best to use spacing saddles or wood slips 
which support the conduits free from the surface and 
thus facilitate painting. 

The surface of wall or ceiling is often of uneven quality 
and in such cases covered or insulated systems accentuate 
the undulation, requiring, as they do, to be supported 
at short intervals. On the other hand, conduit, while 
of greater bulk, is fixed clear on spacing saddles at 
much greater intervals, is independent of wall irregu- 
larities and gives a more pleasing surface effect. 

In these days of expensive paintwork and when the 
cost of every building item is closely examined, it 
might be advisable for conduit manufacturers to make 
available a grey-coloured conduit for use on ceilings 
and other light surroundings. 

In buying conduit, as with most’electrical components, 
it is well to be wary of keen prices. Faulty consign- 
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ments of conduit, too hard to bend, of unequal section 
or diameter, or blocked with fins or blobs of metal, can be 
the cause of much delay and vexation in the doing and 
re-doing of work. | 

The British Standard Specification for Electrical 
Conduits says nothing with regard to cold bending 
qualities and internal freedom from metallic obstruc- 
tion. Nevertheless, it is wise when ordering conduit 
from an unknown source to stipulate for B.E.S.A. 
conduits and also to check samples with a reference 
gauge, for much time is wasted if the screwed ends of 
conduit or couplings have to be re-tapped to make 
them fit. 

The in. diameter conduit should have a minimum 
length of thread of Fin. The makers are not limited 
by specification, however, to any maximum. A longer 
thread is sometimes a convenience, but the appearance 
and permanency of the work are improved if there is 
little thread exposed. 

Conduits are usually delivered in bundles with the 
screwed ends protected by canvas, straw or cardboard 
covers, and these should be left on until the tube is 
actually required. The standard specification gives 
conduit lengths of 10, 12 and 14ft. In commercial 
practice, lengths of 15 ft. or even longer are not 
uncommon. 

Many erectors do not give sufficient attention to this 
point of the lengths of conduits. If, for instance, we 
are considering repetitive work, as in a housing scheme, 
much waste of time and material can be avoided by 
delivering bundles cut beforehand to special sizes. 
Again, on larger buildings the longer lengths, by their 
freedom from the recurrence of couplings, may save 
deeper chasing on brick or concrete walls, and floor to 
floor may be bridged free from the awkward projection 
of any coupling. - 

It is undesirable to employ screwed bends for conduits 
below the fin. size. Better and quicker work 
can be done without them. Occasionally, however, 
with the larger sizes it is advantageous to make templates 
and have certain conduit lengths set by the makers. 

When well planned and erected by tradesmen there 
is no doubt that a heavy-gauge steel conduit installation 
provided with metal outlet and junction boxes repre- 
sents the best wiring practice. 

For most building structures and for practically all 
modern dwelling houses we may estimate the life of the 
conduit as equal to the life of the building. 

A good conduit installation implies the use of good 
vulcanized-rubber cables taped and braided, and this 
class of cable, especially when of C.M.A, manufacture, 
we have learned to rely upon. The most casual examma- 
tion of this most popular variety of wire gives a confidence 
which is now rarely betrayed. It is so reassuringly made 
layer upon layer—a possible defect in one is protected 
by the next covering. The tinning is usually a healthy 
colour, as there has been no temptation to overheat or 
to apply extra pressure in fitting the outer protection. 
There are half-a-dozen layers of differently applied 
coverings discreetly graded from the higher insulation 
to the higher protective qualities, and all the components 
have an insulating value. 

These conducting cables also in a draw-in conduit 
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system are fitted under the most favourable auspices. 
They are not exposed to moisture or to the viscissitudes of 
the earlier building processes as is the case with cables 
buried in plaster, but are drawn in when the house 18 
dry. Under such conditions one may count on a long 
life for the rubber insulation. 

When in the course of 20 or 30 years the rubbcr s 
oxidized and perished—and all rubber or rubber- 
compound insulations are unreliable in about that 
period under the climatic conditions prevalent in this 
country—the cables can be rapidly withdrawn from 
the conduit and replaced without any disturbance to 
wall surfaces. The same cannot be said of any other 
wiring system, and this quality of easy and inexpensive 
rejuvenation without involving repainting and re- 
papering is the strongest possible recommendation to 
the adoption of the screwed-conduit system.’ 

Overheating and moisture are the two most common 
causes of the breakdown of rubber insulation. The 
first does less harm to a cable free to expand within 
the air space of a good heat-conducting steel conduit 
‘than to insulation possibly gripped and strained by the 
varying expansions of its alleged protector. 

Moisture reacts directly on the rubber and by the 


formation of rust releases further chemical agents 


inimical to insulation, so where conditions point to 
possibilities of condensation it is wise to provide a small 
drip outlet at the lowest point of the system. This 
will generally suffice to prevent trouble. Some advocate 
an opening at the highest and lowest point on each 
circuit to encourage a free draught of air; indeed this 
is indicated in the I.E.E. Wiring Regulations. The 
author’s experience in this regard is that the less draught 
the better, as the moisture comes from the air and if 
there is constant influx of air a more constant distillation 
of water is invited. But electrical troubles due ¿o 
water in house buildings are very uncommon with screwed 
conduit if common sense is used and obvious precautions 
are taken. 

The outlet boxes characteristic of a good conduit 
system protect the rubber ends from dust and provide. 
effective mechanical means for the fixing and earthing 
of switches, sockets and fittings. The conduit boxes 
have more room than is usual in the classes of outlet 
employed with lead-covered or compound systems, so 
that it is possible to provide a useful inch or so of 
additional coiled cable ends at switch, socket and 
fitting outlets. 

Some spare cable provided at the outset is a con- 
venience when replacing a branch switch, and by 
judicious pruning of ends when they get hard the useful 
life of the wiring can often be prolonged. 

With all systems of wiring we find that the first signs 
of decay of the insulation are evident at the brass 
terminals of connectors, switches and fuse boards. 

Before attempting to compare the relative advantages 
of the three main systems of wiring, soine reference 
must be made to joints, switches and fuse boards which 
are common to all. 


JOINTS AND CONNECTORS. 


With all the foregoing systems, joints or connectors 
are necessary. The careful and correct making of cable 
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joints was at one time considered a most important 
part of the training of a wireman. It is so still. Yet 
there are, no doubt, many modern apprentices who 
have completed their entire training period without 
having made one interlaced soldered and insulated joint. 

There is no room for joints in the boxes common to 
lead-covered or compound insulation systems, and with 
conduit work the prevalence of looping has led to a 
more general adoption of screw connectors. 

For the best modern conduit work there are many, 
however, who still prefer the soldered joint. It neces- 
sarily differs from the older forms of T- or star-shaped 
joint which radiated from a centre on one plane. The 
deeper boxes now used require the conductors to have 
their ends brought out at right angles and then 
twisted together before being lapped with pure rubber 
and black insulating tape. For soldering joints there 
is still no flux on the market so safe and suitable as resin. 

Among the connector boxes supplied for the lighter 
systems of wiring there are several made of hard com- 
pound insulating material which have connector ter- 
minals embodied in their composition; or if of metal 
they contain a china ring base having terminal blocks 
thereon. In such boxes it has been found that four 
such terminal blocks meet most of the ordinary circuit 
requirements. 7 

Shaped rectangular or circular china bases carrying 
projecting terminals had a vogue for use in conduit 
boxes. These fixed china base connectors have, how- 
ever, been replaced in favour by detached china 
shrouded forms. 

The most popular china connector of recent years is 
of rectangular block shape and contains one, two, 
three or four cylindrical brass tubes of stout section, 
each tube in its own tunnel in the china block with a 
pinching screw near either end. Various qualities of 
this type of connector are available and some of these 
are well constructed with ample room for the wire and 
with reliable set-screws. The one-way pattern is to be 
preferred, as it lessens the risk of leakage by con- 
densation, which is possible when both poles are con- 
tained in the same china block. . 

These rectangular connectors are in turn being 
superseded by small thimble- or bullet-shaped con- 
nectors of china or other insulating material. This 
class is a revival of a very old form which contained 
a thick annular ring of brass into which the twisted 
ends of the cables were inserted and held by a set-screw. 
The newer patterns sometimes have a spring embedded 
in their insulating cover, or an internal metal thread 
which serves to hold the insulating cap in position on 
the bared and twisted cable ends. l 

One form of this convenient class of connector has 
no metal in its composition but has two internal threads 
cut in its unglazed porcelain interior. 
has a funnel opening and saw-tooth thread to grip the 
cable insulation, and the upper part, which binds the 
bare cable ends, has a rounded normal thread and also 
becomes narrower towards the interior. To apply this 
“ one piece ” connector the wires to be joined are bared 
and held side by side while the connector is screwed 
on and itself twists and adapts the ends into position. 
Good contact can be made with this form of porcelain 


The lower part 


connector and if care is exercised in the insertion of 
the insulation into the lower part it is waterproof to 
a degree. The connector should be unscrewed after its 
first application, to make sure that the junction is 
according to plan. These connectors have been used 
for many years in America and the Continent and are 
rapidly gaining favour here. There is nothing to 
prevent the cable ends being soldered after their first 
withdrawal from the connector; then when recapped 
with the porcelain cover an excellent, well-protected 
and apparently permanent junction is obtained. 


MAIN SWITCHES. 


Ironclad main switches for the control of even the 
smallest installations are now in favour, and manu- 
facturers offer a fair choice of design at very low prices. 

It is not always fully appreciated when selecting 
switches that the conditions in house lighting differ 
from, say, motor control in a workshop, although the 
voltage and the maximum amperage may be the same 
in both situations. 

The switches for both should be, to a certain extent, 
foolproof, but in the workshop the switch may have 
to make and break a circuit many times a day, whereas 
in a house several years may elapse between opera- 
tions. A switch having efficient quick make-and- 
break arrangements largely dependent on the light 
steel springs may prove efficient in a workshop and 
give due warning as it gradually approaches the 
defective state. In domestic conditions where the 
switch may be used only in emergency at long intervals, 
it is not uncommon to find the springs corroded, clogged 
and ineffective and the blades jammed in their contacts 
when the time comes to operate. A positive action on 
the switch handle is, therefore,-specially necessary in a 
house main switch, and robust blades and sockets are 
more important than springs. | 

Double-pole switches combined with double-pole cut- 
‘outs are popular everywhere for main control, and in 
the smallest variety of house these are often the only 
cut-outs provided for the protection of the branch wiring. 


FUSE BOARDS. 


When two or three circuits are called for it is usual 
to fit external pairs of small ironclad porcelain bridge 
type single-pole cut-outs mounted on the same wood 
back board as the main switch. When this arrangement 
is indicated it is often better to use double-pole cut-outs, 
each pair being enclosed in a cast-iron case. This 
avoids exposed crossings of circuit wires.. There is, in 
the author’s opinion, room for a range of simple, robust 
ironclad double-pole switches of the 15-, 30- and 
60-ampere size, the cases in each class containing three 
or four sets of double-pole cut-outs of appropriate size. 
This range of switches would cover most of the con- 
ditions met with in the kind of house under considera- 
tion and would provide a self-contained fitment superior 
to the present arrangement of detached fuses or detached 
fuse boards. This combination would ensure the main 
switch being “‘ off ” while fuses were being replaced and 
tend to make the fuse board as feolproof as the main 
switch. 
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The use of the double-pole coupled tumbler switch 
should now be forbidden. It is rarely set with the 
proper accuracy on its wood base, so that the switch 
contacts may be defective from the time of erection, 
and it is too liable to degenerate into a single-pole 
switch. 

The day of round or rectangular china cut-outs for 
house work ought also to be finished. They may be 
very cheap to buy but they are not always cheap to 
erect. They may on occasion be dangerous, and 
effective fuse replacements are always difficult. 

The continuous slate, marble, or china base for cut- 
outs is now out of date for small fuse boards, and 
separate china Home Office units are becoming the 
British standard. Cartridge cut-outs of the American 
or Continental varieties have never been popular in 
this country. 

In 1896 the author designed and used china bridge 
fuse carriers, each contained in separate china boxes. 
The boxes were threaded on rod busbars so that the 
fuse carriers could be placed exactly in front of the 
entering circuit wires. They were designed primarily 
for use with wood casing but embodied several ideas 
which have reappeared at a later date. 

Where separate double-pole fuse boards are used in 
houses the great majority are in wood cases, and in 
better-class work the conduits terminate in the sides 
of an iron box fitted behind the fuse board. This 
arrangement is good in a house where all the fuse board 
surroundings are dry and insulated, but with the general 
tendency to use Home Office fuse carriers everywhere 
the ironclad patterns of fuse board are being increasingly 
employed and save time in erection. | 

The iron-box fuse case designed for general adoption 
in small house work should be suitable for surface 
mounting, but it would be an advantage also if it were 
adapted for neat recessing into the wall for a depth of, 
say, 14 in. It should have the top and bottom sides 
fitted with removable plates or troughs for the recep- 
tion of the conduits or other types of circuit conveyors. 


Fuse CARRIERS AND WIRES. 


Until the vogue of the Home Office patterns of fuse 
carrier one could tell by a glance at the fuse boards 
which fuse had blown. Now that the actual wire is 
concealed it is necessary to consult a circuit list—which 
is useless if we do not know the names of the rooms— 
or we must withdraw the fuse bridges one by one. This 
defect of the Home Office fuse carrier may ultimately 
drive us to adopt the indicating cartridge type of cut-out. 

Sometimes the tracing of the offending circuit is too 
convincingly easy, for we find the fuse, its bridge and its 
whole unit melted and shattered by a very simple 
short-circuit. Short-circuit values of several thousand 
amperes are easily attained on house circuits under 
modern conditions of supply, and although the I.E.E. 
Wiring Regulations specify that a 10-ampere ordinary- 
duty fuse carrier is only to be used when the maximum 
short-circuit current cannot exceed 1000 amperes, the 
installation engineer is not in a position to determine 
this figure. 

The damage resulting from such a blow-out is generally 
much reduced if the fuse wire is contained in an asbestos 


tube, which tube has the further good effect of pre- 
venting cooling of the wire by contact with the china. 
Many householders, however, throw away as a nuisance 
the asbestos tubes which are supplied originally, and 
they further endanger their installations by replacing 
by the wrong kind and size of wire. 

There are too many varieties of fuse wire: tin, 
copper, iron, lead, aluminium and an alloy of tin and 
lead are all in everyday use. Few electrical engineers 
remember their fusing values. Yet ladies come into 
contractors’ premises and ask for reels of fuse wire 
“ for lighting ” or “ for heating ” and depart with any- 
thing they are given, to work no one knows what mischief. 

The tin and alloy wires are still the most common in 
use but are apt to leave a metallic deposit on carriers 
which may upset the setting of the fusing current. 

Many fuse carriers are not suited for the larger sizes 
of tin wires, No. 18 S.W.G. and upwards, and it may be 
time now to give weight to a recommendation for the 
employment of copper wire only for domestic fuses. 

If one fuse metal were adopted as standard we should 
become familiar with its range of capacities, and for 
fuse purposes it might be supplied with a loose asbestos 
covering. 


BRANCH SWITCHES. 


In reports of faults and accidents one occasionally 
reads that the lights were controlled by an ordinary 
5-ampere switch, but those who have much to do with : 
installation work know that there is no such thing as 
an ordinary 5-ampere switch. 

In Britain we have never wholly taken to the double- 
push switch as used in America, or to the rotary china 
switch which is so common on the Continent. The 
accepted and typically British type is of circular pattern 
and is actuated by a dolly handle. Originally these 
switches had a deep (almost semi-spherical) fluted metal 
cover. For some 10 years, however, a brass cover of 
less projection has been favoured. Such surface patterns 
are mounted on a solid or a recessed block or a fibre 
lid or are directly screwed to an iron box. The semi- 
flush patterns have shaped china bases which recess 
neatly into their iron boxes or wood back-blocks. The 
sunk or flush pattern may have similar switch action 
to the two patterns mentioned but is designed for 
fixing in a box which is covered in on the face by a plate 
of some kind. 

This division into surface, semi-flush and flush, is only 
the beginning, however, of many sub-classifications 
which appear to be increasing as installation work 
develops. The china bases, as a rule, are white or 
black, but the finish of the covers and handles is of 
great variety. Not only are there the common metal 
finishes aś polished brass, antique brass, nickel plate, 
silver plate, oxidized copper, Florentine bronze, coinage 
bronze, satin brass, armour bright, steel bronze, white 
metal, bright silver plate, oxidized silver, ormolu and 
gilt, but there are also ‘‘ Shelloid ” finishes in lapis 
lazuli, green marble, grey marble, red marble, coral, 
tortoiseshell, turquoise and so on. . One maker alone 
has 40 standard metal finishes, in addition to a variety 
of plates in glass and other insulating materials. 

There are, in this country, about half a dozen manu- 
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TABLE 1. 


5-Ampere Tumbler Switches. 


Back-entry 
Covers, terminals 
Type of switch pee pe 1 e | Sete | nes |e 
and colours for sunk 
switches 
(Single-way quick-break common 
type : 1 1 1 1 0 1 l 
Single-way quick-break with wire 
earthing terminal 1 1 1 1 0 1 1 
Single-way quick-break with earth 
lug l 1 1 1 0 1 I- 
Single-way quick-break " colonial 
with feet . 1 1 0 1 0 1 0 
Single-way quick-break, | ‘slotted 
base 1 1 0 1 0 1 0 
Single-way quick- break with S. P. 
fuse — .. l 1 l 1 0 1 0 
| Single-way quick-break, all insu- 
Surface lated i3 B 1 l1 . 0 1 0 1 1 
fone Single-way quick-break “ceiling 
yP type, one cord .. eu 1 0 0 1 0 0 1 
Single-way quick-break | - ceiling 
type, two cord .. 1 0 0 ] 0 0 0 
Single-way quick-break, press to 
** make” .. 1 0 0 '1 0 1 0 
Single-way quick-break, press to 
“ break ” s3 1 0 0 1 0 1 0 
Double-pole and alight 1 1 0 1 0 1 0 
Two-way 1 1 0 1 0 1 1 
Two-way and “ off ' = 1 1 0 1 0 1 0 
“ Twinob ” 1 1 0 1 0 1 0 
Intermediate. 1 1 0 1 0 1 0 
Series-parallel TA 1 1 0 1 0 1 1 
\ Series-parallel and ‘‘ “off úl 1 1 0 1 0 1 0 
l Single-way quick-break 1 1 1 1 0 1 1 
Single-way with wire AS ter- 
minal di E 1 1 1 1 0 1 1 
Single-way with earth lug 1 1 1 1 0 1 1 
Semi-flush < Single-way, all insulated .. 1 1 1 l ° 0 1 1 
Single-way, press to “ make ” 1 0 0 1 0 1 0 
Single-way, press to ‘‘ break ”’ 1 0 0 1 0 l 0 
Two-way l 1 0 1 0 1 1 
Intermediate 1 1 0 1 0 1 0 
Single-way quick-break (box cir- 
cular, oval or square) .. P 1 1 1 1 1 0 1 
Single-way switch, “ ping in ” 
terminals . ] 1 l ] 1 0 1 
Single-way switch, ‘i ‘earth ' e strap 1 1 1 1 LE $ 0 1 
Single-way gwitch, insulated ae 1 1 0 1 1 0 1 
Flush Double-pole and‘ 3-light ; 1 1 0 1 1 0 0 
"* | Two-way and SESE (also insu- . 
lated) ng 1 1 0 1 1 0 0 
Two-way and “ off a (also insu- 
lated) 1 1 0 1 1 0 0 
Intermediate Di ie 1 1 0 1 1 0 0 
“Twinob” .. J pi oh 1 1 0 1 1: 0 0 
Series-parallel 1 1 0 1 1 0 1 
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facturing firms who supply the great bulk of the reliable 
branch switches used. There are many other makers 
of switches, however, and their processes and patents 
differ in each case, so that one may specify a white- 
based polished-brass-covered 5-ampere surface switch 
of small projection pattern and receive from many 
sources switches which fulfil the description and have 
a surface resemblance but are distinct in detail, quality 
and price. Within recent years the need for switches 
which make contact quickly as well as break it quickly 
has much increased and this demand has further 
amplified the diversity of patterns. It is not realized, 
except among those who are immersed in wiring work, 
that there is such a bewildering variety of 5-ampere 
branch switches. 

It is interesting to tabulate the types of tumbler 
switches which are in constant demand for domestic 
use and which can generally be obtained without undue 
delay from contractors, factors or manufacturers. 

In Table 1 those switches in the first column which 
have the qualities or attachments indicated in the 
headings are marked 1. The switches not made with 
the relative variations are marked 0. ) 

The table has been prepared from the lists of some 
of the leading makers of branch switches and is useful 
for ascertaining what types are available when it is 
desired to fit switches which are (A) all insulated, 
(B) earthing or (C) quick make and break. A glance 
at the table shows at once that we cannot at present 
readily get switches of tumbler type for the full range 
of domestic control in types (A), (B) or (C) or in a com- 
bination of (A) and (C) or (B) and (C). 

Present and future lighting conditions in this country 
make it very desirable that branch switches, at least in 
1-way, 2-way, intermediate and double-pole types, should 
belong to classes (C) and (B). When the perfect material 
for the making of insulating handles and covers is 
found then we should have all these switches with the 
qualities of (A), (B) and (C). 


The table is not complete as it does not show such . 


tumbler types as the “ Marvel,” reversing, reversing 
and off, three-way, etc. Neither does it include the 
iron-cased and water-tight range with their dollies, 
triggers, knurled rotary or pull-down knobs, nor the 
varieties of portable switches, l-way, 2-way, etc., in 
cocos wood, ivorine, ivory, etc. Many of the switches 
in the table are also in constant demand in 3-, 7-, 10-, 
and 15-ampere sizes, and all may be required for duty 
on pressures which vary from 25 to 500 volts. So it 
can be observed that British switch makers are not 
afforded many opportunities of inaction. 


COMBINED SWITCHES AND SOCKETS. 


Branch switches mounted on the same china base 
with sockets have attained popularity. They are 
supplied in 3-, 5-, 10- and 15-ampere sizes and arranged 
for the front or the side entry of their 2- or 3-pin plugs. 
They have the advantage over the original separate 
switches and sockets in that they are more compact, 


are simple to fix and, as they reduce the number of 


wire contacts, are less liable to overheat. 


It might be a convenience if the front-entry type had ' 


the face of its socket raised to the same plane as the 


top of the screw thread which holds on the cover ; then 
the combined switch and socket could be readily used 
for sunk positions when required. But this would have 
the demerit of slightly increased projection of the 
plug top when the switch socket was used for surface 
work. 

The switch handle movements are generally so arranged 
in relation to the channels in a socket that such com- 
bined switches and sockets require to be placed 
vertically. This is an advantage as the appliance 
can be used indiscriminately at the right or left of a 
fireplace, bed or desk without offending the eye or in- 
volving the crossing of cords over the switch, but it 
often proves a disadvantage in small houses where 
there are narrow skirting boards. In such cases it is 
better to revert to the separate switch and socket than 
to fit the combined appliance with its switch movement 
horizontal, as is sometimes done by careless installers. 
Interlocked switch sockets for the most part also require 
to be fitted with their axes vertical, and they have not 
yet reached full popularity on account of their high 
price and, in some patterns, their tendency to break 
down. 

Well-designed and manufactured interlocked switches 
and sockets dre now available of circular shape, and 
these of course may be used on narrow skirting boards 
or placed without need to consider whether the apparatus 
they supply is on their right or left. They are provided 
with 3-pin hand-shield plugs. 

Flexible cords for portable apparatus when attached 
to the common 2-pin plug controlled by a single-pole 
switch are liable to be live relative to earth whether 
the switch is “on” or “off” and for this reason, in 
addition to its increased circuit-breaking capacity, it is 
better to employ the double-pole pattern of branch 
switch or combined switch socket. In the author’s 
opinion all portabie heaters or cooking appliances should 
be controlled by double-pole switches and 3-pin plugs. 
Such switches when of the tumbler type should be 


provided with an insulated cover or a cover lined with 


insulating material. 

The branch switches above the -ampere size for 
domestic purposes are usually of the 10- or 15-ampere 
size and are sometimes fitted with long, parallel dolly 
handles convenient for foot operation. Very useful and 
reliable rotary-action switches are also much in demand 
for heaters. The make and break in these is very 
rapid and they can be conveniently arranged for double- 
pole, series-parallel and multiple-unit control. This 
type of switch has a nickel-plated or black cover and 
is provided with a window which is the only outward 
indication as to whether the switch is ““ on ” or “ off ”’ 
or at “high,” “medium ” or “low.” The indicator 
is most excellent and useful when the switch is com- 
paratively high as on a cooker but is of little use when, 
as is so often the case, the switch is fitted to the 
skirting board a few inches from the floor-level. A 
new variant of this rotary switch made in black and 
fitted with an indicating white handle which turns 
right or left is now popular for cooking stoves and 
gives good service in positions which are free from 
the risks incident to the moving of furniture. 

In apartments where the surroundings demand neat- 
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ness and where the heater requires 20 to 30 amperes 
there is no other readily available kind of switch except 
those with a rotary movement, and these have often 
to be sunk by the installer in an iron box and covered 
by a plate provided with a window or dial indicator. 
The result is quite pleasing but comparatively costly 
to attain. 


FLUSH SWITCH AND SOCKET BOXES. 


While the best work demands the provision of iron 
outlet boxes, they are not invariably used for surface 
switches. For flush switches, however, few situations 
permit of the omission of a box of some kind. The use 
of wood or stamped brass boxes for sunk switches is 
lessening, and cast-iron or malleable cast boxes are now 
practically standard. 

The primary purposes of a switch box are to protect 
the switch from dust, moisture and debris, to maintain 
continuity and provide good mechanical support for the 
' switch and its cover plate. 

The faces of the switch boxes should be flush with 
the finished wall surface, and as they are usually 
erected before the plastering is done the gauging of 
their position requires judgment and experience. 

- A deeper box is required if the conduits or other 
cable conveyors are run behind lathing than is the case 
when the switches are on a plastered brick or stone wall. 

As several conduits may radiate from the top, bottom, 
sides or back of a switch box, room for lock nuts must 
in some cases be provided and space for cable ends 
must be retained. The popularity of looped wiring 
adds to the difficulty of designing a standard switch 
box. Rectangular switch boxes are more adaptable 
than those of circular or elliptical shape and permit of 
conduits entering near a corner rather than in the centre 
of the side of the box, thus enabling space to be gained. 

As there is difference in the forms of boxes so are 
there many methods of securing the contained switches. 
These may be screwed directly to the back or with the 
intervention of a rubber or fibre washer to prevent 
breakage. They may be fixed to wood strips, they 
may be supported by solid or tubular brass pillars or 
distance pieces, or they may be secured to fixed or 
movable metal grids which can be adjusted to counteract 
inequalities in the setting of the boxes. For 30 years 
it was customary for contractors to design or adopt their 
own switch boxes, and it is only comparatively recently 
that the switch makers have taken to manufacture 
branch switch boxes. 

When the exact requirements can be foretold there 
may be advantage in receiving from the makers boxes 
containing switches, sockets, etc., mounted complete 
in their boxes. One is reasonably sure then that all 
the fixing holes are tapped and screws provided. Unfor- 
tunately, however, as the boxes themselves have as a 
rule to be fixed months before it is time to attach the 
switches and plates, waste of time is caused in taking 
the components apart in the first place, and in addition 
there is invariably also loss of parts when the time 
comes for the switches to be attached. 


advantage if a uniform size and thread of brass screw 
were adopted for fixing switches, ceiling roses and the like. 


. Incidentally it , 
may be mentioned here that it would be of great. 


It is not often realized how difficult a task the wireman 
has in arranging and adjusting the depth of branch 
switches and seeking for minute screw holes in the back 
recesses of a box which is blocked by cable ends. 

It is not uncommon to require switches of various 
depths in one box. There may be, for instance, l-way, 
2-way, intermediate and occasionally a master switch 
of a superior size, in which case the building-up method 
of fixing becomes intolerable. 

Many prefer to use sunk boxes which have no 
tapped screw holes in the back and to support all the 
switches by their necks by means of a fixed screwed 
ring in the surface plate. The plate is held by four 
round-headed or countersunk and round-headed screws 
at the corners. If the rectangular box has four tapped 
corner holes the plate may be applied directly to the 
front, or a neat moulded hardwood block may be inter- 
posed. There is no tendency for a plate so fixed to 
slue round, and the neck fixture of the switches subjects 
their china bases to no mechanical stress. The free 
air space behind eliminates the risk of moisture creeping 
from the wall to the switch terminals. 

Where there is architectural objection to the corner 
screw heads, the neck method of suspending the switches 
can still be retained by the use of a strap of wrought 
iron or brass tapped to hold the switch necks. The 
strap rests in two recesses filed in the sides of the box 
and is held by two metal-thread screws into the back 
of the box. In this case surface switch rings may be 
dispensed with. Small holes only are bored in the plate, 
which exposes only the shoulders of the dolly handles. 


EARTHING OF BRANCH SWITCHES. 


The method of fixing flush switches just described 
earths them automatically and there is little doubt 
that it is now wise to make provision for the earthing 
of all branch switches, even those which are outwardly 
insulated. The internal insulation of switches must 
be improved to such an extent that we can afford to 


+ be more drastic about earthing. 


Certainly all branch switch covers and handles which 
are not effectually insulated, i.e. composed or covered 
with insulating material, should be effectively earthed. 
In many rooms the need for this precaution is not 
always apparent at the time of installation, but it is 
impossible to foretell what water, gas, bell or wireless 
connections added at a later date may materially alter 
the conditions. There is little doubt that it is pre- 
ferable to adopt the earthing method rather than 
depend entirely on outer insulation for protection. 
The latter may give shocks when damp, and covers 
may break or become detached. China covers never 
became popular for these reasons, and we have not 
had sufficient experience of the new materials used for 
the manufacture of insulating covers and handles to 
test their reliability over extended use. The smooth 
white-enamelled finish may in time not only get dirty 
but in losing its gloss by friction become slightly porous 
and so retentive of moisture. 

- In small houses it is often desirable that the switches 


should have locked covers, and this requirement calls for 


the metal earthed covers, as it is not easy to arrange 
for locking. the insulated type of switches, 
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- ELEcTRIC Toots FoR WIRING. 


The motor vehicle is now the accepted medium for 
the transport of labour, material and tools to installa- 
tions and eliminates the goods train, which is one of 
the chief objections to the use of conduits in outlying 

Pliers, the ‘‘ mouse,” the steel draw-wire, the exten- 
sion auger, the angle brace, the floor feather cutter 
and the target bench are the characteristic and familiar 
tools of the wireman, and there are useful electric 
additions to these for which facilities are not yet always 
available during the erection of houses. 

Tradesmen should be able to rely in future on the 
assistance of electrical energy during all building 
operations—even on housing schemes. 

Temporary connections supplied at an arranged rate, 
perhaps through a master meter, hasten the work in 
daylight, permit of progress in the dark morning hours, 
and serve to advertise the various firms concerned at 
night. Every “ Rawlplug ” hole, partition piercing, and 
chase in wall or joist could with advantage be made 
with an electric tool. 

Portable drills and tappers have now become necessi- 
ties for electrical installations in ferro-concrete buildings 
for boring and tapping. Two accessory attachments 
for these electrical drills are specially applicable to the 
wireman's work. The right-angle drilling attachment 
makes it possible to pierce joists and beams at points 
otherwise almost inaccessible. 1t is provided with 
right-angle gear pinions neatly boxed at the end of an 
adjustable torque arm which holds the boring bit at 
any desired angle. The other useful and comparatively 
novel attachment is a hole-boring bit which presents 
a flat, circular rotating surface to its work, The flat 
face of the tool is provided with a series of concentric 
grooves. Collar-shaped saw blades are provided which 
can be sprung into the groove of the particular diameter 
desired. This new and useful attachment is well 
adapted for the rapid cutting of holes up to a diameter 
of several inches in plaster or wood. 

Screwdriver bits are of value where there are many 
saddles to be fixed, and percussion attachments are now 
available for nail driving and “ jumping ”.of hard walls. 
So far as the author is aware, there is yet no reliable 
electric device available for the screwing of conduit, 
but saw bits in electric tools might prove time-savers 
on larger installations for the cutting of conduit 
lengths. | 

Flexible shafts on portable tools are not very satis- 
factory and, even if they are less troublesome, they 
have the drawback of placing the tool operator too far 
from his control. 

Where there are many wall channels or numerous 
joists to groove it is probable that more use will be 
made than hitherto of electric grinders or cutters. 
These with their small motors could readily be made 
with two bearings fitting spring-tight on a length of 
stout conduit. The conduit would be clamped between 
the floor and ceiling or wall and wall as required, and 
set parallel to wall, floor or ceiling. Thetool would cut 
the groove to the prearranged depth as it was pushed 
along the conduit. on 


Apart from the many applications of the small electric 
motor on buildings, there are other directions in which 
electricity may aid installation work. It would be 
extravagant to suggest that the wiring inspector should 
carry an X-ray outfit for the examination of concealed . 
work, in addition to his “ megger,” but the electric 
soldering iron is now so common that other forms of 
electric heat application must suggest themselves. 
Spot-welding, for instance, may displace many screw 
terminals at switches and the like, and be employed 
for bonding conduits and sheathing. 

Consider a building (larger than is properly within 
the scope of this paper) where there are many conduits 
laboriously tapped to iron ceiling beams. The con- 
tractors of the future may simply place these conduits 
in position, smear the joints with welding flux and 
switch on the current, and in a flash all the conduits 
will be securely welded into place. 


SELECTION AND COMPARISON OF SYSTEMS. 


Having in this Section briefly described and com- 
mented on the chief materials associated with modern | 
wiring, the author might with advantage set out his 
conclusions as to the comparative merits of the typical 
systems for the wiring of houses. It must be kept in 
view, however, that in the insulated, the lead-alloy 
and the screwed conduit systems, there are three types 
of wiring with distinct qualities which entitle all three 
to remain valuable agents for the conveyance of electrical 
energy. The final selection must depend on the con- 
ditions under which work is undertaken, and enduring 
installations can be attained by any one, or even by a © 
combination of any two, provided the planning and 
workmanship are good. 

The insulated system of wiring, here represented by 
the C.T.S. and Maconite systems, follows the early 
ideal, which was to keep the two conductors remote 
from “earth.” When there is no metallic continuity 
to be maintained, this system can be fitted more rapidly 
than any of the others. This is an outstanding merit 
at present, but it must not quite blind us to other 
aspects. The system is less fireproof than the others 
and, while it offers the greatest immunity from chemical 
attack, it appears to hold a middle place as regards 
resistance to mechanical injury. Although the sheathing 
is not selected for its high insulation properties, the 
system when fitted will provide with least effort the 
highest insulation test. 

In the author’s view it fails as an ideal system 
because the non-conducting sheathing links up a series 
of conducting accessories and appliances such as fittings, 
switches, joint boxes, fuse boards and the like. If al 
those necessary components were also covered by 
enduring insulation which was at the same time shock- 
proof and condensation-proof, then the underlying ideal 
of the insulated system might be attained. 

We know, as engineers, that there are dangerous 
possibilities in every unearthed fitting fed by an earthed 
supply. With an insulated system we may run a 
separate, bare earth wire around the entire installation 
or have an earth conductor embodied in a composite 
3- or 4-core cable. The first method is too crude and 
the second presents many practical difficulties for house 
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work. Both alternatives add to labour costs to an 
extent which almost cancels the chief recommendation 
of the system. Neither method affords complete pro- 
tection against the chance nail which reaches the live 
conductor only. 

The lead-alloy system if carefully fitted is a metallically 
continuous and earthed system, although the sheathing 
is not so good a conductor as screwed conduit. The 
lead-alloy cable cannot be passed behind lathing and 
beneath floors quite so freely as can C.T.S. or Maconite 
cables, on account of its more inert nature and the 
care necessary to avoid possibility of gas-pipe contacts. 
More consideration is required in handling the cable 
and in treating the ends at joints and the like. As 
usually fitted with wood blocks at switches and fittings 
the time required for installation is a little more than 
is necessary for the insulated class. 

Should one doubt the permanence, however, of set- 
screw bonds, especially on a vibratory a.c. supply, and 
decide to use soldered contacts or metal-packed glands 


The insulated and the lead-covered systems require 
at least three times as many fixture points as are 
necessary with conduit, and in the skeleton framework 
of a house in course of erection they must take longer 
routes for protection and their selection often involves 
much boring of joists. In such conditions conduit 
may run diagonally above or below joists from point 
to point without any cutting and consequent weakening 
of the joists or beams. 

When cast outlet boxes are used with lead-covered 
cable (B) and earth wires and boxes fitted with insulated 
cables (C) and (D), then at least 10 per cent must be 
added to the labour costs of erecting (B), (C) and (D). 
Such an addition has an effect of making lead-covered 
work more expensive than conduit for new houses and 
brings the cost of insulated systems very close to that 
ot conduit, and the author does not doubt that more 
protection and greater economy in the long run are 
afforded by the screwed-conduit installation. 

The joint and outlet boxes for all three systems are 


TABLE 2, 


Comparative Labour Costs Expressed in Percentages. 


New house ; 
Finished but Furnished house, access before floors 
unfurnished house occupied laid or lathing 
commen 
(A) Screwed steel conduit with outlet boxes at all fitting and 
switch points i 100 150 80 
(B) Lead-alloy wiring with wood blocks at outlets, clamp bonds 70 95 75 
(C) C.T.S. unprotected and with wood blocks at outlets . 50 60 55 
(D) Maconite, with channel protection where exposed. Wood 
blocks at outlets Sig 55 65 60 


and metal outlet boxes, then the cost of the system 
ceases to be attractive. 

When comparing systems, especially as regards costs, 
we must not fail to make sure that accessories included 
with one have an equivalent in the others. Thus if 
we include boxes at outlets with, say, a conduit system, 
we must allow for boxes at outlets for lead-covered 
work. For ordinary house work if the insulated systems 
are used there is apparently not so strong a call to fit 
outlet boxes for surface work. Their absence detracts 
somewhat from the facility of providing spare cable at 
ends and may increase the fire and damp hazards. 
With C.T.S., Maconite and other systems of their class, 
they are not required for ee ee is to say if we 
overlook the necessity of earthing. 

Screwed steel heavy-gauge conduit requires more 
labour to install in the average house than is the case 
with the more flexible systems, on account of the 
increased floor-lifting and wall-chasing and by reason 
of the necessary cutting, bending and screwing of 
lengths. 

Considering the case of a 10- to 5-roomed house we 
may take it that a fair comparison of the cost of labour 
based on general experience would be as shown in 
Table 2 | 


very similar in price. The costs of non-association 
C.T.S., Maconite and lead-alloy cables of twin 3/-029 
size are practically the same, while a similar length of 
$ in. screwed conduit with its couplings and a pair of 
3/:029 vulcanized-rubber cables is approximately 20 per 
cent cheaper. When we compare in the same way the 
cost of a # in. conduit with its five contained conductors 
against the same number of conductors in the semi- 
flexible systems, we find that the cost with conduit is 
approximately 50 per cent less. 

The author’s conclusion is that there is no advantage 
in adopting a wiring system other than screwed steel 
conduit for domestic work, except in cases where the 
installation has to be fitted in an occupied and finished 
house. House requirements are so varied that we 
shall never attain complete standardization of acces- 
sories. But if we can increase the demand for the 
best system with its complement of well-designed 
junction and outlet boxes, we shall by quantity pro- 
duction lessen its cost, and if the Institution, in view 
of standardized supply methods, lends its weight of 
opinion in favour of a continuous and earthed draw-in 
system, the resultant concentration on this manner of 
installation would, in the author’s opinion, be of advan- 
tage to the electrical industry and to the public. 
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Part 2. THE LAY-OUT oF WIRING IN SMALL HOUSES. 
INFLUENCE OF TARIFFS ON WIRING. 


This paper is not concerned with tariffs except in so 
far as these have an influence on interior distribution. 
Thus an annual charge based on the number of fixed 
lights or sockets would tend to restrict the quantity 
and increase the capacity of individual sockets or 
lampholders. It might also encourage the use of 
multiple plugs. These are not desirable tendencies, 
either for consumer or supplier. 

A charge for energy determined by the setting of the 
cut-out might involve circuits adapted for throw-over 
switch arrangements, complicates the wiring and would 
sometimes restrict the usefuiness of the installation. 

A method of charging which varies within time limits, 
say for cooking or water-heating, must also have its 
own characteristic effect in the planning of circuits. 
Methods which involve the use of a master meter and 
sub-meters as employed sometimes in tenements are 
reflected in the distribution. 

The tariff which includes or supplements an installa- 
tion hire-purchase might indicate a lay-out not too 
susceptible to extension and, incidentally, might lead 
to the adoption of qualities of insulating material and 
accessories which are tempered to last, but not neces- 
sarily outlast, the time-payment period. 

For the class of house which we are considering there 
are two main methods of charging :—(1) Through a 
single, simple integrating meter for both lighting and 
power, the tariff being two-part, ie. a certain pre- 
determined value is paid at one rate and the remainder 
for a period at a much lower rate, or there is a certain 
fixed period charge and a low unit charge; (2) the 
lighting and power are separately charged at separate 
rates on simple integrating meters. Method (2) is the 
natural and the original method of charging and appeals 
most to the established and substantial consumer. 
This class of consumer may be tempted to extend his 
demand by a scale of discounts for increased quantities 
consumed, Method (1), however, is an attractive and 
now popular method of charging. It encourages a 


‘consumer to extend the uses of his lighting installation 


and has proved remunerative in almost all districts in 
which it has been introduced. There is an economy 
in meters with this method, and in some cases an 
economy in wiring. In the author’s opinion some 
certain definite rules should be made for the circuit 
arrangements where this tariff is adopted, and the 
consumer should not be misled at the outset into 
thinking that any class of appliance may be connected 
at any convenient point. 

It has been stated in a Government Advisory Report 
dealing with domestic building and referring to this 


form of tariff that :—‘ If the wiring is of sufficient 


capacity only one set of wiring is necessary and any 
appliance can be operated at any connection point on 
the installation.”” This remark requires qualifications. 
The expressions “ appliance ” and “a set of wiring ” 


must be defined. The British public is using the 


electric radiator and cooker in increasing quantities 
and it is unfair to imperil the homes by connecting 


these substantial appliances to meagre wiring systems 
which were originally intended for a few 16-c.p. lamps 
and which are in many cases already overloaded and 
unsafe. 

In fairness to the Report, however, the paragraph 
was probably conceived before the coal strike had 
made 3-kW electric heaters popular in lower middle- 
class houses. 

Except in cases where it is evident that the use of 
electrical heating appliances will be very limited as 
regards both size and number, it is most desirable that 
even small houses contain two ‘‘ sets of wiring.” The 
two may of course converge at the main switch or at 
one meter when a two-part tariff is adopted. 

The Section of the paper dealing with “ Circuit 
arrangements ” treats this subject in greater detail. 


TENEMENT BUILDINGS. 


(a) Rising mains.—In many city districts the smaller 
and smallest houses are grouped in tenements with two 
or three houses opening off each landing. Practice 
varies with regard to the service mains for such houses. 
Often the service cables are brought in from the street 
to a position near the front entry and terminate in 
main service cut-outs at a point above the street door. 
From this service box, steel -conduits carry the mains 
right up the stairway, and ironclad sealed fuse boards 
or sealed junction boxes are provided on the several 
landings. Mains are conveyed into the houses on each 
floor, usually by horizontal conduits screwed into the 
fuse or terminal boxes. In a few cities the undertakers 
provide and fix these common indoor mains. In most 
districts this work is done by contractors for the owners 
or occupiers of the property. 

In Edinburgh the Corporation now carries the mains 
in conduit to an ironclad sealed fuse board placed on 
the second top landing, and the tenants or landlord 
provide mains and conduit connections to this point. 
In that city it is the exception rather than the rule for 
the consumers to have main cut-outs other than service 
cut-outs in their houses. In Glasgow, while main cables 
up stairways are fitted by contractors the Corporation 
Electricity Department provides standard cast-iron 
junction boxes 8 in. X 7 in. x 24 in. internally, fitted 
with screwed brass connectors mounted on slate. The 
contractor fits these boxes to the main conduit by 
means of lock nuts, and in that city it is the rule for 
the house main switches to be combined with cut-outs. 
These two examples of methods of feeding such houses 
are typical of present-day practice. 

If the buildings are old the conduits are almost 
invariably run on the surface. If they are new, these 
upright main conduits are usually placed close to the 
surface of brick or concrete without chasing, and as 
they are of a minimum diameter of 1 in. and are often 
2 in. they project for at least half their diameter from 
the finished plaster surface. There is, of course, plenty 
of precedent for this ugly projection of piping in 
common stairs, for it has been the usual gas practice 
for the past 60 years. In some of the newer houses 
built on the tenement system the common stair conduits 
are comparatively neat, as there are no gas mains to 
make complications. The electric light mains with their 
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sub-branches can often be arranged symmetrically in 
the form of a right-angled cross, but here again the 
amenities of a common stair are often spoiled by the 
irregular paths taken by conduits for the stair-lighting 
itself. A 

Scottish towns are mentioned because in Scotland the 
tenement style of small house is more frequently met 
with. In the larger English cities unmetered mains in 
common stairs are also almost invariably run in screwed 
conduit and these are not as a rule fitted by the under- 
takers. In Birmingham the city electrical engineer 
insists on the fitting of a distribution fuse board on each 
floor and prefers the meters to be placed in a special cup- 
board near by rather than in the premises of the consumer. 

Manchester provides three alternative methods for 
the arrangement of mains in buildings where there are 
numerous tenants :— 


(a) A main service system in which individual house 
mains are carried to the chief service, the meters 
being placed in each consumer's premises close 
beside his double-pole switch and cut-outs. 

(b) A sub-service system in which mains are run by 
the landlord from the entrance of the service 
to the various floors and there feed sealable 
distribution boxes. The sub-mains to each 
consumer are run in screwed conduit and again 
the meters are placed beside the consumer’s 
main switch. The distribution boxes on the 
mains are supplied and fixed by the Corporation. 

(c) A sub-meter system in which a master meter is 
placed at the chief service point and the various 
tenants are supplied through conveniently 
placed distribution boards. Each tenant has 
a sub-meter beside his double-pole switch and 
cut-outs and pays the landlord according to 
the reading of his sub-meter. The landlord has 
to account to the Corporation on the readings 
of the master meter only. 


The common stair lighting when installed by some 
supply undertakings is often inadequate and ugly in 
arrangement, but the owner and tenants who use these 
stairs have little power to protest. The stair-lighting 
cables from the service cut-outs are placed near the front 
entrance and are generally controlled by a time switch. 

Very rarely do we find, even in new buildings, a suit- 
able recess for the service cut-outs and time switch or a 
path provided for the concealment of main and stair- 
lighting conduits. 

In Glasgow the common stair system is “ earthed ” 
by a 7/:036 cable securely clamped to a water pipe in 
the attic. In that city the tank storage of water 
supply for houses is practically unknown, so that a 
good main water-pipe connection is readily obtained. 
In other districts the earthing is often dependent. on 
local connections in the various houses. The size of 
the common rising mains for an average tenement is 
of the order of 7/-064. 

When small houses are arranged in rows it is found 
convenient to run the main cables along under the eaves 
and branch into each house above the doorway. In 
village lighting where there is overhead distribution 
it is now usual t) carry the mains into the garret, these 
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often consisting of C.T.S. cable led through a swan- 
necked entry tube. 

(b) Flats. —The conduit bringing individual house 
mains from the sealed iron box on the landing 
generally passes into the lobby above the front-door 
level and immediately enters an iron box or the side 
of a recessed wood board near the fanlight of the door. 
This board carries the house main switch and in many 
cases the fuse board also. The meter is placed near by, 
generally on a board of different colour and fixed on 
insulators. Meter bights are left exposed and are 
sometimes of considerable length and the effect is 
untidy. It is the exception to find these appliances 
boxed in, and without much additional expense it 
should be possible more or less to standardize a sym- 
metrical group combination of main switch, meter and 
fuse board for small houses, which could be placed on 
one back board or fixed directly to the wall. 

The circuit wiring arrangements in flats or tenement 
houses do not differ materially from the arrangements 
adopted in cottages and bungalows. It is a necessary 
condition, however, of tenement wiring that it should be 
everywhere accessible from its own floor, i.e. one should 
not disturb one’s upper or nether neighbour when 
making an examination or altering the wiring. 

Concealed draw-in conduit systems should have all 
the junction and outlet boxes with their openings in 
the direction of the house. they are connected with. 
It has not been unknown in the past for the occupier 
of a flat to be deprived of some of his lights while his 
neighbour is away on holiday. 

When small occupied flats of 3 or 4 rooms in old 
buildings are being wired the conditions generally point 
to the adoption of a surface system, and a lead-covered 
system, or C.T.S. or other insulated compound system, 
is indicated. No doubt in such cases there is a tempta- 
tion to use a slip conduit system, as it can be so quickly 
erected with few fixtures. It requires painting immedi- 
ately to be tolerable and the process accentuates un- 
certainty of the bonding. 

The areas occupied by this kind of small occupied and 
individually owned tenement house provide the richest 
field for hire-purchase installations, and the lead-covered 
system offers itself as particularly suited to the work. 
It can be run on the surface, yet is unobtrusive ; it can 
be fairly effectively bonded and earthed if cast boxes 
are used, and tappings are not so readily invited .as is 
the case with the softer insulated systems. Where such 
houses are more or less honeycombed with used and 
disused gas pipes the lead-covered wire should be 
everywhere on the surface, except, of course, where 
passing through walls. 

The author has examined a number of municipal 
specifications for such small house wiring and noted 
that details for bonding the lead sheath were omitted. 
In some towns the use of a ceiling rose and insulated 
hooks for supplying more than one pendant is encouraged. 
This practice, while convenient and cheap for temporary 
use, has distinct dangers in houses where perhaps the 
tenants are not too careful. e 

For similar reasons also the. use of brackets where 
pendants or flange holders would serve is to be depre- 
ciated. The ordinary 6 in. commercial right-angle or 
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swan-neck bracket which consists of 4-in. tube tacked 
by solder into a small stamped back-plate very often 
does not survive the first careless replacing of a lamp, 
and its sharp metal edges are a source of danger. . 

The very smallest houses, consisting often of a single 
room with perhaps a scullery off, usually open on to 
a common corridor. The arrangement suggested here 
is to have an ironclad sealed service fuse board in the 
corridor and to lead a conduit along the ceiling of the 
passage with a universal box at each house doorway. 
Inside the house door may be placed a pair of small 
ironclad sealable Home Office cut-outs. These cut-outs 
may also constitute the main switch and are sometimes 
arranged in conjunction with a penny-in-the-slot meter. 


_ The installation may consist only of two pendants with key 


switches and a socket for iron or small 500-watt heater. 
In Glasgow such a socket is not provided with inde- 
pendent switch control but is specified to be of standard 
B.E.S.A. hand-shield pattern. Apart from the main 
motive of economy, experience has proved that there 
is more likelihood of trouble with a heater switch 
than with a heater socket and that if a consumer has 
once removed a plug connected with, say, a 2-kW 
radiator slowly from its socket, he will in future take 
care to disconnect the self-contained heater switches 
before removing or replacing the plug. 


PREVISION BY ARCHITECTS WHICH WOULD FACILITATE 
WIRING. 


It is odd, in view of the importance of artificial 
lighting, that architects as a rule make no preparation 
for its installation. 

It is a commonplace occurrence to find black meters, 
green service switches and cut-outs and straggling coiled 
cable-ends applied haphazard on the otherwise un- 
sullied surface of the vestibules or lobbies of small 
houses. It would not be difficult to provide a suitable 
recess or press for these inevitable but unsymmetrical 
fixtures in the modern home.- In the old-fashioned 
house one did not find the gas meter at the door. 

In small houses many, if not all, of the lighting, 
plug and switch positions can be predetermined, and 
the building structure itself could embody fixing boards 
and wiring channels. The wireman often has to remove 
door facings and skirting boards, cut through the tongues 
of flooring boards and generally do and undo much 


work which forethought would have saved. There are 


some simple provisions which would do much to facilitate 
installation and would save in the aggregate many 
thousands of pounds. 

In houses, for instance :— 


If only those particular brick walls which contained 
the apartment doorways had a plaster thickness of 
1 in., the channelling of brick work might be entirely 
obviated. In modern small houses where partition 
walls have the thickness of a single brick, it is desir- 
able to avoid even the most shallow grooving:as the 
touch of a chisel is sometimes sufficient to dislodge or 
loosen the bricks. | a 

At the fuse board position, if a tubeway space of 
4 in. wide by 14 in. deep were provided from beneath 
the lowest floor-level to the garret, it would save 


much time and shorten circuit-runs. In small houses 
this position is almost invariably best mside one of 
the main walls. The plaster strapping might be 
arranged to provide this upright uninterrupted channel, 
or suitable openings might be left for access to the 
air space which is now alinost standard architectural 
practice in small house construction. The free 
air space in main walls is common to both brick and 
concrete buildings and varies in width from 2% in. 
to6in. In the latter case there should be no objection 
to the presence of conduits, but in the narrower space 
care is necessary to avoid bridging the space with 
cables and accumulated debris, for, if the air space 
is blocked, moisture is apt to seep from the outer 
to the inner walls. If the best fuse board point is 
obviously on a partition wall it should not be difficult 
to provide a vertical boxed cable runway uninterrupted 
from beneath the floor to above the ceiling. If the 
door facings were designed to present a flat surface 
of 34 in. the fixing of switches would be greatly 
simplified. A prearranged check cut in the con- 
cealed door lintel or the overhanging projection of 
the lintel vertically above the switch position would 
be appreciated by the wireman. 

Skirting boards might be provided with a clear 
3 in. space behind and fixed without horizontal 
straps, then conduits or other conveyors could be 
inserted in a fraction of the time taken at present. 

Fireplace woodwork in some cases could be provided 
with rectangular holes about 2} in. x 5 in. for 
radiator and portable standard outlets, as the cutting 
of square or rectangular holes in woodwork after it 
is erected cannot be done to the best advantage. The 
recesses for portable sockets might be placed high 
up under the mantelshelf and preferably on the 
outer sides of the hollow upright members. For this 
purpose the projection of these columns from the wall 
would require to be about 34 in. The rectangular 
outlet for radiator socket would be placed near the 
floor and preferably on the fireplace side of the 
woodwork. It is a defect on many installations that 
radiator flexible cable has to pass loosely round the 
moulded mantelpiece base to a socket on the skirting 
board where it is liable to cutting or abrasion by 
the fender. If, before the ceiling were plastered, the 
architect would arrange for fixing-boards 6 in. x § in. 
being fixed to joists at suitable fitting points, many 
fittings would be more secure than they are at present. 
What is the use of the Institution specifying weights 
to be carried by flexible cords if the ceiling fixtures 
are dependent on the chance nail trembling on the 
edge of a broken lath ? . 


In making the foregoing observations and suggestions. 
the author’s view is that foresight and a comparatively 
small extra outlay at the earlier building stages would 
be more than recouped by the lessened cost of easier 


installation and would improve the efficiency, appearance 


and safety of the house. 


CIRCUIT ARRANGEMENTS. 
(a) General.—The selection of conduit sizes and paths, 


-choice of the proper dimensions and best disposition of 
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junction and draw boxes, are most important factors 
in the planning of branch wiring. Even in small houses 
there is much scope for the selection of alternative 
methods. 

Let us suppose that 100 experienced foremen are 
given the plans of a 10-roomed house on which the lamp, 
switch and socket points are indicated, and also that 
the size of conduit and circuit wire are specified and 
I.E.E. limitations of branch circuits kept to. Then it 
is safe also to assume that 100 distinct ways of wiring 
to the (say 40) lights would be produced. 

There would be equal variety of method and arrange- 
ment if the specified system were lead-alloy or insulation- 
sheathed. 

If these installation foremen proceed to wire 100 
similar houses in their own several ways then the practical 
results to the consumers may at first appear to be uniform, 
but differences will become evident when cut-outs begin 
to operate and when repairs or extensions are called 
for, and the distinction between good and bad planning 
will be accentuated by time. 

Apart from degrees of amenity in the varied arrange- 
ments, there will be some which detract from and others 
which add to the strength of the building and some 
which are more wasteful than others of material or. time 
during their installation. Prices would vary, for the 
planning of circuits to make a commercial success of 
a competitive tender is quite a different matter from 
arranging materials to give the most useful and lasting 
qualities to the installation. 

For normal lighting circuits the consideration of 
voltage-drop in cable can be neglected in small houses, 
and even in larger buildings that question is usually 
best solved by suitably adjusting the sizes of sub-mains, 
as it simplifies matters when a uniform size of cable can 
be adopted for the branch circuits. 

Thus cables of 3/-029 or 3/-036 have become practic- 
ally standard for ordinary lighting circuits, although 
for very cheap work 1/-044 is still used in some parts 
of England. With these sizes of cables it is found that 
# in. diameter conduit permits of a justifiable amount 
of looped wiring being used in almost all small house 
circuits. The question of whether looping or modified 
looping is to be adopted has an important bearing on 
conduit planning. 

It is sometimes possible so to install conduits that 
all cables may be drawn from switch boxes to light 
boxes throughout without the intervention of any 
junction or draw box. Such an arrangement is necessary 
in places where there are stone, rubber or tesselated 
floors, but it is not advisable invariably to loop all 
branch circuits. 

Consistent looping to lights and switches is specified 
by many consultants and architects who appear to have 
an exaggerated opinion of merits of the method. The 
practice may reduce the number of junctions in con- 
cealed boxes but it adds to the number of important 
junctions which are partially exposed to the atmosphere. 
Looping adds materially to the total length of wire 
used and increases very much the proportion which is 
uselessly alive. The entire circuit may be active when 
one lamp on a looped system is switched on, and it 
appears reasonable to argue that the life of the installa- 


tion will be.shortened if, firstly, we supply more cable to 
go wrong and, secondly, subject a greater proportion 
of cable and switch insulation to constant electrical 
stress. 

The difficulty of tracing faults also is increased by 
looping. One many have to disconnect every switch 
or fitting on the circuit before it is located, and it is 
precisely those hardened cable ends at switches and 
fittings that one would wish not to disturb if further 
breakdown is to be averted. 

There are many who use only circular 2-, 3- and 4-way 
“ universal ” boxes throughout, and with small boxes 
it is often more advisable to loop than to risk joints or 
connectors within the limits of their confined space. 
Again, with lead-alloy or rubber-compound cables, 
limited looping is often- to be preferred to the use of 
a multiplicity of tee or 4-way boxes. In new small 
houses where such a flexible system has been decided 
on, and even where the distance between light and 
switch outlets is short, it will often be found advisable 
to use single rather than the more familiar twin or 
triple cables, as the single form lends itself with less 
waste to looping. 

The intelligent use of 3-plate ceiling roses and third 
terminal switches materially economizes cable while 
retaining the apparent advantage of looping, which is 
primarily a means of providing easy access to cable 
ends. 

There are many other features, however, besides 
bunching of circuits, construction of building and the 
adoption of looping or modified looping, which affect 
the planning of circuits. The grouping of light points 
to avoid complete darkness in any room when a fuse 
blows, and the use of double-pole branch switches, 2-way 
and intermediate switches, are all familiar and obvious 
factors to be considered in the lay-out of wiring. 

The tree, or more properly the fir-tree, form of circuit 
with cut-outs in branch switches and ceiling roses 
is considered obsolete, but it may return in a modified 
form for circuits intended to carry both light and power. 
The most favoured modern circuit distribution is for the 
conduits or sheathed cables from each pair of cut-outs 
to emanate from a fuse board and supply lights and 
switches by means of a series of right-angled joint 
boxes. One cannot frame all-embracing laws with 
regard to circuit planning, and some prefer where 
practical to use that more truly umbelliferous lay-out 
in which the distribution-board principle is carried a 
step further into the sub-circuit. By this method a 
conduit from the fuse board carries the main sub-circuit 
feeders into a rectangular junction box, and conduits 
radiate thence to the lighting points, universal boxes 
being used for branches and the like. 

This central junction-box method makes extension 
easy and greatly facilitates the rapid tracing of a fault. 
It also permits the legitimate use of § in. conduit instead 
of ł in., and the smaller diameter is more readily dealt 
with in walls, etc. 

It is wise to arrange beforehand the principles on 
which circuits are to be installed, and in arriving at 
the best arrangement there is ample scope for ingenuity 
and skill acquired by experience in buildings. Building 
plans are often misleading and the best conduit runs 
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cannot always be selected until one sees the structure. 
So the careful installer about to commence on, say, the 
repetitive work of a building scheme will try alternative 
circuit arrangements on the’ first two or three houses 


_and adopt those which ensure the results he is aiming at. 


With materials specified and labour at standard prices 
it is often only on the circuit planning that one contractor 
differs from another, and it is unfortunate for the pro- 
gress and prestige of electricity that the system of com- 
petitive tenders practically ensures the selection of 
short-cut methods. f 

Of course the above remark is not intended to debar 
or discount legitimate means of reducing installation 
costs in small houses. In some of these there is no 
circuit planning worth the name. Thus a 2-apartment 
house which is fully occupied may not actually need any 
branch switches. But even here the luxury of a switch 
at the bedside would be appreciated and can be economic- 
ally provided with the maximum safety to the operator 
by means of one of the excellent tamper-proof cord 
ceiling switches which are now available. 

(b) Heater circuits.—As a general rule distinct fuse 
boards should be used for lighting and heating, even 
if the tariff is for a combined rate, and the lighting 
and heating plugs should not, in the author’s opinion, be 
interchangeable. 

If the sockets and switches are uniform they are either 
too clumsy for portable lamps or too small even for 
1-kW radiators. The extreme safe working limit for 
a 5-ampere single-pole switch is 600 watts on a 230-volt 
supply, and even under this loading there is some risk 
of arcing on slow-make switches or burning on quick 
make-and-break switches, for the latter generally have 
very light, springy contacts which heat on sustained 
load. 

Heating appliances, even irons, should not be attached 
to lampholders. The 1.E.E. Wiring Regulation with 
regard to the lamp adaptors allows quite a generous 
maximum limit of 2 amperes, and this should never 
be exceeded. Our standard bayonet lampholders will 
not carry currents which are comparatively safe on 
American screw lampholders, and it is well that we 
should be deterred from the United States practice of 
attaching all kinds of appliances to lampholders. 

It will be a long time before we can enforce a rule 
which will ensure the earthing of all pendant lamp- 
holders. In the meantime any risks due to their un- 
earthed condition are greatly minimized when they are 
retained for their designed purpose and support lamps 
well clear of all earthed metalwork. If we remove 
the lamps and extend the cords by adaptors we introduce 
not only risks of overloading but also risks of shock 
and breakdown due to, mechanical stress on flexible 
cords and terminals. Consumers ought to be better 
informed against misuse of lighting circuits for heating 
and power purposes. Here they may ignorantly 
transgress the reasonable rating limits of sub-circuits 
as set out in I.E.E. Wiring Regulation 95, which are 
6 amperes for 10 points, 8 amperes for 6 points, 10 
amperes for 4 points, and 20 amperes for 2 points. 

This Regulation also states that when the fusing 
current of the sub-circuit fuse exceeds 7 amperes the 
smallest cable or flexible cord on any part of such 


- houses. 


circuit must be capable of carrying continuously a 
current equal to one-half of the fusing current. 

It is evident from consideration of this Regulation 
that the conscientious planning of circuit wiring to suit 
combined lighting and heating introduces undesirable 
complications, as the most careful arrangements may 
be upset by the consumer who buys a heater from an 
ironmonger or showroom and connects it himself. 

It is found in domestic work that 5-ampere lighting 
circuits and 15-ampere heating circuits are useful, 
practical and safe limits for general adoption. The 
plugs, if of B.E.S.A. gauge, are not interchangeable 
and cannot make accidental contact if presented to the 
wrong type of socket. The use of 3-pin plugs should be 
encouraged, and British makers should arrange that all 
their appliances have internal insulation suitable for an 
earthed condition of the exposed metal parts and provide 
earthing terminals thereon. 

It is good practice to provide separate circuits for 
each heater outlet, and sometimes two or three circuits 
for a special piece of apparatus such as a cooker or water 
heater. 

For cookers or boilers taking, say, from 4 000 to 7 000 
watts it is generally best to provide distinct sub-mains 
and cut-outs, such cut-outs in the case of cookers 
being extended in numbers to include kettle and iron 
controls. Within the past two or three years we have 
had examples of small houses advertised as all-electric 
Everything within these houses has been 
very neat and clean, but one feels generally that there 
is far too much flexible cord lying around and that the 
electrical engineer is a timid being who provides before- 
hand for the removal of all the appliances he fits. Why, 
for instance, should radiators, washers, towel rails, driers, 
refrigerators and many other fixed-position appliances 
not be connected up as terminal wiring points instead 
of being fed by flexible cables through sockets and 
plugs ? 

(c) All-electric houses.—In practice it is not difficult to 
decide on sound circuit arrangements on normal lines 
for houses of four rooms and under, and there is much 
evidence of the growing popularity of the smallest 
type of all-electric flat or bungalow. 

When we approach the problem of the best disposition 
of heating circuits in houses of 8 to 10 rooms and larger 
we find that there may be difficulties introduced by the 
need of balancing the service, and that a complete 
equipment of sockets demands many circuits if we 
keep strictly to central fuse board distribution. 

Taking a prominent example of an all-electric house 
which has been described to the Institution * we find 
in the 10-roomed house of Prof. Parker Smith that 
there are 31 separately-fed heating circuits and 5 for 
cooking and hot water, besides 4 lighting circuits which 
are also adapted for minor heaters and the like; a 
total of 40 circuits, all with 15-ampere fuses, with 
the exception of two—which are rated at 30 amperes. 
This seems excessive even for a very complete electric 
house. The total capacity of the circuits is 630 amperes, 
although the entire installation is controlled by one 
50-ampere main switch. 


* S. P. Suitx: “An All-Electric House,” Journal 7.E.E., 1926, vol. 64, 
p. 289. 
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The present author recently instituted a wiring 
competition based on the plans of the E.D.A.—E.L.M.A. 
prize house which, like Prof, Parker Smith’s house, is 
liberally provided with convenient electrical appliances. 
He noted that the majority of the competitors considered 
16 ways desirable on the fuse board supplying all the 
appliances apart from lamps. Even that number of 
separate pairs of cables led from a fuse board to the 
power sockets in a 10-roomed house is a considerable 
item in wiring and leads the author to suggest that in 
such cases of completely electrically equipped houses 
it might be advantageous to feed all, or groups of, 
power sockets by ring circuits with cut-outs at or in 
each socket. In many cases a common ring supply for 
7 or 8 outlet points which are at present supplied by 
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tractor may cost two or three times the amount of the 
lowest offer, will provide the longest and most useful 
service to the consumer, and may well yield eighty- 
to a hundred-fold more revenue to the supplier. 

Much harm has been done to the industry by the 
custom of quoting for wiring at a rate per point, as it * 
has encouraged inefficient and unsatisfactory work. 
It would be much better to train architects and con- 
sumers to think of electrical installations in terms of 
a percentage cost on the building. 

In houses which range in price from £2 000 down to 
£300 it would be fair to estimate that the proper cost of 
wiring varies from 5 to 10 per cent of the building value, 
according to the heating and other facilities provided. 

It is difficult to give figures for complete equipment 
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Fic. 1.—Combined-rate installations. 


L indicates 5-amp. sockets taken from lighting fuse-board. 
H indicates 15-amp. sockets taken from power fuse-board, 


individual 7/-029 cables could be efficiently served by 
a much shorter length of 7/-044 cable. 


Cost OF WIRING. 


(a) General.—Many are of the opinion that the first 
‘cost of an installation is the chief deterrent to the rapid 
‘spread of electrical demand, and the popularity of so 
called free-wiring and hire-purchase schemes supports 
this view. But as the public grow to realize the extent 
‘of the services of electricity the barrier of initial cost will 
become less important. Those who cavil at or belittle the 


‘wiring costs are generally anxious to obtain immediate | 


profits from the sale of energy, fittings or other appli- 
ances and they do not realize that cheap and meagre 
installations are too often hardly worth the expense 
of service. Such installations are inelastic and remain 
comparatively unfruitful to the electrical industry 
during the few years they last. 

A sound, well-planned installation fitted with fore- 
thought for future requirements by a registered con- 


in percentage estimates, as a consumer, say, in a 3-roomed 
house may, and often does, buy a parlour fitting at a 
larger figure than has been paid for the entire wiring, 
while the owner of a 6-roomed house may have a re- 
frigerator or other appliance which his neighbour thinks 
he could not afford and so would not count the cost in 
his prospective equipment. 

Fig. 1. shows the plans of two semi-detached villas 
each of the present-day value of £1 400. 

The house X on the left has the kind of lighting 
installation hitherto common. It will be evident from 
particulars of the distribution that it is incapable 
of extension without drastic rearrangement—except, 
perhaps, for a bowl fire or two. 

The cost of such an installation would be, say, 2) per 
cent of the price of the house. The house on the right 
(Y) is arranged to give all-electric service on a combined 
rate. It has many more lamp points, thus affording 
greater facilities for economies in use, and is wired to 
provide for radiators, cooking, ironing, washing, water- 
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heating and a hundred and one labour-saving appliances 
without additional outlay for wiring. 

The cost of wiring house Y with the same class of 
conduit and accessories as X is about 74 per cent of 
the price of the house. Additional lights in cellars and 
added conveniences in the matter of 2-way switch 
controls would raise the first cost to 10 per cent. 

(b) Steel-house wiving—As an example of legitimate 
minimum costs for wiring work it would be difficult 
to beat the arrangements as standardized for one of 
the types of Weir steel house. Mr. R. W. S. Mackay of 


in a factory, transport them to the various sites and 
erect them there. 

With regard to the electric lighting installations, the 
scheme involved considerable expense, for electrical . 
staffs had to be sent to different sites in various parts 
of the country to carry through erections. 

It was then decided to cut down as far as possible 
the amount of electrical work to be done on site, and 
to arrange a method whereby practically all wiring work 
would leave the factory as nearly complete as possible. 
As earthing points are everywhere available on a steel 


TABLE 3. 


Distribution of Electric Lighting in House X. Common Arrangement. 


Position 


Vestibule 1 
Hall .. I 
Cloaks 1 
Parlour 1 
Parlour (at fire) 1 
Living-room .. 1 
Living-room (at fire) 1 
Kitchen : A 1 
Kitchen (wall) 1 
Passage ae dct a ae 1 
Lounge sis ae ete si p 1 
Stair landing 1 
Front bedroom 1 
Front bedroom (at bed) 1 
Store .. see 1 
Bathroom 1 
Linen press .. 1 
Back bedroom A .. 1 
Back bedroom A (at bed)... 1 

sti 1 


= Back bedroom B 


Type Jan: Eek Switches 
Ceiling fitting 1 1 1 door 
Ceiling fitting 1 1 1 door 
Ceiling fitting 1 1 1 door 
Ceiling fitting 1 1 1 door 
Socket 1 1 1 on 
Ceiling fitting 1 1 1 door 
Socket 1 1 1 on 
Ceiling fitting 1 1 1 door 
Socket 1 1 1 on 
Ceiling fitting 1 1 1 door 
Ceiling fitting 1 1 1 door 
Ceiling fitting 1 1 2, 2-way 
Ceiling fitting 1 1 1 door 
Socket 1 1 1 on 
Pendant 1 1 1 door 
Pendant 1 1 1 door 
Pendant 1 1 1 door 
Pendant 1 1 1 door 
Socket 1 1 l on 
Pendant 1 1 1 door 

20 19, l-way 
2, 2-way 


Total e si wih ae 20 


20 lighting points, of which 4 are sockets. 


3-way, 5-ampere fuse board controlled by 15-ampere double-pole switch. 


Glasgow designed this original method of wiring and 
the author is indebted to him for the particulars. 

The Weir scheme of housing had two main features 
which were briefly :— 

(1) To standardize a limited number of designs and 
special methods of construction of working-class houses, 
to enable mass-production methods to be utilized for 
cheapness and rapidity of erection. 

(2) So to design the component parts of the structures 
that they could be easily manufactured and erected by 
unemployed ordinary workmen (plumbing and electrical 
work excepted). 

In short the scheme was to build these houses in parts 


house an insulated system was indicated. Maconite 
cable was adopted; this was measured and cut in 
the factory and fixed on straps of wood about 16 ft. 
x 44 in. x ¿ in. by means of wooden buttons. These 


straps, when in position, formed the '* H ” arrangement 


shown in Fig. 2. Suitable joint or junction boxes were 
fixed on each strap, and cables were connected as shown. 
The loose ends of cables intended for ceiling points, 
switch points and socket points were coiled and fixed 
with cord to wooden straps. | 

The transport of these straps, completely wired, 
was an exceedingly simple: matter, and all that was 
required of the electrician on site was about two hours? 
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TABLE 4. 


Distribution of Electric Lighting in House Y. AU-Electric. 


Minor Heat and Power Appliances úsed'on Lighting Circuits. 


Position 


Vestibule 
Hall 
Lounge 
Lounge 
Cloaks 
Cloaks 
Parlour 
Parlour (at fire) 
Parlour (on skirting) 
Living-room 
Living-room (at fire) 
Living-room (on skirting) .. 
Kitchen ; ws 
Kitchen (wall) 
Passage 
Back door 
Stair landing 
Front bedroom ; 
Front bedroom (at bed) 
Front bedroom (at fire) 
Front bedroom (at windows) 
Store .. 
Bathroom .. 
Bathroom (at rail) . 
Linen press .. 
Back bedroom A .. ‘ 
Back bedroom A (at bed) 
Back bedroom A (at ats 
Back bedroom B .. 
Back bedroom B (at fire) 
Back bedroom B (at bed) 
Back bedroom B vi oe 
Wardrobe ; 
Outside 


Total 


4 


Number of 


fittings 
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39 lighting points, of which 21 are sockets. 


6-way, 15-ampere fuse board controlled by 30-ampere double-pole switch, 


Parlour 
Living-room .. 
Kitchen 
Bedrooms 
Water-heater .. 


Total 


Kitchen 


One 60-ampere double-pole switch guto both heating and cooking. 


Bowl 


Socket, 5-amp. 
Socket, 5-amp. 


Pendant 
Electrolier 


Socket, 5-amp. 
Socket, 5-amp. 
- Electrolier 

Socket, 5-amp. 
Socket, 5-amp. 


Ceiling fitting 


Socket, 5-amp. 


Pendant 
Bracket 
Pendant 
Counterweight 


Socket, 5-amp. 
Socket, 5-amp. 
Socket, 5-amp. 


Pendant 
Pendant . 


Socket, 5-amp. 


Counterweight 
Pendant 


Socket, 5-amp. 
Socket, 5-amp. 


Bowl 


Socket, 5-amp. 
Socket, 5-amp. 
Socket, 5-amp. 


Pendant 
Bracket 


Heating. 


, 15-ampere outlet 
, 15-ampere outlet 


, 15-ampere outlets | 


1 
1 
1, 15-ampere outlet 
3 
] 


, 15-ampere outlet 


7, 15-ampere outlets supplied by ee board. 


Cooker. 


Switches 


1 door 


1, 20-ampcre circuit from main switch to sub-board ae cooker, 


Local 30-ampere double-pole switch at cooker. 


time to finish the installation by connecting ceiling roses 
and switches, main switch, cut-outs and fuse board, after 
the straps were placed in position. The lower part of 
Fig. 3 indicates how well the wooden framework carried 
all the essentials of the little installation. 
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his work is concealed that character as well as good 
craftsmanship is required. 

Many Corporations have grown lax in making tests or 
examinations even of new installations. In any case, 
now that municipalities and supply undertakings install 


To scullery g 
switch -£ 
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YTobedroom switch 


Fic. 2.—Arrangement showing wiring fitted on wooden straps. 


The cost of all material was as follows :— 


S 

Main switch and cut-outs .. se ae 6 

2-way distribution fuse board .. T 8 

50 ft. wood strap 44 in. x ĝin. .. 5 
100 yards 3/-029 Se te cable, 

single-core an i . 1 9 

3 junction boxes $i vi ‘Ss 3 

6 ceiling roses ‘ sa ee i 2 

3 

7 

2 


op 


6 cord-grip lampholders 
5, 5-amp. tumbler switches 
1, 5-amp. socket and plug.. ; 
Wooden capping for cable, screws and 
nails es 4 0 
Recessed blocks for ‘switches and Screws 1 6 


Total . £3 13 7 


Or OO WwW O 


Labour costs involved in fixing the tough-rubber 
cable by means of wood capping on wooden straps at 
housing factory amounted to 4s. 6d. (2 hours at 2s. 3d. 
per hour). 

The labour costs in fixing straps in position on site 
and connecting and fitting up switches and ceiling 
roses also amounted to 4s. 6d., making a total of 9s. 

The whole installation therefore cost £4 2s. 7d. 
Adding to this 20 per cent for overhead and oncost 
burdens, brings the figure to about £5 per house. 


TESTS AND INSPECTION. 


It will be noted that even in the strictly limited cases 
where it is possible to standardize wiring, as in steel 
houses, it has been found necessary to employ skilled 
labour for erection. More than enough has been said 
in the course of this paper to indicate that normal 
wiring work constantly calls for the exercise of selective 
skill, and this is best attained by the wireman who has 
gone through a proper apprenticeship. So much of 
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wiring in competition with private firms, it is most 
desirable that the inspecting authority should be neutral. 


Bathroom 
light 


~~ fen” 


5-amp. switch 


2-way fuse board 


1S-amp, main 
5 amp main 


Fic. 3.—Weir steel house (Cathcart type). 


(a) Position of lights, etc. 
(b) Diagrammatic arrangement showing two main circuits. 


Almost the only safeguard the public has in the mean- 
time is in the employment of contractors on the National 


Register, who in turn retain a trained staff. 
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The author is one of many who would welcome the 
foundation of a body of trained and certified wiring 
inspectors with powers to visit, test and inspect old as 
well as new installations. Their reports would in time 
help to unify approved methods of wiring. Isolated 
insurance surveyors are of little service for this purpose 
as they belong to individual companies who have 
rivals willing to take risks. ‘The insurance companies, 


combined with the Institution of Electrical Engineers 
and the National Register of Installation Contractors, 
could, with advantage, found, train and control such an 
independent body. Inspectors acting with authority 


| would improve the wiring industry and further. the 


adoption of national rather than local rules. 


[The discussion on this paper will be found on page 
748.] 
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SUMMARY. 
The applications of electricity in the home are surveyed, 
and a general review of the subject is presented. The 
paper is divided into the following sections :— 
(1) Lighting. 
(2) Heating. 
(3) Water heating. 
(4) Cooking. 
(5) Refrigeration. 
(6) Tariffs. 
(7) Comparative costs of building. 
(8) Conclusions. 


INTRODUCTION. 


The domestic load in this country has been growing 
steadily for a number of years, but recently its growth 
has been quite pronounced. This is due, amongst 
other things, to the progressive policy and propaganda 
work of the electrical industry as a whole and the 
attractive tariffs and hire schemes for apparatus offered 
by up-to-date supply undertakings. 

The time is rapidly approaching when the demand 
will be ahead of the supply, and the authors have 
therefore endeavoured to compile some information on 
the subject which, it is hoped, will be of use to supply 
undertakings, manufacturers and contractors alike. 

The rapid expansion in the application of electricity 
to domestic uses shows very clearly that the problem 
of labour-saving has suddenly emerged from its isolated 
place in the factory and is asserting itself in the home, 
where such a large proportion of the world’s work is 
done. 

Since the introduction of the various uses of electricity 
into the home usually takes place by degrees, and not as 
a complete all-electric installation, it has been thought 
advisable to consider each application: separately. 


(1) LIGHTING. 


The authors make no excuse for including this subject 
within the scope of the paper. With the efforts being 
made at present to encourage the more extensive use of 
electricity for heating, cooking and other domestic 


purposes, there is a great tendency to overlook the ' 


important part that lighting plays in the home. The 
lighting load is usually left to look after itself. Some 
supply engineers, with visions of sudden and acute 
peak loads, even regard it as a necessary evil. It must 
not be forgotten, however, that the average supply 
undertaking obtains practically half of its revenue from 
the sale of energy for lighting purposes. When it is 
remembered that well over 9 million homes in this 


country use forms of artificial illumination other than | 


electric light, it will be realized that the electrical 


industry in all its branches has considerable leeway to 
make up to remedy this state of affairs. Also, a well- 
planned lighting installation i is often the means of intro- 
ducing the various other uses of electricity into the 
home. 

It is not generally recognized how much one depends 
upon artificial lighting in order to enjoy the benefits 
and comforts of a modern home. Of the time occu- 
pied throughout the year in leisure and recreation at 
home after the day’s work is ended, more than 50 per 
cent is spent under artificial lighting conditions. Most 
householders take their electric lighting for granted, 
when really it is a great achievement; and in not using 
it to their fullest advantage they neglect to make the 
home as beautiful and comfortable as it might well be. 
There is no need to stress the convenience, economy, 
simplicity, safety and cleanliness, of electricity over 
other forms of illumination, but two other attributes, 
namely, its ease of control and its useas an artistic decora- 
tion, are by no means sufficiently exploited. The ability 
to switch a light on or off at any distance from more 
than one point is a great convenience, which could be 
much extended. Electric lamps are relatively cool, but 
the possibilities of artistic shading are not realized by 
the average consumer. The objection often put forward 
against artistic lighting is not that the running costs 
are excessive, but that the capital outlay on the neces- 
sary fittings and shades does not justify their use. 
Since the method of lighting adopted can make or 
mar the appearance of a house, the amount spent on 
artistic lighting should be considered as a legitimate 
furnishing expense, and usually is insignificant when 
compared with the total sum expended on furnishing 
and decoration. A consumer usually considers his 
quarter’s bill from the point of view of payment for 
current used, irrespective of what advantages in terms 
of light have been received. Often in an otherwise up- 
to-date home the method of lighting is most crude 
and savours more of the Middle Ages than of the twen- 
tieth century. Supply rates for lighting being compara- 
tively cheap nowadays, not only should efforts be made 
to aim at maximum efficiency and service, but also a 
high standard of lighting should be the rule. In this 
connection householders require education concerning 
the proper use of light. It must, however, be con- 
fessed that many contractors and supply undertakings, 
who should carry out such propaganda work, also have 
much to learn in this direction. 

Home-owners appear either to be unaware of, or not 
to take advantage of, the many excellent lighting appli- 
ances which are on the market to-day at quite reason- 
able prices. Thus, one often sees in houses old gas 
fittings, which originally were installed for bare-flame 
burning and were then converted for use with both 
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upright and inverted incandescent mantles, now doing 
duty with electric light. In many cases shades and 
fittings designed for carbon-filament lamps still function 
with modern high-power vacuum and gas-filled lamps. 
Such a method of lighting in a room results in either 
insufficient light or glare, sometimes both. Not only 
are these effects bad for the eyesight, but glare, in 
particular, spoils an otherwise well-decorated room, 
besides producing harsh shadows. 

The lighting of a home cannot be treated on purely 
scientific lines, as the lighting of a factory can be 
treated. Yet the combination of a few fundamental 
principles with personal taste is all that is required to 
obtain an effective lighting installation. Scientific 
knowledge cannot be applied to the home unless careful 
discrimination is exercised. Utility should come first, 
and then beauty in fittings, which should control and 
transform “raw” light~into decorative illumination. 
The light should be diffused and not glaring, the lamps 
being adequately .shaded or concealed. It is a good 
general rule always to use sprayed or frosted lamps in 
fittings which are not equipped with a diffusing shade 
and where the bulb of the lamp is visible to the eye. 
When silk or similar semi-transparent material forms 
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Fic. 1.—Depreciation of lighting systems due to dust. 


the shade, a frosted lamp gives a much better effect 
than the plain lamp, in which the filament is usually 
very distinctly seen. 

The brief survey of this subject will not allow a 
detailed description to be given of the various types of 
fittings and shades for lighting the different rooms in a 
home, the choice of which depends upon personal taste 
and surroundings. Where one person would install a 
silk-shaded pendant, another might prefer a bowl 
fitting. 

An important point that is often overlooked is the 
necessity for regularly cleaning fittings, reflectors and 
lamps, if maximum efficiency is to be achieved. The 
dusting of furniture is an ordinary matter of daily 
domestic routine, but for some unknown reason a lighting 
fitting is rarely touched, unless for purposes of adjust- 
ment or lamp replacements. Few people realize the 
amount of light that is absorbed by dust and dirt; 
particularly is this so with open bowl fittings. The 
curves in Fig. 1 indicate very clearly the effect of dust 
on different types of fittings, and also demonstrate the 
advantage in this matter of a totally enclosed glass 
fitting over an ordinary open bowl. 

In addition to the main central fitting in a room, it is 
an advantage to install local lights at those positions 


where occupations are performed in close proximity 
to a wall, for example, at the cooker, sink, shaving 
mirror, wash basin, etc. 

Bracket lights with coloured shades fixed to the 
walls, although contributing very little to the general 
illumination of a room, give a restful, most charming 
and decorative effect. 

Portable table and standard lamps fed from plug- 
sockets lose. much of their adaptability if few plug 
connections are provided. The final touch in a well- 
lighted and decorated room is often obtained by means 
of such lights; and if, as is usually the case, one plug- 
socket only is installed, the position of the lamp cannot 


be changed without the consequent inconvenience and 


danger of a long flexible cord trailing about the room. 


Percentage of normal lumens_ 


60 80 100 
Percentage of normal voltage 


Fic, 2.—Voltage/lumens characteristic. 


In order to obtain the full benefits and convenience 
of lighting, the provision of numerous plug-points is 
essential—there should be at least two in every room. 
Plug-points also serve the useful purpose of providing 
a convenient connection for small portable domestic 
appliances such as toasters, kettles, vacuum cleaners, 
etc., particularly if a two-part tariff is in operation. 

The disposition of fixed lighting points is sometimes 
very inconvenient. Take, for example, a bedroom. A 
light is provided in the centre of the room for general 
illumination, and another is installed at the window for 
use at the dressing table. If, for any reason, it is 
desired at a later date to move this piece of furniture 
to a fresh position in the room, the latter fitting, besides 


looking incongruous, will be of little use for the purpose 


for which it was originally provided. . Such a difficulty 
can be overcome by having bracket lights fixed to the 
dressing table itself, with a flexible connection to a 
neighbouring plug-socket. 

Psychologists state that few people realize the extent 
to which colour affects their behaviour and well-being. 
Hitherto coloured light has been rarely utilized in the 
home, but with a little care there is plenty of scope for 
ingenuity in this direction. It must be borne in mind, 
however, that coloured lamps for the same candle-power 
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as ordinary lamps consume more current, owing to the 
absorption of the undesired coloured rays. Also, 
considerable attention must be given to the possible 
alteration in the colour of objects under such light. 

There is very little use for the daylight lamp in the 
domestic sphere, because the light emitted from such 
a lamp creates rather a cold effect on its surroundings. 
Nevertheless, when used in the form of a portable table 
lamp, it is a considerable advantage to the housewife 
engaged in needlework involving accurate colour- 
matching. 

In order to prolong the life of lamps some people 
under-run them, i.e. run them at less than their rated 
voltage. That this is a mistaken policy is clearly shown 
by the curve in Fig. 2. It will be seen that a 10 per cent 
reduction in voltage causes a 33 per cent decrease in 
the candle-power of the lamp. This means that for 
the same output of light, a lamp would be required of 
a higher power, and at greater cost, than is necessary if 
run at its rated voltage. l 

The size and number of lamps for the various rooms 
obviously depend upon a number of factors, including 
personal taste. A room with light wallpaper, of 
course, requires less candle-power than a similar one 
in which the decorations are dark. The data given in 
Table 1 are based on good lighting practice. 


TABLE Il. 


Location Lighting requirements 


Hall.. ae .. .. {Not less than 4 watt per 
sq. ft. oí floor area 

Drawing-room 
(a) Medium colourings ..| 4 to % watt per sq. ft. of 
floor area 

1 watt per sq. ft. of floor 


area 


(b) Dark walls .. 


Dining-room 
(a) Semi-indirect andjNot less than 1 watt per 


direct fittings sq. ft. of floor area 
(b) 3-light dining-table | Three 40-watt white lamps 
pendants 
Bedroom 


(a) General lighting 60-100-watt lamp - 
(b) Bed brackets, table | 40-60-watt white lamps 
standards and dress- 
ing-table biackets 
Kitchen g ..| 2 watt per sq. ft. of floor 
area 
. . 13 watt per sq. ft. of floor 
area; 40 watts minimum 


Bathroom .. 


(2) HEATING. 


The constant striving for efficiency, which is so pro- 
nounced a feature of modern industry, is an indication 
that waste of labour is recognized to be one of the 
greatest neutralizers of profits. 

The heating of houses by old-fashioned methods 
accounts for a very large amount of lost labour. This 
is obvious where open fireplaces are in use, necessitating 


the constant handling of coal in small quantities, the 
lighting of fires, the removal of ashes, etc. Taking 
representative laboratory test figures, about 8 lb. of coal 
would be consumed in the average household fire grate 
during the first hour, and about 24 Ib. of coal would be 
required to keep the fire going during each succeeding 
hour. Taking coal at 44s. per ton, or d. per lb., the 
total consumption and cost, hour by hour, are for the 
first hour 8 lb. and 2d., for the second hour 104 lb. and, 
say, 24d., for the third hour 13 lb. and 34d., and so 
on. It must be borne in mind, however, that a coal 
fire takes a considerable time to warm up a room, 
it being usually necessary to light the fire an hour or 
more before the room is to be occupied. When, how- 
ever, an electric radiator is used it is not necessary 
to switch on some time beforehand, as radiant heat is 
available a few seconds after switching on. 

On the above basis an electric fire, with electricity at 
1d. per unit, can, and does, compare favourably in cost 
with the open coal fire, particularly so when the period 
of artificial heating does not exceed 3 to 4 hours. Using 
a 2-kW electric fire, with 2- or 3-heat control, 3 hours’ 
use of the room would cost about 4d. in each case, 
while at any intermediate period the advantage is on 
the side of the electrical method. The comparison is, 
of course, based on theoretical considerations, and local 
conditions would probably tend to modify the results 
in favour of coal on the one hand and electricity on 
the other. A lower basic price in the case of elec- 
tricity would make a very marked difference, more so 
than the variation of a few shillings in the price of 
coal. Allowance is very rarely made in the case of 
electric heating for the convenience in operation, the 
absence of lighting materials, and the handling of fuel 
and ashes, with their consequent dust and dirt. In 
order to make a fair comparison between the two methods 
such items represented in terms of money should be 
put to the credit of the electrical method. If such an 
allowance is made in those cases where the cost of 
energy for electrical heating exceeds the fuel costs of 
the coal fire, in numerous instances the former method 
will be shown to compete favourably with the latter. 

The heat requirements of the different rooms of a 
residence depend upon so many variables that it is 
not possible to generalize. They also depend upon the 
particular system of heating adopted, the size and 
number of windows, the construction of floors, the 
number of people using the room, the number of air 
changes, and furnishings, etc. A rough-and-ready rule 
for calculating the amount of heat required, however, 
is to allow 14 to 2 watts per cubic foot of space for 
sitting-rooms, and half this amount for bedrooms, etc. 
This will give a margin to enable the temperature to be 
quickly raised. 

Rooms are heated either indirectly by radiant heat 
or directly by air warming, i.e. convected heat, although 
with both methods each kind of heat transference takes 
place and it is simply the preponderance of the one 
kind over the other which gives the system its name. 
The heating of rooms is carried out electrically by 
means of either high-temperature radiating sources, 
such as the ordinary electric fire and luminous radiator, 
or low-temperature radiators such as tubular heaters, 


738 


heating panels and hot-water radiators. Where radiant 
heat is employed, much lower air temperatures are 
entirely comfortable. A person will feel warm and 
invigorated in a room in which the temperature is 
below 50° F., while with air-warming methods an air 
temperature of 60 to 65° F. is necessary. 

A very efficient system of heating can be obtained by 
radiant heating with panels suitably disposed in the 
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With regard to the electric radiator itself, the com- 
plaint in the past seems to have been that whilst it 
has been satisfactory for the general heating of a 
room, it has been unsatisfactory when compared with 
the ordinary coal fire, inasmuch as one could not draw up 
in front of it in really cold weather and obtain the 
same effect as from a coal fire by the direct rays of 
radiant heat striking the body, the heat from what may 


Height of thermometer 3ft. 


osa in n temperature 
ssal Sn. =! Tc. 


| 
¿e 
| 


3-0”radius 


Positions of thermometer 
ts of 2ft.& 3ft. 
rom ground 


[-------------------12t0"approx-- ---- --------- 


Fic. 3.—In upper part of figure, curves A refer to a reflector pattern fire, and curves B to a plain pattern. 


ceiling and under windows to prevent down-draughts, 
or tubular heating units arranged along the skirting 


boards and under windows, in conjunction with electric. 


fires, which are suitable for rapid heating or intermittent 
use and which also provide that cheery glow and com- 
forting effect which for psychological reasons alone is so 
essential. An alternative method is a mixed system of 
radiation utilizing electric fires and compact electric hot- 
water radiators under the windows. The choice of 
either method is chiefly a matter of personal taste. 


be termed the plain type of electric fire being too diffused. 
There is no doubt that the introduction of the reflector 
type of fire, where correctly designed, has helped matters 
considerably in this respect. 

A factor which has influenced not only the popularity 
but also the running efficiency of this type of fire is the 
provision of plug-in elements which enable the reflectors 
to be easily and regularly cleaned. In the event of 
failure the replacement can be made: in a simple, quick 
and cheap manner. 
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A test was taken to obtain the actual difference in 
the heating effect of the two types of fires, and curves 
A and B in Fig. 3 clearly demonstrate the difference in 
the thermometer readings taken, the two fires ONE 
their loadings (3 kW) carefully equalized. 

Curves A show the readings taken with the reiecta 
fire, and curves B with the plain type of fire. 

The method of comparison was as follows. Each 
fire was in turn placed in position and thermometer 
readings were taken at various points in front of each 
on a semicircle of 3 ft. radius from the fire. The tests 
were made in a closed room, the air temperature of 
which was taken in a position shielded from the direct 
rays of the fires and simultaneously with the front 
readings. The difference between the air temperature 
and the temperature readings taken in front of the 
fires indicates the difference of the radiant effect. For 
convenience, temperature differences in degrees Centi- 
grade have been scaled radially at the different angles 
at which the temperature differences have been noted. 
Those on the right-hand side of the graph represent 
differences in temperature measured at a height of 3 ft. 
from the ground, and those on the left-hand side 
represent temperature differences at a height ot 2 ft. 
from the ground. 

It is interesting to note that at a height of 3 ft. the 
reflector type shows up very favourably, particularly 
with the readings taken more directly in front, and 
that at a height of 2 ft. the plain type of fire gives better 
results. 

Panel heaters These are obtainable in two different 
forms, i.e. surface and flush. In the surface type, panels 
may be made up in various ways, surrounded by decora- 


tive mouldings and fixed to existing walls or ceilings.. 


In the flush type, resistance elements suitably insulated 
are embedded in plaster and screwed up in position 
before plastering is commenced. The exposed surface 
is left rough so that the final coat of plaster covers both 
the ordinary plaster and the panel surface, the result 
being that the panel is invisible. The basic principle 
of this system of heating is that it counteracts the ten- 
dency of the body to cool by radiation, by maintaining 
the surrounding walls, ceilings, etc., at an equable 
temperature, and, therefore, local conditions must be 
studied in order to obtain successful results. 

For general purposes it is sufficient to allow 12 sq. ft. 
of panel for every 1 000 cub. ft. of space, or 4 watt per 
cub. ft. This figure would of course be increased in 
special cases, depending upon the amount of exposed 
surface, glass surface, etc. 

The cost of the panels is about 12s. 6d. per sq. ft. for 
a reasonable length, so that they compare favourably 
as regards cost with good-quality electric fires or hot- 
water radiator installations. 

When the panels are fixed in the ceiling, the warming 
effect is secured not only by direct radiation but also by 
reflection from glass and other polished surfaces. 

Clearly, owing to the time-lag due to the specific 
heat of the various solid bodies, bricks, plaster, con- 
crete, boards, etc., the panel-heating system is not a 
competitor of the electric fire for short-period warming. 
It is essentially a long-hour system and, due to the 
thermal storage, it may be switched off for a couple of 


hours over the peak load without noticeable effect on 
the rooms. The panels, like the ordinary electric fire, 
can be regulated in a simple manner, and are usually 
provided with a 3-heat control switch. Owing to the 
low operating temperature of the panels (approximately 
180° F.) the heating elements have a long life and there 


is no fire risk. The running cost depends, of course, 


on the price of energy, but for the best results it is 
preferable to have the low heat on for 24 hours a day 
rather than to switch off entirely at night and attempt 
rapid boosting in the morning. If left on all night on 
low heat, the brickwork, floors, etc., are maintained ata 
comfortable temperature. 

Tubular heating.—This method of heating is of com- 
paratively recent origin and has met with quite a degree 
of success in its domestic applications. 

Tubular heaters are usually constructed of special 
fireproof porcelain insulators through which a single 
heating element is drawn, the whole being contained in 
a steel tube. On passing a current through this element 
the heat from the wire, which never exceeds a black 
heat, is transmitted uniformly through the air enclosed 
in the tube, the surface temperature of which attains a 
temperature varying from 160° to 230° F., corresponding 
to an electrical loading of 40 to 70 watts per foot run of 
tube. In appearance the heater is similar to ordinary 
hot-water pipe and can be obtained in various lengths. 
The heaters are placed in just those positions where heat 
is most required, thus distributimg the available energy 
over the total space to be heated. 


This effective distribution renders. low-tempetature 


heating possible and makes for maximum efficiency, 
the air being warmed without its moisture content being 
appreciably lowered. For heating the average room, a 


current consumption of 0-75 watt per cub. ft. of room. 


capacity easily maintains a temperature of 60° F. The 
heaters are installed horizontally and are usually attached 
to the skirting board and, if finished in harmony with 
the surrounding decorations, are quite inconspicuous. 

By installing a number of short lengths of tubular 
heater, each of which is connected separately to the 
wiring circuit, it is possible by means of switches to 
vary at will the number of heaters in use. Further- 
more, the heaters can be thermostatically controlled, 
so that the current is switched on and off automatically, 
thus enabling the room to be kept at any desired tem- 
perature. In this way a considerable saving in current 
may be effected, and it will be found that the heaters 
will only be on for an average of 5 hours per day during 
the winter months. 

Since the heating element is entirely enclosed within 
a heat-resisting insulator, which in turn is protected 
by the outer tube, it is impossible for any inflammable 
substance to come into contact with it, and for this 
reason it may be safely used for heating purposes 
in those situations where the open type of electric 
radiator would be deemed highly dangerous, e.g. in 
a garage. 

Apart from the heating of rooms, these tubular heaters. 
may be applied in other ways in the home. For example, 
a length may be fixed near an open window to counteract 
any objectionable down-draught without seriously 
impeding the efficiency of the ventilation; or, again, 
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in the form of a hot towel rail it fulfils another useful 
function. 

In the domestic field it is very improbable that the 
panel, tubular or hot-water types of heater will entirely 
take the place of the ordinary electric fire, but, as stated 
previously, when the different systems are used in con- 
junction with one another a very efficient installation 
can be obtained. 

Electric thermal storage, although used extensively 
on the Continent, has not yet become popular in this 
country. It is particularly suitable for use during 
night hours and at off-peak periods, when current can 
usually be obtained at specially low rates. 

It is not possible in a paper such as this to go into 
details of every form of domestic electric heating ap- 
paratus, but it is hoped that the above remarks will 
be found helpful. 


(3) WATER HEATING. 


It is necessary in the home to have a supply of hot 
water which can always be obtained instantly and in 
any amount. The amount of hot water required 
throughout the day varies, as also does the temperature 
of the water required for different purposes, e.g. 100° F. 
for baths and wash basins, 120° F. for dish washing, and 
160° F. for scalding and cleaning. Since the habits of 
people and the sizes uf households vary a good deal, it 
is somewhat difficult to determine the quantity of hot 
water required daily in the average middle-class house. 
For a household of 5 persons, about 6 gallons are neces- 
sary for washing-up and culinary purposes, while approxi- 
mately 16 gallons are utilized for the lavatory basin 
and a similar amount for the bath. 

Of all the available forms of energy, electricity pos- 
sesses the greatest efficiency for conversion to useful 
heat energy. This particularly applies to water heating. 
In addition to low attendance charges and convenience 
of application, it is simple, safe and clean to operate, 
without fumes, flues, dust and dirt. Unfortunately, in 
many districts the excessive charges for current for 
water heating prevent the average consumer from enjoy- 
ing these advantages. 

The present high charges made for electrical energy 
supplied for water-heating purposes provide the principal 
obstacle in the way of development of this class of 
load. Since hot water is an absolute necessity in the 
home, the hot-water load is capable of producing as 
much revenue as the cooking and lighting loads together. 
In addition to the maximum demand of an electrically 
heated storage tank being considerably lower than that 
of a cooker, its load factor is very much higher, and yet 
in numerous instances the charge per unit is the same 
for cooking and water heating. Surely, on its merits 
the latter deserves special terms. A number of pro- 
gressive supply undertakings charge a special low rate 
for storage heaters, equivalent to a small margin of 
profit over their running costs, but as this usually applies 
only to night loads it entails a time switch and extra 
meters. Where the two-part tariff method of charging 
for domestic supplies has been adopted it has resulted 
in a large reduction in the number of meters necessary, 
and any method which tends to increase them again 
is to be deplored. There appears to be no reason why 


a fixed charge per quarter, varying with the loading 
and capacity of the apparatus, should not be made. 
This could include hire of storage apparatus, main- 
tenance and current supplied. The details of such a 
scheme would, of course, have to be carefully worked 
out, but the authors feel confident that this suggestion 
merits serious consideration. 

Since the rapid development of electric cooking has 
resulted largely from attractive hire schemes coupled 
with efficient maintenance service, it is essential to 
foster electric water heating by providing the same 
facilities. 

The most usual method of domestic water heating, 
consisting of a boiler fixed at the back of one of the 
coal-fire grates which delivers hot water to a central 
storage tank, gives, in spite of its obvious disadvantages, 
such as labour, dust, fumes, etc., at least a comparatively 
comfortable and convenient service. The draw-off taps 
are installed at points in the house which are most con- 
venient, and, within reasonable limits, such a system 
provides unlimited hot water. The average house- 
holder being therefore accustomed to such an arrange- 
ment, if water heating by electricity is to be substituted 
the same facilities must be available, and particularly 
there must be no restriction in the matter of supply of 
hot water. 

In order to be successful, electric water heating must 
not be expensive in return for the service given; also 
in all cases the cost of running should be definitely 
known beforehand and practically guaranteed to the 
prospective user. This latter point is very important, 
because the average householder will not embark on 
such a new innovation as electric water heating without 
ascertaining beforehand approximately to what extent 
he will be committed financially. Fortunately most of 
the leading makers of electric water-heating apparatus 
have accumulated sufficient experience to be able to 
supply this information for any particular installation. 

Several methods are utilized for electric water heating, 
but roughly they can be divided into three main systems, 
viz. 

(1) Instantaneous geyser ; 

(2) Local storage ; and 

(3) Central storage. 

Instantaneous geysey.—The gas industry fulfilled the 
want for an efficient and quick method of providing 
hot water by means of the now commonplace gas geyser. 
Its electrical counterpart, which varies in loading from 
3 kW for culinary purposes to 10 kW for use with a 
bath, although working in the neighbourhood of 98 per 
cent efficiency, has been discouraged by the majority 
of supply undertakings, on account of the voltage 
fluctuation on residential networks caused by the 
switching on and off of these comparatively high-load 
appliances. As an example of this trouble the diagrams 
in Fig. 4 are of interest. They are charts: taken from 
recording voltmeters fixed on the outers of a 3-wire 
d.c. distributor at a point where numerous complaints 
had been received of voltage fluctuation, particularly 
at a certain time in the evening. .The trouble was 
eventually traced to a large instantaneous geyser which 
was connected between the positive outer and the neutral 
and was used for a bath daily at the time observed. 


qe 


v4 


St Y 


SS E Ee 


~ 


A a 


AE 


A 
LS 


MILNE AND RAWLL: THE DOMESTIC APPLICATIONS OF ELECTRICITY. 741 


Even if the heating elements of such geysers are balanced 
between the outers and neutral or connected directly 
across the outers of the network, the fluctuation will still 
occur. The extent of the fluctuation is not so trouble- 
some as the frequency of its occurrence, due to the small 
amount of time during which the apparatus is in use, 
particularly if it is utilized at a sink or wash-basin. 

In order to prevent current passing through the geyser 
without water being present, and thereby burning out 
the element, it is desirable to fit an interlocked switch 
and water valve, so that the water must be turned on 
before the current, and in the reverse manner the latter 
must be switched off before the former is allowed to 
cease to flow. 

There are two types of instantaneous geysers; one 
in which the heating element is electrically insulated 


(b) 


Fic. 4.—Effect of heavily loaded geyser on pressure 
of d.c. network. 


(a) Positive outer. 
(b) Negative outer. 


from the water, being usually encased in a metallic 
sheath, and the other in which the bare heating element 
is actually immersed in the water. With regard to the 
latter type of apparatus, there is a risk of electrolytic 
trouble on d.c. circuits ; also, in order to prevent current 
flowing through the water to earth when connected to a 
public supply network (one pole of which is almost 
invariably earthed), the running water is made to take 
a path of small sectional area and comparatively great 
length between the element and the portions of the 
apparatus which are at earth potential. This gives 
an insulation resistance (when working) of 15 000 ohms 
as a maximum. Although this resistance of 0-015 
megohm may be sufficient to limit the leakage current 
to minute proportions, yet compared with the insula- 
tion resistance demanded of all other electrical appli- 
ances it is exceedingly low. Also, it is difficult to see 
how such an appliance conforms with the Electricity 
Commissioners’ Regulations, which will not allow a 
leakage of more than one ten-thousandth part of the 
maximum current supplied to the premises. The 


maximum load of the average consumer with a geyser 
of this type would be in the region of 10 kW. With such 
a load balanced across the outers of the network, as 
is usual, the maximum leakage permitted on, say, a 
460-volt supply would be (10000 x 1)/(460 x 10 000) 
= 0-00217 ampere, which corresponds to a mini- 
mum permissible insulation resistance of 460/0-00217 
= 211600 ohms or 0:212 megohm. It would seem, 
therefore, that the insulation resistance of such a geyser 
is, at the most, one-tenth of the minimum figure per- 
mitted by the Commissioners’ Regulations. 

Local and central storage systems.—Both these methods 
are growing in popularity, the particular one adopted 
depending upon the duty required and the number and 
position of taps where hot water is required. Where the 
draw-off taps are within a radius of 20 to 30 ft. the 
better plan.is to provide a central storage tank of ample 
size, well lagged, with 3-heat control or preferably auto- 
matic temperature control. In those cases where the 
taps are in isolated positions or at long distances apart 
a local storage heater is the better proposition. One 
advantage of the central storage system is that it 
permits the full capacity of the tank to be obtained at 


Boiling 


point 21 


& 180 AUMNEN aja 
o OCEAN ENC 
sink $ eo LV LLIN EN CP 


temp. w THT AT) ALLINLN 

S ao LAIN TANTES 

s MOVANT 

y 

E 120 
Bath © 
temp y 100 

E 

È 80. o S S A = 
Room gol Lä ii 1) PPP rere ee 
temp. 0 4 8 12 16 20 

Hot water, in gallons per hour 
0 96 192 288 384 480 


Total gallons per day 
Fic. 5.—Performance of immersion heaters. 


any of the draw-off taps. It is the opinion of some 
experts that, once the price of current for water heating 
comes down universally to $d. per unit or less, the 
central storage system will become the standard and 
the other systems will tend to disappear. 

The authors are indebted to Mr. Nobbs for the chart 
shown in Fig. 5, which is very useful for determining 
the size of immersion heater required for various hot- 
water supplies. It is based on an average efficiency 
of 88 per cent. 

The case of a small modern house under construction, 
where the bath, lavatory basin and kitchen sink are 
grouped fairly close together, would be efficiently served 
by a central storage tank of 20 to 30 gallons capacity, 
loaded to about 2 kW. On the other hand, where the usual 
coal-fired hot-water system is already in position, there 
is for financial reasons a natural tendency on the part 
of the householder not to discard it, but rather to adapt 
electric heating to the existing installation. This is 
usually effected by inserting an immersion heater in a 
horizontal position in the ordinary domestic hot-water 
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storage tank low down on the same side as the hot- 
water outlet. This should be fixed by special flanges to 
enable the heater to be easily withdrawn for inspection 
or maintenance purposes. The tank should be 
thoroughly well lagged and the current should be con- 
trolled by a thermostat. Such a method, however, 
is to be deprecated. Following old methods invariably 
leads to much wasted heat, on account of the length of 
pipe involved, and necessitates the drawing off of a 
considerable quantity of semi-warm water before the 
really hot water arrives. The object of electric water 
heating is to eliminate all pipe losses as far as possible. 
This means either a central storage tank with the draw- 
off taps grouped at short distances around it, or else 


out on one of these small storage heaters fitted with 
thermostatic control, and indicate that the consumption. 
is well within reasonable limits and, where the tariff is. 
in the region of ld. per unit, is quite suitable to the- 
pocket of the average consumer. 

A similar heater, of about 10 gallons capacity and. 
loaded to 1 kW, fixed in the bathroom will provide- 
a hot bath for 4 kWh. By installing an additional pipe 
to the outlet it is a simple matter to arrange a supply of 
hot water to the wash-basin as well. 

Water varies in hardness in different localities, and: 
consequently the sludge formed in storage heaters. 
operating at comparatively high temperatures varies. 
in character and amount. It is therefore essential that 
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Fic. 6.—Test on a small storage tank. 


local storage heaters at the positions where hot water is 
required. 

Surprising though it may seem, a 500-watt local storage 
heater of 14 gallons capacity, fitted at the sink and 
delivering water at 190°F., will provide for all the 
kitchen requirements of the average house. A heater 
used for such a purpose should be so lined that 
water delivered from it can also be used for culinary 
purposes. A comparatively high-temperature water 
heater is desirable for several reasons. A smaller tank 
(an important point in the modern house where space 
is valuable) will do the same work as a tank of greater 
capacity containing water at a lower temperature. 
In addition, the water being really hot, waste is elimi- 
nated by preventing washing operations being carried 
out under the running water, which is usually the case 
with water at a lower temperature. 

The curves shown in Fig. 6 illustrate a test carried 


the design of the tank should be such as to facilitate 
the quick and easy removal of this sludge. The sludge 
should be removed at regular intervals, and this is 
where the advantage of a hiring scheme is seen, as the 
supply undertaking does this work at stated periods. 
In one town where the water is extremely hard the 
heaters are examined every 9 months for cleaning 
purposes, and even then the deposit is found to be com- 
paratively slight. 

The capital cost and maintenance of local storage 
heaters are no more than those involved in the ordinary 
electric cooker—a fact which does not seem to be appre- 
ciated by those undertakings who have not yet had 
sufficient courage to embark on a hire scheme for this 
class of apparatus. 

The smaller sizes of storage heaters are controlled 
by a tap on the cold-water main, and work on the 
‘“‘ push through ” or water-displacement system, but on 
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the larger sizes it is advisable to include a ball-valve 
feed tank between the main water-supply pipe and the 
heater tank. In some makes of storage heaters this 
ball-valve feed tank is incorporated under the same 
casing, thereby often effecting a considerable saving in 
the cost of the installation. 

With the storage system of water heating, thermo- 
static control is essential for economy in current. The 
first cost of a thermostat is sometimes considered exces- 
sive, but since it saves 50 per cent of the current which 
would be used by hand control it soon repays the outlay. 
The main considerations in the choice of a thermostat 
are that it should be accurate, capable of adjustment to 
Operate at various temperatures and, most important 
of all, reliable in its action. 


(4) COOKING. 


The general introduction throughout the country of 
domestic tariffs coupled with facilities for the hire of 
apparatus is the primary cause of the steady progress 
of electric cooking. While the price per unit necessary 
for competing with gas need not be so low as many 
people imagine, the absence of a hire or hire-purchase 
scheme narrows the field of prospective users to those 
having the enterprise to adapt new methods in the home 
and the necessary spare money to pay for the apparatus. 
It would be an advantage also if the hire or hire-purchase 
fee included the cost of additional wiring, where neces- 
sary ; for if a prospective user is faced with a bill for, 
say, £5 in addition to the quarter’s hire fee, he often 
hesitates before changing over to the electrical method. 
The provision of a plug on the cooker for the use of an 
electric kettle or other small appliances would also be 
an advantage. 

That much of the prejudice that existed against 
electric cooking has been overcome, is evidenced by the 
large increase in the number of cookers hired out during 
the last year or so. People are beginning to think that 
they are behind the times in not having an electric cooker 
installed, instead of imagining themselves to be more or 
less the victims of an experiment. 

The commercial success of electrical cooking is an 
established fact, and the consumption rate of 1 unit 
per person per day can no longer be regarded as other 
than a fair average figure. 

The cooking load has a diversity factor of 9 to 10 
and is for all practical purposes an off-peak load. It 
is agreed that the load is such that, as far as the gene- 
rating station is concerned, 0'ld. per unit is considered 
adequate to cover mains increases, and also that the 
cooker consumption is from 7 to 8 times the normal 
lighting consumption. 

It may be asked whether the supply engineer is getting 
the fullest revenue and providing the maximum service 
to his consumers unless he is cultivating the cooker busi- 
ness and thus assuring himself that the thousands of 
pounds’ worth of copper and material lying in the 
streets is bringing in the greatest possible revenue. 

Disconnections of electric cookers, due to dissatis- 
faction on the part of the user, are extremely rare, 
in the majority of cases less than I per cent. More 
often than not disconnections are due to the unsatis- 
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factory maintenance service given. An efficient main- 
tenance service is essential. 

The working-class consumer is, above all, the one to- 
be considered. For one thing, the way he uses his. 
cooker helps to improve the station load, whereas. 
probably in the larger household, where late dinner is. 
the order of the day, the maximum demand will probably 
occur in the evening. In addition, in a working man’s. 
home a cooker is used all the year round, whereas in 
the larger houses the kitchen range, with its associated 
hot-water apparatus, is used all the winter, leaving the 
electric cooker free until the summer. 

With regard to the cooker itself, efficiency and rapidity 
are vital necessities, added to which are the equally 
important requirements of reliability, robust construc- 
tion, cheapness of manufacture and ease and cheapness 
of replacement of faulty parts. 

For the designer the market is indeed a difficult one, 
since he serves many masters. The supply engineer 
demands, primarily, reliability, ease of replacement and 
low initial cost. The housewife desires rapidity, reli- 
ability and pleasing appearance. The husband asks 
for economy in operation. Then, again, the relative 
merits of “open ” and “ enclosed ” type boiling-plates 
have to be considered. 

That the boiling-plate is the most important part of 
the cooker will be conceded when it is remembered that 
on the average about 80 per cent of the cooking is done 
on the hob and 20 per cent in the oven. 

In connection with boiling-plates it is well to mention 
the subject of utensils. All utensils and pans should 
be machined flat to give the best possible contact with 
the plate. If the utensil is in good contact with the 
plate the temperature on its lower surface is virtually 
the same as that on the upper surface of the boiling- 
plate, whereas if the base of the utensil is only slightly 
irregular a considerable temperature-drop occurs in 
getting the heat across the air-gap between the utensil 
and the boiling-plate. 

Plain water-boiling should not be done by means of 
a kettle on the boiling-plate but by a self-contained 
electric kettle, for the sake of economy in time and 
current. 

The usual methods of cooking in use to-day, even 
in their most recent application, whether coal, gas or 
electricity, have one common defect, i.e. only a small 
quantity of the heat developed actually reaches the 
article being cooked, the greater portion being absorbed 
by the stove or apparatus in use and escaping into the 
atmosphere. 

The overall thermal efficiency of a modern electric 
cooker in general use, of the type usually hired out, 
is about 54 per cent, that of the oven itself being about 
90 per cent, and the combined efficiency of the boiling- 
plate and cooking utensil 45 per cent. 

Attempts have been made to overcome this loss, 
and there are available, at the present time, cookers 
embodying the principles of radiant and induction 
heating, which, it is claimed, effectively deal with the 
situation. 

It is proposed, therefore, to give a brief description 
of these methods. 

It is perhaps not sufficiently recognized that the 
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flavour and digestibility of meat foods are impaired by 
prolonged cooking, owing to the coagulation by heat 
of the albumen which is the main constituent of all 
animal foods. Rapidity and short duration of cooking 
is the essential thing, as thereby the meat is quickly 
sealed, thus retaining the red internal juices in a semi- 
fluid and digestive condition. 

Radiant-heat system of cooking—By this system the 
ordinary grill is dispensed with. The oven elements, 
consisting of two vertical radiators which radiate heat 
directly on to the food, are brought together for this 
purpose and, as the food is grilled on both sides at 
once, time is saved and food of greatly improved quality 
and flavour is produced. 

The great advantage of this system for roasting pur- 
purposes is that cooking commences immediately the ele- 
ments have attained red heat, i.e. after approximately 
4 to 5 minutes, and it is not necessary to obtain a par- 
ticular oven temperature before inserting the joint. 

The manufacturers claim that the risk of damage to 
the vertical elements by spluttering or spitting is ex- 
tremely small, due to their special construction and 
housing.” 

The oven can be supplemented with the ordinary 
boiling-plates and cake oven, which is heated by con- 
vection from the bottom oven when in use and by a 
supplementary horizontal element which can be used at 
will according to requirements. 

In comparison with the time taken on the ordinary 
type of electrical cooking range, a 5-lb. joint of beef 
requires 40 minutes to cook and consumes 0-5 kWh, 
the time taken in an ordinary oven being about 100 
minutes and the consumption 2 kWh. The loss in 
weight due to shrinkage is also less, being 6 per cent 
as compared with 10 per cent. 

The times taken to cook different foods are given 
below. The figures were supplied by the manufacturers, 
as the authors had no opportunity of making their/own 
tests. 


Toast and bacon .. 1 min. 

Kippers, etc. .. 2 mins, 

Sausages .. .. 3 mins. 

Cutlets si .. 5 mins. 

Chops ae .. 5 to 7 mins., according to 
thickness. 

Steak te .. 7 to 10 mins., according to 
thickness. 

Half a fowl .. 10 mins. 


The fact that a number of well-known catering firms 
have standardized the vertical two-side grilling tends 
to prove that the system is the correct one, and that 
it has proved economical on a commercial basis. 

Induction system—portable apparatus.—The apparatus 
is essentially a transformer, the primary part of which 
is fed from the ordinary a.c. supply mains, the secondary 
being a closed circuit comprising a stainless-steel utensil 
and a nickel-plated copper stirrup. This copper stirrup 
is welded to the bottom of each utensil and thus forms 
a loop. This loop passes over a transformer core, con- 
stituting a single-turn secondary. The transformer 
core is rectangular in shape and is composed of laminated 


iron plates, on which are mounted the primary coils. 
These primary coils and part of the core are totally 
enclosed in the casing of the appliance, beneath the hob 
or cover. A portion of the core projects above the 
cover, having a movable wedge-shaped piece which is 
supported by suitable spring suspension above the core 
when the apparatus is not in use, and which completes 
the iron circuit when it is kept down in position by a 
utensil being placed over it. This arrangement is 
necessary to allow the utensil, the secondary part, to 
be placed in position or removed at will. 

The apparatus is suitable for all forms of cooking, 
particularly so in braising and casserole cooking, and 
is constructed to operate at temperatures up to 450° F. 

A 14-pint pan will take a fowl or any joint up to 
10 1b., and therefore replaces an oven to a considerable 
extent. 

The cooking of meat or fish with little or no water 
eliminates the wastage of nutriment and the loss of 
flavour and consistency which is unavoidable when the 
food has been covered by a large quantity of water. 

To sum up, any induction pan can be used as an 
ordinary boiling pan; its side heat and even bottom 
heat make it the equivalent of an ordinary double 
cooker on ‘‘ slow simmer ” ; and it is the equivalent of 
a Wellbank boilerette on the “quick simmer,” or of 
a casserole, and to some extent the equivalent of a small 
oven. 

Domestic induction cookers have an efficiency of 
85 to 92 per cent and a power factor of 0-9 or over. 

Where the electric wiring of a house is confined entirely 
to electric lighting, the importance of being able to 
connect electric cooking appliances to the lighting 
circuit is obvious. o 

With the idea of gradually starting electric cooking, 
or as an accessory to the coal range or gas cooker, a 
small 750-watt induction cooker may be employed. 
The same appliance can be used for boiling, braising or 
roasting, thus reducing the cost of the equipment and 
the loading on the lighting circuit. 

Induction oven.—In this oven the principles of radiant 
and inductive heating are employed. The method 
of cooking is as follows: In addition to the usual 
wire-resistance elements, which are run at red heat, 
a low-voltage secondary current is passed through the 
meat, and thus causes the interior of the meat to be 
cooked at the same time as the exterior. It is claimed 
that by this means a saving of 50 per cent in electrical 
energy is obtained, in addition to a considerable saving 
in time. 

To enable the current to be passed through the meat, 
a contact plate is placed in the bottom of the cooking 
dish upon which the meat is placed. The top surface 
of the meat is covered by a chain mesh which constitutes 
the second contact plate. These plates are connected 
to a plug at the back of the oven. 

It should be noted that joints to be roasted by this 
process require two cut lean surfaces with a continuous 
body of lean right through for the passage of the induced 
current, and there is no need to remove any bone; also 
induced current is not passed through bread, pastry, 
cakes, etc. 

Joints can be cooked with side and bottom heat, or 
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bottom and top heat as in an ordinary oven, and without 
induced heat. 

The best way to cook a leg of mutton by the induction 
method is to braise it in one of the pans. 

The loss of weight after cooking is less than two-thirds 
of that in other electric ovens, and one-third of the 
loss experienced in a gas oven. 

A comparison of induction cookers with ordinary 
types of electric boiling-plates and ovens’ is made in 
Table No. 2. Consumptions and times for a variety 
of different operations are given. In order to reach 
an average of general everyday cooking the items are 
totalled and reduced to percentages. 


It is a physical law that when a solid becomes a liquid 
or a liquid a gas, and vice versa, the process is always 
accompanied by the absorption and elimination of 
heat respectively. This fact is used in all refrigeration 
problems. 

The chief disadvantages of the ordinary ice-box may 
be summarized as follows :— 


(1) The uncertainty of the supply of ice, resulting in a 
rise in temperature when supplies are not 
available. 

(2) Dampness exists, which has a tendency to cause 
mould, fostering the growth of bacteria. 


TABLE 2, 
Units used Time 
Induction Ordinary disc Ordinary Induction Ce £ disc o 
apparatus (300 watts) | (1800 watts) | apparatus (960 watts) | (2800 watts) 
kilowatt-hours minutes 
Boiling, 4 pint’ 0-04 0-14 0-08 0:6 9 4 
Boiling, 1 pint 0-06 0:17 0-12 1 11 7 
Boiling, 2 pints 0-12 0-27 0:23 2 17 13-5 
Frying rissoles 0-1 0-4 0-25 6 25 15 
Stew, 1 quart 0-14 0-23 0-23 10 20 14 (sim.) 
Simmering : 0-23 0-52 0-65 110 130 130 
Greens in 8 pints water 0-87 1-32 1-56 28 84 94 
Raspberry jam, 124 Ib. 0-75 1-24 1-41 25 77 85 
Plum jam, 37 1b. .. 1-95 4:7 5-75 56 295 345 (?) 
Induction Ordinary Ordinar Induction Ordinary Ordinary 
Braising 2 pigaan or 2 lb. oven electric oven electric oven oven electric oven electric oven 
meat : 0-4 1-0 1-0 30 50 50 
Roasting 12 lb. beef. s% 1-2 3-0 3-0 35 200 200 
Total .. 5:86 13:0 14:28 303:6 918 957:5 
Plus 25 per cent waste due to 
forgetfulness T a — 3-3 3°57 — ES = 
5:86 16°3 17-85 = == = 
Average, percent... T 33 = 9] 100 32 96 100 


In addition to the apparatus already referred to, 
there are, of course, a number of small portable appli- 
ances, such as hot-plates, toasters, grillers, etc., which 
hardly need comment. 


(5) REFRIGERATION. 


The preservation of food in the house is perhaps one 
of the most important questions of the present time, 
now that the use of preservatives is condemned. 

The problem to be considered is that of eliminating 
heat from food in order to preserve it and prevent the 
growth of bacteria. 

In the early days food was kept in such cool places 
as caves, streams, wells, etc. In later days the ice- 
box was introduced, the ice being placed in a box sur- 
rounded by cork, asbestos, sawdust, or anything that 
had the power of preventing the flow of heat, 


(3) A good household ice-box will give a temperature 
of 55° F., which is 5 deg. F, higher than that 
demanded. by experts. 


Modern electrically-operated refrigerators, however, 
effectively deal with these defects. There are two 
types at present on the market, viz.— 


(1) The mechanical refrigerator, in which a small 
motor-driven compressor is installed, the work 
of which is to reclaim the refrigerant after it 
has passed into the gaseous state, also to 
reduce the pressure in order to get varying 
temperature, 'and to control the refrigerant 
so that it can be used over and over again 
without loss. 

(2) Refrigerators operating on the Platen-Munters 
ammonia absorption system in which hydrogen 
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is introduced into the low-pressure side of the 
cooling unit to act as a pressure-equalizer, so 
that, although there is the necessary pressure 
difference for the evaporation of the cooling 
medium, the total pressure in the different 
parts is uniform, whereas relatively a large 
pressure difference exists in the mechanical 


type of refrigerator. The circulation of the 
refrigerant is caused by the application of heat 
to one part of the apparatus by means of a 
small heating coil, representing a consumption 
of about 0-25 kWh per hour for a temperature 
of 40° F. inside the cabinet. It is necessary 
to provide a supply of cooling water with this 
apparatus. 


With both types of refrigerator the operating cost 
és extremely low, and for maximum economy and con- 
venience the current should be automatically controlled 
by a thermostat. 


(6) TARIFFS. 


One of the chief factors controlling the extension of 
domestic electrification is the cost of electrical energy. 
In this connection it should be remembered that the 
cost of a public supply is approximately 75 per cent 
fixed, varying very little with moderate increase or 
‘decrease in output, and 25 per cent variable, depending 
upon the number of units sold. 

The supply undertakings must therefore obtain a 
Teasonable return for short-period supplies, which 
represent a definite percentage of the capital invested, 
cost of management, etc., and yet only employ the 
machinery for a portion of the 24 hours. With this 
revenue established, they are in a position to sell the 
‘output of the same portion of machinery throughout the 
rest of the 24 hours at considerably lower rates, thus 
reducing the total cost of production. 

A number of methods of charging have been devised 
from time to time, none of which is free from objection. 
It therefore remains to select the best and adhere to it. 

One of the simplest methods is a fixed payment per 
quarter based upon the rateable value of the premises 
requiring supply, plus a low running charge per unit 
for all current consumed. 

Although it may be argued that there is no definite 

relation between the rateable value of the premises and 
the electrical requirements of the occupant, the system 
has, more or less, justified itself in practice. 
- The introduction of a new tariff is a difficult matter 
until the consumer has been educated to its advantages, 
but once this has been accomplished it will encourage 
him to use electricity for a greater variety of purposes, 
during both day and night, thus providing those essential 
conditions upon which cheap supplies depend. 


(7) COMPARATIVE CosTs OF BUILDING. 


The influence of electricity in the “all electric ” 
house is probably most marked in the first cost of build- 
ing, due to the elimination of chimney breasts, etc. 
The full space of the rooms is also available and, by 
the use of inlet and outlet ventilators fitted at the 


floor Sad ceiling: the ia has more control over 
the air supply than is possible with the usual ventilation 
obtained through the fireplace or gas fire. 

An experiment was carried out in Birmingham some 
time ago to ascertain the saving in the cost of building 
an “ all electric ” and “ one coal fire ” house, compared 
with an ordinary type of residence; the details of the 
experiment will perhaps be of interest, Three houses 
were built by direct labour, to the same plan and speci- 
fication, except where details were affected by the 
installation of electricity. 

House No. 1.—Ordinary house. Provided with ordi- 
nary coal fires with gas laid on for cooker and to bedroom 
fireplaces for gas fires if required, electric light bemg 
installed. 

House No. 2.—‘‘ One coal five.” Equipped with one 
coal fire in kitchen with hot-water circulation attached, 
all other heating, cooking and lighting being done 
electrically. 


Living T 
16-4% x 11 


Type S.1. 
Ground Floor Plan First Floor Plan 


Fic. 7. 


House No. 3.—-* All electric.” Electrically equipped 
throughout, the hot-water supply being provided by a 
10-gallon tank in the bathroom and a local instantaneous 
geyser in the scullery. 

An idea of the layout of the houses may be obtained 
from the plan shown in Fig. 7. The variation in cost 
of the different building operations is shown in Table 3. 
It should be borne in mind, however, that some of the 
fluctuations are probably due to the different times taken 
by different men, and also to slight variations in the 
cost of some of the materials. The figures may, however, 
be taken as correct. 

It will be seen, therefore, that there is a saving in 
building of £30 in the case of the one-coal-fire house and 
£76 in that of the all-electric house. The cost of wiring 
and electrical apparatus has not been taken into con- 
sideration in either case, but as in most districts electric 
cookers, kettles, water heaters, etc., can be obtained on 
the hire system, a considerable saving can still be shown 
after the necessary items have been provided; also 
a certain amount of free wiring is included in the hire 
schemes of many supply undertakings. 
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TABLE 3. 
House No, 1—Ordinary type House No. 2—One coal fire House No. 3—All electric 
Labour— | 
Excavations sg T py 5 16 3 5 16 E 6 16 E 
Concrete for footings .. ag 5 6 6 5 2 6 5 2 6 
Mortar mixing  . ie “x 213 8 216 0 216 0- 
Brickwork to damp course .. a 5.8 8 56.0: 4 14 0 
Brickwork (general) .. .. $ 73 10 7 70 2 8 64 12 8 
Carpenter and joiner .. leo 66 6 0 63 10 0 6113 8 
Plumber and gas fitter .. .. a 13 11 2 13 5 2 10 0 5 
Plasterer T N ER PR 24 0 6 28 0 0 27 4 4 
Painter and glazier... i as 1217 9 1119 6- , 1119 6 
Tiler T ae E ii ie 14 6 0 13 4 5 13 4 5 
Materials— | | | l 

Bricks, plaster, tiles .. diss 137 2 7 134 7 0 128 10 0 
Timber, joinery and i ironmongery 52 98 12 6 (98 6 6 95 0 0 
Paint, glass, etc. — Su ii os S 14 0 8 12 5 9 12 0 0 
Plumbing e “SS Fs m 4613 8 34 2 1 24 0 0 
Grates... ‘ate = ivi, Ses 22 17 6 1412 2 Se 
Drain .. P am pi e. 12 0 0 12 0 0 12.0 0 

| £555 4 0 £524 16 0. £478 13 9 
Saving in cost as compared with House | l 
E No.1.. £30 8 0 £76 10 3 


(8) CONCLUSIONS. | 
There are obviously many other well-known applica- 


tions of electricity in the home, e.g. vacuum cleaners, 


washing machines, etc., which are great labour-saving 


devices. These have not been dealt with in the paper 
as, in the authors’ opinion, information is particularly 


required in connection with the uses which have been 


selected for consideration, 


It is realized that there is a considerable difference of 
opinion as to the manner in which electricity should be 
applied for any domestic purpose, and it is hoped that 
this paper will provide an opportunity for free expres- 
sion of such views. 


[The discussion on this paper will be found on page 
748.] | 
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DISCUSSION ON THE PAPERS BY MR. MUNRO (SEE Pace 712) AND 
MESSRS. MILNE AND RAWLL (SEE Pace 735).* 


DISCUSSION BEFORE THE INSTITUTION, 16TH FEBRUARY, 1928, 


Lieut.-Col. W. A. Vignoles : Mr. Munro's paper 
is, to my mind, in addition to being a description of 
methods of wiring, a plea for the screwed-conduit 
system. This system is no doubt very good. One of 
the few objections which I have heard raised to it is 
that of expense, but the author concludes that there is 
very little in the question of expense, especially in new 
houses. I should like to point out, however, that most 
of the business which we are going to get in the near 
future is not in new houses but in old houses, and in 
the latter there is apparently a substantial difference in 
the cost of the wiring. While it may be possible to 
show the consumer that it is an economical proposition 
for him to spend a lot of money on a screwed-conduit 
system, if he has not the money he will either choose 
some cheaper system or go without a supply of elec- 
tricity; and in such cases it is better for the electrical 
contractor and also for the supply undertaking that he 
should adopt some cheaper system, as otherwise neither 
will get the business. Whatever system we use, I 
agree with the author that safety is an important con- 
sideration; and if domestic supply develops and we get 
wireless and other apparatus operated from the supply 
mains, this question of safety becomes more important 
still, and it behoves all of us to see that the installations 
are carried out in a manner which is not likely to give 
trouble to the consumer. In that connection the 
question of using plugs with a terminal for the earth 
wire becomes very important. Quite a severe shock 
may be obtained from apparatus in the scullery or 


bathroom unless precautions are taken, and it is very 


necessary that such apparatus should be earthed. If 
apparatus is to be earthed in those rooms it would 
appear to be necessary to use an earth in the other 
rooms, because portable apparatus will be carried from 
one room to another. I think that we ought to consider 
whether this should not be made standard. It is very 
important that sufficient outlets should be provided on 
both the heating and the lighting circuits, and that 
raises the question of tariffs. I believe that the develop- 
ment of domestic supply is largely bound up with the 
adoption of the two-part tariff. It is unwise to use 
irons and other small apparatus on circuits which are 
fused heavily for big radiators, and therefore I think 
two circuits will have to be run through the house; but 
development is very much facilitated if a two-part 
tariff is used. There is no doubt that development 
to-day is towards very much larger currents being used 
in all houses, and many houses now want 20 or 30 kW 
for heating alone, and large numbers of heavy fuses are 
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used. Heavy wiring is required everywhere, and the 
installation should be well designed. If large instan- 
taneous water heaters are going to be used, it is im- 
portant that the switches controlling them should be 
of good design to carry the very large currents. Per- 
sonally I do not like the idea of using 6-kW water 
heaters, and Fig. 4 in Messrs. Milne and Rawll’s paper 
will not make supply engineers regard such heaters with 
favour. I think it very much better that the storage 
type of heater should be used. 

With regard to the paper by Messrs. Milne and Rawll, 
I am astonished at the moderation shown by them in 
their opening sentence. They say that the growth of 
the domestic load in this country in recent years has 
been ‘‘ quite pronounced.” That is an extremely 
moderate statement, when we think of the way, especially 
in districts round London, in which the domestic load 
has increased. On the question of price for cooking 
and heating supplies, if the consumer will use electricity 
at lłd. a unit for cooking he will find it an economic 
proposition as compared with gas, but it is very difficult 
to persuade him that that is so. On the other hand, 
most undertakings find that electricity sells very readily 
for heating and provides a large revenue, and I think 
that the whole difficulty is that electric cooking is 
regarded as an innovation. The public are very con- 
servative; and for that reason I am a little uncertain 
whether the apparatus shown by the authors is likely 
to develop. It has been found that the average con- 
sumer likes to see the open-type hot-plate, while the 
closed-type hot-plate, although a better proposition, 
does not appeal to him so much; and if we try to sell 
him something very scientific we shall probably find 
that he will not have it. 

Mr. H. J. Cash: On page 716 Mr. Munro refers to 
the demand for Fin. conduit and says that this “‘ shows 
that the temptation to bunch circuits unduly into 
larger conduits is held in restraint.” I do not under- 
stand why he uses the word “' temptation.” If the 
pipes are there, what is the objection? I can hardly 
think he is obsessed with the old bogey that wires must 
not be bunched, and that if they must be bunched the 
fewer bunched together the better, the idea being that 
the insulation on the wires is not sufficient and that it 
must be increased by spacing. If the conduits are 
larger, there seems to be no reason why more wire 
should not be put into them. In one contract which 
I was carrying out for a Government Department we 
had considerable numbers of fairly heavy points close 
together, and we were proposing to run more than five 
wires in a l-in. conduit. We were told that we must 
not put final sub-circuit wires into l-in. conduits. They 
gave as the reason that it was contrary to their practice. 
They said that about a year previously the Electrical 
Trades Union had objected to their allowing final sub- 
circuit wires to be used in a 1-in. conduit, their objection 
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being that the amount of labour on the job was reduced 
below that required for two #-in. conduits. That 
clause has ever since been in the specification of that 
Government Department. Mr. Munro’s suggestion that 
a grey-coloured conduit should be produced by the 
manufacturers is very good. On page 717 he deals 
with the- question of condensation. and suggests that a 
small hole should be bored in the lowest part of a 
conduit to allow: the: moisture to drain off. My ex- 
perience, however, is that the moisture from condensa- 
tion which rots a cable is kept in the conduit by surface 
tension between the wire and the conduit, and a drip 
outlet will be no use except in so far as it provides 
ventilation. I am therefore strongly of opinion that 
the I.E.E. Wiring Regulations are right in asking for 
the maximum ventilation possible in practice, and 
providing openings at the top as well as the bottom of 
the conduit to permit the conduit to breathe. Mr. 
Munro goes on to say that in his experience the less 
draught the better, “ as the moisture comes from the 
air, and if there is a constant influx of air a more constant 
distillation of water is invited.” I think that is a 
matter for the cable makers, who probably know some- 
thing about the conditions under which their wires 
break down or stand up; but the contractors also have 
a good knowledge of the matter, and I should like to 
hear their opinion. My experience is that no amount 
of condensation is harmful, so long as the conduit can 
breathe. The cause of breakdown of insulation on 
wires is a stale, damp atmosphere setting up mildew 
on the insulation, and if the conduit is kept well ven- 
tilated the amount of moisture present is of relatively 
small importance. I entirely agree with Mr. Munro 
that the day is coming when the old idea of fuses will 
be found inadequate. With larger mains of smaller 
resistance limiting the blow-out currents between the 
generating station and the final sub-circuit, fusing 
troubles are bound to increase. A very large number 
of fuses sold to-day and rated at 5, 10 or 15 amperes, 
are quite incapable of safely breaking the circuit, and 
it appears to me that in the near future all iron-cased 
distribution fuse-boards will have to be lined with an 
insulating non-hygroscopic material. Mr. Munro is also 
inclined to give weight to a recommendation to employ 
copper wire only for domestic fuses, but I think that 
investigations might show him to be wrong. The 
difficulty with copper is largely the time limit of the 
blow-out and the relation between the carrying and 
fusing currents. I think that we want something which 
can be relied on to blow with a smaller margin and in 
less time. On page 728 Mr. Munro makes a statement 
with which I am in entire disagreement: ‘‘ Thus cables 
of 3/:029 or 3/-036 have become practically standard 
for ordinary lighting circuits, although for very cheap 
work 1/-044 is still used in some parts of England.” 1 
am /perfectly aware that on this subject Mr. Munro has 
probably 95 per cent of the industry with him, but I 
think they are as much mistaken as he is. My experience 
is that 1/-044 cable is as good as 3/:029. ‘I have been 
using it now exclusively for over 30 years, except when 
stranded cable is specified. The late Mr. Sidney Sharp 
invariably specified single stranded cable, though he 
allowed the contractor to use the other if he wished. 


VoL. 66. 


So far from its being used almost exclusively for cheap 
work in England, I can assure Mr. Munro that I have 
done first-class work with 1/-044 cable in England, 
Wales, Ireland and Scotland. 

Mr. A. Hughes: On page 714 Mr. Munro describes 
a form of insulated conductor without pure rubber, and 
ascribes to: this type. of. insulation. certain mechanical 
properties of a rather high order. From the point of 
view of permanence.and durability the claims made for 
this type of insulation in general appear to be well 
substantiated in practice. On the same page the author 
refers to the fixing of a cable by means of special 
channelled wood pieces fixed by screws or pins through 
the centres. I suppose the pin is fixed through the 
centre of the wood channelling. To my mind, any 
device which permits a fixing pin to pass through the 
web of a figure-of-eight cable is one which may very 
easily lead to a breakdown. It is obvious that the 
same attention which is paid to the tinning of a copper 
conductor cannot be paid to the tinning of fixing pins 
and fixing screws, and that these media, in intimate 
contact with the compound or the dielectric, are almost 
certain to set up a secondary action between a-corroding 
fixing pin and the insulation of the cable. Another 
point about central fixing pins or screws is that there 
is always, to my mind, the danger that a badly driven 
pin will run too close to a current-carrying conductor. 
Regarding the reference to a longitudinal rib to enable 
the polarity of the conductor to be distinguished, various 
inventors have endeavoured to solve the question of 
core identification by this and similar means. Another 
process with which I am associated tackles the problem 
in another way. A coloured ribbon of a non-hygroscopic 
material runs longitudinally down the length of the 
conductor. The colours used to distinguish the con- 
ductors are those recommended in the I.E.E. Wiring 
Regulations, the polarities indicated being those up to 
the consuming device when the switch is closed. This 
idea is put forward as a real effort towards the stan- 
dardization and universal adoption of the provisions 
prescribed in Regulation 85. 

Mr. F. C. Raphael : Early in his paper Mr. Munro 
says: “It may not be an unmixed evil that so many 
of the new small houses have been fitted with gas. It 
gives the greater field to cover with an orderly advance 
when we have decided and agreed on permanent 
methods.” He gives as his reason that there is going 
to be standardization of voltage, probably at 230 volts, 
a pressure to which he seems to suggest we have never 
been accustomed. Surely, however, we have been 
accustomed to a pressure of 200 volts and over for the 
last 30 years, and it has been the usual pressure for at 
least the last 20 or 25 years, so that we do not need to 
feel our way here. Any one of the methods of wiring 
that Mr. Munro describes is good enough, and to suggest 
that we should wait and .let the gas people. wire our 
houses while we say “ We do not know which method 
to choose; we are suffering from embarras des richesses,’’ 
is neither business nor good engineering. On page 724 Mr. 
Munro deals with screwed conduit, and says that the 
proportion of the cost of labour in wiring a furnished 
and occupied house as against a new house, where the 


work can be done as the building proceeds, is 150 for 
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the finished house and 80 for the other, with conduit 
wiring, and that labour charges are the chief item in 
the cost. In the face of that, it cannot be good 
engineering to wait until the house is gas-lighted and 
occupied before considering the installation of electric 
light. With Mr. Munro's condemnation of the light 
box on lead systems I entirely agree; but there are 
now on the market several makes of very substantial 
boxes, and there is no need to use these fragile and, in 
some cases, very ugly boxes which one sees, in view of 
the small difference in price between the fragile ones 
and the others, and the fact that it is only necessary to 
use a few. I also agree with Mr. Munro’s objection to 
the use of a bonding ring hidden behind a block. The 
objection is not so much that it may interfere with the 
porcelain connectors, which apparently Mr. Munro uses 
behind the block in contravention of the I.E.E. Wiring 
Regulations, but that, if they are not seen after the job 
is finished, we who have to inspect the installation are 
not quite sure that they have been put in. The same 
objection applies to the earthing wire. I have never 
used an installation with a third earthing wire running 
right through, but I should be nervous about carrying 
an earthing wire through a lead-covered cable which 
can only make contact with the lead sheath here and 
there. Ifa bad short-circuit occurs, that little earthing 
wire has to carry the excess current, and little defects 
will appear in the cable, some possibly at once, others 
after time for development. I fully agree with the 
remarks that have been made in regard to the colouring 
of the conduit. The British Standard Specification for 
conduit, moreover, does not go into sufficient detail; it 
does not specify the thickness or quality of the enamel, 
and we want that for both the external and internal 
enamel. There are other advantages in the use of the 
one-way: connectors which Mr. Munro advocates as 
compared with the 2- or 3-way connectors. There is 
not merely the advantage in regard to surface leakage, 
but the method Mr. Munro describes is more popular 
with the wiremen, because it means only one set of 
cables as compared with a rigid thing which is anchored 
in three or four places. With the latter the wiremen 
may get some of the wires loose in pushing them back 
into the box or behind the block, and there will at any 
tate be sharp bends in the cable. In my opinion the 
porcelain connector will soon be superseded by those 
made with the new moulded material which is better 
than porcelain. In one make of connector, at any rate, 
the material is moulded solidly round the connecting 
tube, and the wire is absolutely protected by the insu- 
lating material. In regard to fuses, the trouble is to 
find suitable standards. Personally, I use No. 22 
S.W.G, tin for every ordinary 10-light or 5-ampere 
lighting circuit and I seldom get any trouble. For 
larger sizes I definitely specify the size of the tinned 
copper to be used, and I do not leave it to the wiremen 
to put in what they think is suitable. Tin fuse wire is 
satisfactory up to No. 18 S.W.G., and for larger sizes 
tinned copper must be used. Very small tinned-copper 
fuse wire always leads to trouble, and I find that wire- 
men like to carry very fine tinned-copper wire and put 
several strands in parallel, and that gives rise to most 
of the trouble through fuses blowing unnecessarily. 


Fig. A represents a fuse board and sub-circuit on a 
3-wire system (equally applicable to a 3-phase 4-wire 
system) with earthed neutral. Let us assume that a 
fault occurs at the point X. Sometimes nothing will 
happen, but sometimes if there is a big drop of potential 
on the neutral, or if the earth has been taken off to 
test at the station, the voltage at A will go up a little 
and the fuse B will blow. What will happen? The 
lights will continue to burn. They may not even be 
dimmed, for the resistance of the fault will have to be 
low to blow the fuse, but all the current will flow 
through that fault. That fuse, to my mind, is a danger. 
I think double-pole fusing is a great mistake. It dates 
back from the days when we did not know that our 
switches had to be on the live side of the network, and 
to the days when we had to deal with men who were 
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not properly skilled and did not know their job. It is 
safer, as well as cheaper, to have an installation entirely 
on single-pole fuses, and I hope that when the I.E.E. 
Wiring Regulations come up again for revision this 
question will be seriously considered. 

Mr. J. Mellanby : I am in agreement with most of 
what Mr. Munro has said, and also the last speaker, 
though I should like to go very much further than the 
latter, and not only omit the fuse in the neutral wire 
but adopt earthed concentric wiring wherever possible. 
I am open to correction, but I believe that the only 
objection to the use of earthed concentric wiring on 
3-phase 4-wire public supplies is that the Postmaster- 
General is under the erroneous impression that it would 
interfere with his telephones. With the exception of 
the Stannos system, which is purely an earthed con- 
centric wiring system, screwed conduit is in my opinion 
the only satisfactory method of doing permanent 
wiring, and screwed conduit may easily be adapted to 
the earthed concentric system by putting bare wires 
down the tubes for the neutral conductors, and providing 
an earthing terminal in each inspection fitting so as to 
ensure continuity. The bare wires could be easily 
branched off at tee joints. In spite of the many ad- 
vantages of the.screwed-conduit system, unless very 
carefully installed it may prove very bad, and I am 
sure that three out of four installations would fail to 
pass a test for continuity of conduits after a few years 
of service. If an attempt is made to cheapen the costs 
by using cast junction boxes instead of malleable ones, 
trouble will ensue, because a mild-steel tube when 
screwed into a cast-iron box will not tighten up nicely, 
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and even if tight at first it will soon loosen under 
vibration. I should like to draw the attention of 
manufacturers in this country to the fact that several 
badly-wanted fittings do not appear to be made. For 
example, I cannot obtain ceiling plates with the standard 
2 in. spacing of fixing screws to fix them to standard 
circular boxes, where an efficient junction could be 
made between the flexible cord and the cables inside 
the box. The usual method of fixing ceiling points is 
to make an ugly taped-up joint and squeeze it between 
the plate and the wood block. A better alternative is 
to put a ceiling rose between the floor and the ceiling, 
but then it is necessary to take the floor up to replace 
the flexible cord. The iron box on the ceiling is far 
better than the wood block, as it is not liable to suffer 
from shrinkage or warping. Another article that is not 
made is a serviceable and artistic bracket fitting. The 
only way to get a bracket that is strong mechanically, 
and through which the cables may be taken right to the 
lampholder without a break of any sort, is to get a 
length of tube, to bend it into an artistic shape, to 
scrape the enamel off it, and to have it finished. I 
also agree with Mr. Munro that something should be 
done to avoid the untidy mess of wires usually found 
round meters. Is it impracticable to provide means for 
screwing conduit directly into meters? 

Mr. E. J. Reed : On page 727 Mr. Munro says that 
he does not consider a switch to be necessary when a 
plug is used. He apparently thinks that the consumer 
will soon be educated to switch off the self-contained 
heater system before moving the plugs, but I have 
known cases where accidents have been caused by the 
fact that there has been no switch. 1 agree with Mr. 
Munro that there should be an independent body of 
inspectors, particularly as the supply undertakings have 
failed in this direction. In a large number of cases 
they seem quite willing to connect up any kind of 
installation if the insulation test is good. A large 
amount of the shoddy work is due to wiremen who 
carry out work on their own. Something might be 
done in this matter if the supply undertakings could 
get permission to connect up work done by registered 
contractors only. The average wireman to-day neither 
appears to have much technical knowledge, nor, in 
many cases, to understand the reasons for the Institu- 
tion’s Wiring Regulations, and he therefore does not 
see the necessity for complying with them. The quality 
of the work might be improved by some form of co- 
operation between the Electrical Trades Union and the 
Institution and evening institutes, whereby apprentices 
‘would be enabled to get, and be required to have, some 
standard of technical efficiency before becoming wire- 
men. Itshould be compulsory for registered contractors 
to employ only these certified wiremen. It is in small 
houses that improvements in wiring are most needed. 
A large firm of contractors has no difficulty in installing 
proper wiring in large buildings, since sufficient money 
is usually available, and they are under the supervision 
of a consulting engineer; but, for small house wiring 
there is a need for a better class of engineer as con- 
tractor. 
I do not mean an engineer with a good knowledge of 


‘tdathematics and physics; but engineers with a sound - 


When 1 say a better class of engineer is needed, . 


technical knowledge of all branches of electrical en- 
gineering and plenty of common sense. I thinkthat the 
Institution has not altogether recognized the importance 
of the contractor. Members are inclined to forget that 
no section of the industry comes so much into touch 
with the general public, and the public look to them for 
advice on almost all matters connected with electricity. 
They represent the engineering profession to the public. 
The Institution cannot afford to disregard public opinion, 
and should see that the status of the electrical con- 
tracting industry is raised so that the best engineers 
will be attracted to it. 

Mr. W. A. Ritchie : Both Mr. Munto and the last 
speaker refer to the laxity of supply undertakings in 
making tests and inspecting the installation work. The 
truth is that supply undertakings, with the exception 
of one or two who have special powers in their Acts, 
have no right whatever to test or inspect any installation 
beyond seeing that the insulation resistance is up to the 
Commissioners’ standard, and that the supply to that 
installation will not interfere with the supply to other 
consumers. We cannot refuse supply on any other 
grounds. I agree entirely with Mr. Munro that some 
sort of inspecting authority would be a good thing, 
provided that it did not lead to visits from innumerable 
inspectors. I think that the fire insurance companies 
are the right people to deal with the matter. It is an 
extraordinarily good testimonial to the safety of present- 
day installations of all kinds that so far as small houses 
are concerned—and, in fact, fairly large houses also—the 
insurance companies do not even look at the job. They do 
not even ask for a form to be filled up, except in about 
0-2 per cent of the cases. It would undoubtedly be 
beneficial, however, if there were some independent 
inspectors. It- is particularly awkward in cases such as 
aur own, where we also do wiring, for us to criticize 
other people’s work. One point on which I disagree 
rather strongly with Mr. Munro is in regard to the 
comparative labour costs of flexible systems as against 
conduit systems, especially in new houses. We have 
had rather an unusually good chance of trying out a 
system, because there is a big London County Council 
housing scheme in our area. During the last 18 months 
our sales department has wired close on 2000 houses, 
and we are using Maconite throughout. We do not use 
pins through the web, because 1 think that is a very 
dangerous method. The labour costs (for an electrician 
and mate) of those houses up to date, leaving out the 
question of fittings—because, after all, the cost of 
erecting fittings does not vary much with the type of 
wiring—are equivalent to a point:an hour, day in and 
day out. I think that one point in 4 hours would be 
all that one could expect with screwed conduit, and I 
suggest that Mr. Munro's figures in Table 2 are not quite 
accurate. He gives 55 per cent for C.T.S. and 60 for 
Maconite, compared with 80 per cent for screwed con- 
duits. I suggest that 25 to 30 is quite enough. He 
also mentions that with screwed conduits it is not 
necessary to notch the joists. I confess I cannot follow 
that argument; if the joists are not notched the floor 
must be, and this is the greater of the two evils. With 
a flexible system it is possible to drill holes with an 
extension bit through the neutral axis of the joists, and 
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thread the wires through. The shortest cut can be 
taken from the lighting point to the corner of the room. 
Another suggestion with which I disagree is that walls 
on which switches are to be mounted should be plastered 
1 in. thick to make room for the conduit without cutting 
the wall. Surely the cost of putting an inch of plaster 


all over the partition is much more than that of chan- 


nelling the wall and, if it is impossible to cut a channel 
without knocking the bricks out, the class of house does 
not seem to me to be one which would warrant the 
expense of a screwed-conduit system. 

Mr. D. J. Bolton (communicated): On page 737 
Messrs. Milne and Rawll state that the under-running 
of lamps is a mistaken policy “ clearly shown by the 
curve in Fig. 2.” But the curve in question shows 
only one of the costs involved in illumination, whereas 
the total cost is made up of two parts, the cost of the 
energy and the cost of the lamps. -The question of 
when it is economical to under-run concerns the balance 
of these two components, and a curve which only shows 


one of them (whatever its shape) cannot possibly settle ` 


this question. The paper states that a 10 per cent 


reduction in voltage results in one-third less light but - 


does not state that it also results in four times the 
length of life of the lamp. Whether the one is worth 
the other depends entirely upon the relative costs of 
lamp and energy. The average lamp is rated for an 
energy price of 3d. to 4d.; if energy is cheaper than 
this it is more economical to under-run, if dearer to 
over-run. Itis unfortunate that the authors included a 
subject with which they had not space to deal adequately, 
as the information they give results by itself in an 
incorrect conclusion. 

Mr. J. Saycatch (communicated): The merits and 
disadvantages of the various wiring systems described 
in Mr. Munro's paper are very fairly set forth except 
in regard to slip-socket conduits, which are referred to 
as though of little use merely because of the difficulty 
of bonding them reliably. In this respect, however, 
they are certainly superior to, at least, any insulated 
system, while they possess the distinct advantage of 
affording better mechanical protection than any but 
heavy-gauge conduit. The system was designed to 
meet a demand, for something less costly than screwed 
conduit, and if -properly installed, in situations for 
which it is suitable—a condition which applies to all 


systems—perfectly sound and endurable work can be 
done with it. The heavy-gauge screwed-conduit system 
is no doubt better than any other, for dwelling houses 
at all events, especially if they are wired during con- 
struction, when its comparatively high cost is the least, 
while at the same time it has the great advantage over 
all ethers--except the’ slip-socket system—of enabling 
the wiring to be deferred until building operations are 
completed. .. The. whole. question of bonding and earth- 
ing is a difficult one, for if perfect bonding is essential 
it practically excludes all methods of wiring except 
metal-sheathed and conduit systems. It might reason- 
ably be contended that, assuming a maximum voltage 
to earth of 230, in most parts of an ordinary house this 
is not actually dangerous, and it is doubtful whether it 
could be so except under very unusual circumstances— 
that is to say, the risk is inconsiderable. It is only in 
certain situations, e.g. bathrooms and sculleries, where 
the conditions may be really dangerous, and in such 
places all exposed metal work. which. could ..possibly 
become alive should no doubt be efficiently earthed, 
whatever the wiring system employed. In regard to 
the matter of joints.in preference. to looping, there is no 
objection to properly made joints—indeed, they are 
preferable to most forms of connectors. But in practice 
it is impossible to rely upon all joints being perfectly 
made, and unless this can be ensured they are better 
avoided altogether. It is true enough that the average 
wireman is incapable of making a joint satisfactorily, 
and, further, that even those who can do so will not 
always take the trouble. Hence a well-designed con- 
nector is safer than a joint, but the boxes in which the 
connectors are contained should be in places which are 
not inaccessible after the house is furnished. It is 
difficult to follow the argument that the extra wire 
entailed by looping is more likely to go wrong than the 
connectors which take its place; or that there is any 
particular difficulty about disconnecting a wire at a 
switch or ceiling rose for fault locating if necessary. 
The suggested institution of certified wiring inspectors 
is well worth most careful consideration. Such a body, 
properly constituted, could be of immense value to all 
parties concerned with the wiring industry. 


[The replies of Mr. Munro and Messrs. Milne and 
Rawll to this discussion will be found on pages 782 and 
786 respectively.] 
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Dr. S. Parker Smith: Table 2 on page 724 of Mr. 
Munro's paper is very useful and serves to show the 
undue importance attached to screwed conduit. Though 
there are cases where this costly system may be justified, 
the more modern systems deserve greater consideration 
than they have received in the past. 
liability also, it is hard to prove the superiority of 
screwed conduit. Whatever may be said in favour of 
conduit for houses under construction, its use in old 
houses is almost brutal. The damage to good plaster 


work, and the noise and the dirt entailed by the fixing : 


of conduit, are sufficient to condemn it, apart from its 
excessive cost. In this respect the conservatism of the 


As regards re- 


supply undertakings has much to answer for. Coming 
to heater circuits, the author says that the use of 3-pin 
plugs should be encouraged. I agree, but to obtain the 
desired result a mechanically-interlocked switch is also 
necessary. Again, the author says: “ It is good prac- 
tice to provide separate circuits for each heater outlet,” 
but soon after he apparently disagrees with me for 
using 31 separately-fed heating circuits in my house. 
This point requires elucidation. Whilst each of the 
chief rooms has 4 or 5 heating circuits, it must be 
remembered that only 1 or 2 of these are used for fires. 
The remainder are used for the other electric appliances 
common to an all-electric house, for the lighting circuits 
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are used for lighting only. While it may be granted 
that the unfriendly attitude of many critics encouraged 
me to take no unnecessary risks, experience has proved 
that in some rooms still more heating points would be 
desirable. For this reason, some of the 15-ampere plugs 
have been fitted with 5-ampere adaptors. Lastly the 
question of cost should be mentioned. The author 
clearly believes in good and thorough work and so do 
I; yet how much could have been saved by halving 
the number of circuits? I should reply: practically 
nothing on the whole layout. 

Mr. D. H. Bishop: Fuses and fittings which were 
quite satisfactory years ago, disappear nowadays almost 
completely in cases of short-circuit. It is very difficult 
to get contractors to realize this. In every specification 
which we draw up for the Corporation we always insist 
on fairly large fuses of the Home Office type being 
installed on the main distribution board, because we 
know that the ordinary small commercial fuses will not 
always break the circuits without damage in districts 
where provision has been made for a heating load. 
This also brings up the point about the earthing of the 
cases of ironclad fuses. I know it is very desirable, but 
I suppose it is really due to the inadequacy of the 
internal arrangements that most mains engineers have 
a distinct dislike to it. Mr. Munro’s experience with 
C.T.S. cables appears to be more happy than some 
people’s. I would advise anyone contemplating the 
use of such cables to get samples of what they propose 
to use, bend them sharply, and expose them to the air 
for 3, 6 or 12 months. They should be examined from 
time to time during those periods and in many cases 
the results will be startling and instructive. Cracks 
which would otherwise not have appeared for two or 
three years are usually shown up in a few months. 
In lead-alloy systems it is a good thing to have joint 
boxes in a form which will not readily allow of amateur 
extensions. The wireless amateur is really becoming a 
danger. He thinks he is competent, little realizing that 
he is dealing with circuits in which short-circuit currents 
of 2 000 to 3 000 amperes are possible. The question of 
earthing is also bound up with this short-circuit current. 
The wireless amateur’s idea of earthing is rather crude. 
We have examined comparatively large installations, 
and in looking for the earth wire found a single wire of 
about No. 20 S.W.G. An earth on that system might 
make the wire disappear with a flash and probably cause 
a fire. I was interested to hear of the zinc-impregnated 
conduit. In many cases- we want to put a conduit in 
a damp situation. Enamelled conduit is of no use and 
galvanized conduit is not satisfactory, so that impreg- 
nated conduit of this kind may be of great assistance 
in certain cases. The author mentions that it might be 


useful to have coloured conduit, to avoid so much . 


contrast at places where the surfaces have already been 
painted. I would also suggest that the wiremen would 
have to have strict instructions to keep their hands 
clean while doing this class of work. With reference to 
the earthing of branch switches, many years ago we 
were told by a Home Office inspector to earth all covers 
of tumbler switches in the generating station. We put 
substantial earth wires on all the covers but there were 
more accidents through people burning their fingers 


than ever before, and ultimately the earths were removed 
again. With the introduction of alternating current, 
however, we are inclined to earth the covers again, but 
although we have tried, we have not satisfied. ourselves 
that the modern tumbler switch will withstand it for 
any length of time. One or two modern makes of 
switches are definitely intended for earthing, but whether 
the insulation is sufficient remains to be seen. Per- 
sonally I prefer the cover and the knob to be of insulating 
material, but the difficulty is to get some material which 
will not break. 

Mr. I. Sclar : As we have not yet reached the stage 
of being able to do without wiring of some description 
for the purpose of connecting our various electrical 
accessories to the mains, and as the high cost of wiring 
is often blamed for preventing the adoption of electricity 
in the home, we must examine all methods whereby 
the cost of an installation can be lessened. When 
comparing costs we must, of course, take into account 
the ultimate service we are going to get, and the author 
proves conclusively that for a little extra cost the 
service can be very much increased. He also proves 
that the best ends are not served by cutting down the 
initial cost, and that such a policy will not give the 
results aimed at. I classify all systems of wiring into 
two groups, insulated and earthed; and the develop- 
ment of the various systems such as lead-alloy sheathing 
and conduit, which are earthed, and tough rubber and 
Maconite, etc., which are insulated, really depends on 
the question of which is the safer. There is no doubt 
that the insulated system'is the simpler to operate, 
though, as Mr. Munro has shown, it is not necessarily 
the cheaper ; but is it really the safer? I should like to 
hear a debate on the relative merits of insulated systems 
where no bonding is necessary, and the lead-alloy, 
conduit or similar systems where the continuity of the 
outer sheathing is a necessity. The various accessories 
are certainly more easily earthed with the earthed 
system, and this is an important stipulation of the very 
best wiring practice, but still this does not decisively 
prove that the earthed system is the safer in all respects, 
keeping in mind the average workmanship obtained in 
installation work. I agree with the author that owing 
to the non-elasticity of the lead the lead-alloy system 
is a difficult system to guarantee to be permanently 
continuously earthed, and the screwed method, which is 
particularly applicable to conduit, lends itself to more 
permanence, though, of course, a great deal depends on 
the workman carrying out the installation. The author 
mentions that there is a demand for a main switch and 
fuse board combined, and I agree with him, but very 
often the main switch is stipulated to be near the power 
entry, and this is often an inconvenient position for the 
distribution board. With regard to combined wiring, 
I have yet to be shown an economical and safe method 
of wiring for a light taking 40 watts and a radiator 
taking 2000 or 3000 watts, all off the same circuit, 
such wiring to comply with the 1.E.E. Wiring Regula- 
tions. I advocate separate wiring, and even separate 
fuse boards for lighting and heating, even though the 
rates are combined, and in a properly designed installa- 
tion the separate wiring will probably be found to be 
the best and cheapest. Comparative costs of installa- 
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tions are difficult to give, but we should educate the 
public to the uses of electricity and its advantages, so 
that the initial installation price will only be a secondary 
consideration, and thus the contractor will be able to 
install a properly designed installation to give the 
maximum service. I take it that the figures given on 
page 724 are for the wiring only. The wiring cost of 
an installation, exclusive of switches, etc., is only on an 
average about one-third of the final cost of the complete 
job, and the labour in the wiring about half the cost of 
the wiring itself, so that really the labour for wiring 
only would be about one-sixth of the total cost of the 
complete installation. In the worst case of an occupied, 
furnished house, the labour with conduit is 24 times 
that with C.T.S. cable, and therefore the price of the 
complete installation will be about 25 per cent more, 
assuming the cost of the material to be the same in both 
cases. However, the conduit system with its average 


of at least three or four wires contained in each tube, 


' would be considerably cheaper in material than the 
C.T.S. cable, grade for grade, and the probable extra 
final cost might not be more than 10 to 15 per cent. 
The occupied furnished house is the extreme case, and 
it could probably be shown that for a new house 
with access the conduit installation would be cheaper. 
It is often stated that where there are many circuits 
for heating and lighting, the conduit system is at 
a disadvantage, but I would suggest that very often 
the reverse is the case, and the one protective covering 
can be made to contain four or six wires, depending on 
the size of tube allowed. I suggest that the popularity 
of conduit is due to its mechanical strength and solidity, 
and not to its greater permanence or its being a better 
electrical job. It would be interesting if we conld 
arrive at a figure which would give us sume idea of the 
amount of damage done by nails or other careless 
handling of the other systems, which might have been 
prevented if these systems had had an added protection 
equal to that of conduit. In one housing scheme of 
over 400 lights carried out in lead-covered cable, 
we had about 30 faults due to nails and careless 
handling by workmen. I do not favour the conduit 
system so much from the point of view of extra 
mechanical strength in the conduit itself as from that 
of its rigidity and the possibility of attaching outlet 
boxes for switches, lights, etc., and the consequent 
extra firmness of the installation as a whole. The 
pipes and outlet boxes support each other in such a 
way that the actual amount of fixing required is much 
less than with the other, more flexible, systems. There 
is no doubt that there is much confusion regarding the 
various metals used for fuses. I think that some 
standardization of fuse-holders is necessary, and the 
screw type, as used on the Continent, would appear to 
be the solution. In this way we could have standard 
replacements, the fuse-holders being so designed, as 
regards the size of cartridge or thread, that it is im- 
possible to fit too large or too small a fuse. Such a 
principle would probably imply the use of separate 
fuse boards for heating and lighting, 5-ampere Edison 
screw fuse-holders being used for lighting circuits, and 
15-ampere Goliath Edison screw fuse-holders for heating 
circuits. The author suggests a method of comparing 
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prices at so much per cent of the cost of the building, 
but, although good, it often leads no further than the 
“ point ” method. He lays stress on the employment 
of registered contractors. If the best work is going to 
be carried out by such contractors I suggest that a 
uniform system should be employed when quoting for 
work, The Scottish mode of measurement, if used 
discriminately, suggests a good basis. It should be 
quite easy to prove to a client that a light with two 
controls is dearer than one with one control, and so 
on, and the suggested method takes all this into account, 
in addition to all the various switches and types, etc. 
The contracting industry suffers more from indis- 
criminate methods of costing and estimating, and too 
many simple methods of wiring, than anything else. 
Instead of educating the public to cheap wiring we 
should all concentrate on selling ‘‘service’’ and de- 
manding good permanent work, which only the skilled 
contractor is able to carry out. Then, and only then, 
shall we get stability, standardization, and lower in- 
stallation first costs, with the universal use of electricity 
and consequently cheaper electricity, while the reliable 
contractor whose aim is to benefit the adustuy as a 
whole will be given a fair chance. 

Mr. E. Seddon : At the foot of page 713 Mr. Munro 
says ‘‘ It follows that in many quite small installations 
there will be an a.c. pressure of 400 volts between 
terminals and switches.” I think that this statement 
requires some explanation. On page 714 reference is 
made to C.T.S. cable being buried in the plaster coating 
of brick walls. This practice is unsatisfactory, as the 
occupier of the house may at any time drive a nail 
through the cable when hanging pictures, etc. When 
such cable is used in this way it should be drawn through 
a length of pipe to provide the necessary mechanical 
protection where it is taken to a switch point. I am 
entirely in agreement with the author when he states 
that the heavy-gauge steel conduit installation represents 
the best practice. We have used this method of wiring 
in Edinburgh for many years and have found it entirely 
satisfactory. On page 718 the author shows the need 
for a range of combined switch and fuse distribution 
boxes. Such a combination would go far to complete 
the metal-clad installation which I think most of us 
desire to see adopted as standard practice. On page 721 
the author recommends double-pole switches and 2-pin 
plugs. In my opinion this should not be necessary if 
the wiring is carried out in a proper manner with the 
through circuit on the neutral pole. I think most 
supply undertakings are now earthing the neutral. In 
the case of Edinburgh the neutral connection of each 
transformer is solidly carthed at each substation. On 
the next page reference is made to lock-nuts in switch 
boxes. I consider this to be bad practice, as the nuts 
sometimes become loose and break continuity. All 
pipes should be screwed into the boxes. On page 726 
the author refers to rising mains in common stairs. The 
practice in Edinburgh is to run the service to the first 
and third floors in, say, a 4-story tenement. The author 
gives the impression that the first-floor consumer has to 
bring his wiring to the third floor, which is not the case. 

Mr. A. F. Stevenson : To carry on with the matter 
to which Mr. Seddon has referred, it seems to me that 
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this business of earthing sheathed systems depends on | 


who is going to do it. In designing a system one must 
consider not only the conditions but also the man who 
is going to carry out the work. There is nothing more 
dangerous than an earthed system improperly done. 
In a case which occurred in Scotland on the earthed- 
return system, the Mining Regulations called for double- 
pole switches and fuses. The fuse blew on the earth 
side, raising the potential of the whole of the earthed- 
return armour to 500 volts above earth, and a man was 
killed. When it is possible for such a thing to occur I 
think that the insulated system is not to be condemned. 
It is practically impossible to ensure that bonding and 
earthing is properly carried out; the cost of supervision 
and inspection would be far too heavy. The Liverpool 
Corporation have in hand 7000 houses with insulated 
wiring fixed on the brickwork partitions before the 
plastering is done. Mr. Munro says that the screwed- 
tube system is ideal, and if it is properly carried out I 
agree with him, but I should prefer the use of a certain 
compound insulation. In regard to the question of 
tariffs, ] have recently been much impressed by the bad 
effect of fixing, by the number of points installed, the 
amount which is to be paid for at the highest price. A 
friend of mine had his house wired fairly completely 
and lights were put wherever he might need them. The 
result was that, until representations were made to the 
supply undertaking, he had to pay at the high price for 
twice as much current as his neighbour consumed. I 
find that this seems to be the practice of supply under- 
takings; they get as much as they can, but if they find 
that people complain they accept less. Since the system 
is arranged on these lines, a man is inclined to wire his 
house very inadequately. I think that there is far too 
much elaboration in the wiring of houses, and very 
great precautions are taken against things which never 
happen. For instance, fittings which are going to be 
used in dry positions are earthed. We had in Uddingston 
a curious accident with a laundry iron. A girl went to 
put in a plug. She had her hand against a gas pipe 
and put her finger round the end of the plug to feel 
where the plug had to be inserted, and she received a 
shock at 230 volts a.c. and was killed. That set back 
the use of laundry irons for some time. That was a 
case of the use of bad accessories, and I cannot under- 
stand why manufacturers are still producing plugs 
without a reasonable shield. I think that this subject 
of wiring ought to receive more attention from the 
Institution. Wiring employs more men than all the 
rest of the industry, more money is spent on it, and the 


results of the wiring are far more vital to the Institution — 


than is anything else. 

Mr. D. Martin: Dealing first with the reasons for 
acceleration in the rate of progress of electric wiring for 
domestic use, it may be as well to visualize conditions 
as they are to-day. Generating plant in Britain is 
mainly used for the supply of current for industrial 
purposes. Between 80 and 90 per cent of the current 
so consumed is used during daylight. A typical load 
curve shows that there are two pronounced peaks, one 
about 11 a.m. and the other about 4 p.m. Expensive 
plant is installed to cope with these peak loads, but at 
other times itisidle. Take the concrete case of Glasgow, 
which, according to published figures, has a plant 


capacity of some 140 000 kW. Allowing, say, one set 
of 20 000 kW as spare plant, we get plant capable of 
generating current on an economical basis of some 
1051 200 000 kWh per annum, whereas we know from 
published figures that the consumption is in the neigh- 
bourhood of 300 million kWh. Thus the plant is only 
used to the extent of under 30 per cent of its useful 
maximum capacity. One result of this incomplete 
employment is that the standing arid on-cost charges 
bear very heavily upon the smaller number of units 
sold. An increase in the load outside the peak periods 
would lessen these charges in exact proportion to the 
units sold. The obvious remedy is to increase consump- 
tion, before (or after) and between the peak periods. 
In the 1926 Electricity Act railway and tramway 
electrification has been definitely excluded from the 
scope of operations covered by the Act. In doing so 
it has, no doubt unconsciously, deprived the new Elec- 
tricity Board of an excellent opportunity of levelling 
the peaks by means of these rush-hour loads. We are 
therefore forced to consider the domestic load, with a 
view to its increase, for example by cooking, heating 
and other loads of an off-peak nature. If the units 
consumed are doubled, then the standing and on-cost 
charges per unit become automatically reduced by 
50 per cent. The next problem is the provision of 
adequate wiring conveniences. The paper focuses atten- 
tion on this important subject. Data indicate that the 
majority of the better-class houses are already wired, at 
least for electric light. There are still an enormous 
number of middle-class and workmen’s dwellings to be 
wired. What is retarding progress? Undoubtedly it 
is the cost of installation. For that reason it is in- 
cumbent upon all of us to reduce these costs not only 
for electricity but also for wiring. In this connection 
I may cite the simple example of shipping in the purchase 
of hawsers. We all know that we can buy a hemp rope 
to stand the same strain as a steel rope, yet, for the 
same duty, we know that the steel rope is dearer than 
the hemp.’ Both are equally suitable, however, and 
each has its uses. Similarly with wiring systems—each 
has its advantages under certain conditions. Wood 
casing could be worked into a scheme for the interior 
lighting of some of our old cathedrals, but who would 
ever dream of doing so? The same remarks apply to 
steel conduit. What is more suitable than the C.T.S. 
or compound system which, on account of its flexjbility, 


‘can be tucked away and installed to follow the lines of 


sculptural work in the easiest manner possible? Previous 
speakers have referred to the advantages of the metal- 
clad system, mainly from the safety point of view. I 
am an advocate of the metal-clad enclosure where 
dangerous voltages are likely to be encountered, e.g. 
switchgear on the e.h.t. system. I also agree that 
portable gear such as radiators, cookers, flat irons and 
the like, should be earthed, but the wiring system up 
to the plug points is quite a different matter. There 
are no live conductors exposed, and in the vast majority 
of cases the conductors are concealed behind plaster. 
Even without such concealment, as in surface work, it 
is impossible to puncture the tough-rubber-compounded 
or C.T.S. cable with the fingers. To do so wilfully with a 
knife is tantamount to putting one’s fingers into the fire. 
No one in his senses would do so, probably because he has 
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been educated from infancy to treat it with respect. Why 
should not similar education be employed with respect 
to electricity? In this attitude of mind to metal-clad 
systems, are we not carrying the process too far? The 
domestic consumer’s voltage is considered to be safe 
for the normal person. Why, then, try to make it 
foolproof? In the Navy it is not considered necessary 
to armour-plate all the Fleet; yet every vessel in action 
is liable to be pierced by a shell. Certain risks have to 
be taken. Similarly with wiring; why armour-plate 
every part of the system when there is less necessity to 
do so? In an insulated system we protect against 
leakage of current. The addition of the cab-tyre 
sheathing has been found to be quite effective for 
trailing cables for use in mines, chemical works, and 
similar difficult positions. It is the recognized standard 
for such work. Why, therefore, is it not considered 
suitable for domestic. use, where the conditions are not 
nearly so severe? Fears have been expressed that nails 
may be driven into it, but is it usual for wires to be 
fixed all over a wall where pictures are likely to be 
hung? On page 714 the author is in doubt about the 
effect of plaster on C.T.S. cables. Experience over a 
number of years shows that it has no deleterious effect. 
On page 717 he says that moisture reacts directly on 
rubber, but this is hardly correct; there is no better 
preservative of rubber than water. He is no doubt 
referring to the electrolytic action which develops if 
moisture gets into a conduit system. On page 724 the 
author states that a screwed-conduit system is 20 per 
cent cheaper than the C.T.S., Maconite or lead-alloy 
systems. I do not agree, and I submit the following 
figures based on current wholesale prices and assuming 
a 7-vard run in both: cases :— 

For vulcanized-rubber cable in screwed and enamelled 
steel conduit of § in. diameter the cost of material 
alone would be:— 


Ss. d. 
20 ft. of 8-in. conduit .. E .. 2 0 
lbend .. ci gi isi ES 3:4 
2 boxes, for switch and ceiling rose .. 2 1 


15 yards 3/0 -029 in. single-core vulcan- 
izcd-rubber cable at 2-76d.per yard.. 


Total ee tt .. 7 9:8 


Oo 
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For C.T.S. cable clipped to conform with 1.E.E. 
Wiring Regulations (8th edition) :— 


7 yards 3/0-029 in. twin-core C.T.S. s a. 


cable at 7:-68d. per yard .. .. 4 5:76 
2 wood blocks for ceiling rose and 
switch a ais pi ss 5 
Total .. ‘6 .. 4 10°76 


The difference is thus 2s. 11-04d. in favour of C.T.S. 
cable. This means that the material for a C.T.S. job is 
40 per cent cheaper than that for a job done with vul- 
canized-rubber cable in conduit. Even assuming that 
cast-iron boxes are used with the C.T.S. system, as the 
author has done, the price is still 17 per cent lower 
than that for the conduit job, but with an insulated 
system cast-iron boxes are not called for, though they 
are necessary on a conduit job. Unfortunately, the 
author gives no indication of how he arrives at his 
figures. That makes it very difficult to discover the 
reason for his bald statement that the conduit system 
is 20 per cent cheaper than the C.T.S., Matonite or 
lead-alloy systems. I think that we are entitled to 
proof of some sort. The author’s own figures in Table 2 
confirm that the C.T.S. or compound system is very 
much cheaper than the conduit can ever be. When 
dealing with plugs on page 729 the author makes no 
mention of the metal-shrouded plug, whcre the metal 
shroud is made to take the place of the third or earth 
pin, as in the earlier form of the hard-wood variety. 
It is a type now in common use, and for that reason 
alone it deserved mention in a paper of this nature. 
If this type of plug had been in use in the case mentioned 
by Mr. Stevenson there would have been no fatality to 
regret to-day. With the addition of a screwed ring, the 
same plug is now much used for hanging fittings from 
the ceilings, one advantage being that the housewife 
can remove the .whole fitting to the floor-level for 
cleaning purposes, without having to call a trades- 
man in. 


[Mr. Munro’s reply to this discussion will be found 
on page 782.] 


EAST MIDLAND SUB-CENTRE, AT NOTTINGHAM, 6TH DECEMBER, 1927. 


Mr. F. W. Campbell : 1 think that contractors 
would be very wise to adopt the policy of America 
and make more use of portable electrical apparatus, as, 
owing to the increasing cost of labour, a substantial 
saving can be effected by the use of portable electric 
chisels, drills, saws and other apparatus on the market. 
I find that where a portable tool has once been used it 
is never discarded and is generally the forerunner of 
further apparatus of the same nature. The description 
of the wiring of some steel houses in Glasgow where the 
wiring was assembled in a workshop before erection is 
interesting. There is a case in Nottingham where this 
idea was put into practice, the conduit being bent, 
screwed and cut to required lengths before being sent 
on the site. Mr. Munro has endeavoured to show that 


the steel-conduit system is superior to other wiring 
systems and should be adopted as the standard system 
for house wiring. I do not agree with him. I think 
that other surface wiring systems will increase in pupu- 
larity for the wiring of small houses because of the 
lower labour cost, neat appearance and reliability. The 
Maconite system is not ideal, according to the author, 
because it is a non-conducting sheath linking up a 
number of conducting accessories, but electrical con- 
tinuity of conduit installations rarely exists in practice. 
If a test were taken on a large number of various conduit 
installations it would be found that about 50 per cent 
were not electrically continuous throughout, so that the 
chief advantage claimed for the conduit system over 
the insulated system is problematical. I think that 
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instead of arranging for switch boxes, ceiling-rose boxes 
and switch covers to be earthed, it is far more important 
to insist that all portable apparatus be earthed. Such 
apparatus is necessarily handled in normal use, par- 
ticularly an electric iron, which is more in use than any 
other domestic electrical apparatus. Electric irons are 
sold complete with twin flexible cord and a lampholder 
adaptor, but it is impossible to purchase an iron with 
provision for earthing. These facts are not consistent 
with the safe use of electrical apparatus and the I.E.E. 
Wiring Regulations. The Maconite system is par- 
.ticularly useful in the case of houses which are decorated 
and furnished, as no damage is incurred by decorations 
and the work presents a neat appearance when finished. 
In the past wiremen have had much more experience 
of the conduit system than of any other, which enables 
them to make a neater job than their first attempt -at 
a lead-covered or Maconite installation would be. There 
‘are cases where a lead-covered installation has been 
entirely spoilt owing to lack of care and experience on 
the part of the wireman. It is most essential for surface 
-wiring- to have more frequent fixings than conduit. 
The fixings are usually very small screws requiring a 
large number of small plugged holes. There is therefore 
a tendency to skip some of the fixings, which entirely 
‘spoils the appearance of the work. This alone has been 
responsible for bringing surface wiring into ill favour, 
but it is a handicap which will rapidly disappear as more 
experience is obtained -with surface wiring systems. 

Mr. B. Starling : With reference to screwed steel 
‘tube, if the installation is properly coupled up and 
screwed together with not less than 10 threads this will 
give the required continuity, since when the dies have 
‘been run down the tube the threads are clean and are 
bound to make contact with the coupling. If the whole 
conduit system be earthed to a rising water main and 
if each switch plug where portable apparatus is installed 
is connected up by 3-wire flexible cable, the apparatus 
thereby being earthed to the conduit system, a safer 
and more lasting job is obtained. Switch manufacturers 
at the present time are making switches with the dolly 


Pivot point earthed by means of the fixing screw which 
‘ secures the switch to the iron box. This ensures that 


the switch dolly is also earthed. I see no reason why 
the same method could not be adopted tor surface 
switches. I feel that a great deal of trouble will have 
to be encountered before the insulated system will be 
of much practical use. Since it is essential that every 
part of the installation should be coated with an insu- 
lating compound I fail to see how such apparatus as 
hot-plates, irons, radiators, fan motors, etc., can be used 
under these conditions. With regard to the earthing 
of irons, etc., it is quite an inexpensive job to fit a 
small spring clip to the side of the sheath of the plug 
and connect it to earth by means of 3-core flexible cable. 

Mr. D. R. F. Milner: I do not agree with Mr. 
Munro that C.T.S. or Maconite should be buried under 
plaster without further protection, at least not in 
positions where nails are likely to be driven for picture- 
hanging or other purposes. Some form of steel channel 
covering should protect the cable in such positions. 
Slightly smearing the conductors with Chatterton com- 
pound would not prove very effective in preventing 


water from creeping along the strands. It occurs to 
me that Maconite cable has a distinct advantage in 
this respect over other types, due to the fact that the 
dielectric is forced on to the conductor at a very high 
pressure, with the result that the spaces down which 
water can creep are greatly reduced. I am inclined to 
disagree with the statement that C.T.S. cable is not 
aftected by time, if by “ time ” is meant normal condi- 
tions of service. I am pleased that the author lays 
particular stress on the necessity for adequate bonding 
and earthing on lead-covered systems. Cable manu- 
facturers, realizing the weakness of such systems in this 
respect, have now designed a cable in which a copper 
earth wire in contact with the lead is incorporated in 
the cable; this is certainly a distinct advance and 
overcomes weaknesses of the bonding arrangement 
necessary with such systems. With.regard to Table 2, 
I see no reason why in the case of systems “‘ B,? “C” 
and “ D ” the labour cost in the case of the semi-finished 
house should exceed that for the finished, unfurnished 
house. I should imagine that the reverse would be 
the case—so much of the labour being usually expended 
in removing floor boards or replacing plaster, in addition 
to the fact that on finished premises extra care has to 
be taken in plugging and cutting away. In considering 
the merits of earthed and unearthed systems, the author 
overlooks the fact that with unearthed systems it is 
now possible to obtain joint boxes, switches, lamp- 
holders, etc., which are encased in non-conducting 
material; even distribution fuse-boards as used in small 
house wiring are housed in a wood case. Such fittings 
do not require earthing. With regard to fires and por- 
table appliances, these are in any case seldom earthed. 
I would suggest that such an unearthed system 
is preferable to one in which earthing is a necessity, 
particularly in view of the author’s remarks as to the 
necessity of maintaining the continuity of the earth 
system. The serious objection to earthed systems, which 
I do not think the author. stressed, is the fact that 
whilst a disconnection in a live conductor is immediately 
apparent, a failure in the continuity of the earthing 
system may lie undetected for years and at the moment 
the insulation fails and the earth return should function 
we may have a length of lead covering charged to a 
dangerous potential, a very serious matter in dwelling 
houses. A particular feature of the so-called surface- 
wiring systems, whether lead-covered, C.T.S. or Ma- 
conite, is accessibility. In these progressive days when 
new electrical devices are constantly being placed on 
the market, extensions of wiring systems are frequent 
and I consider that it should be placed to the credit of 
such systems that extensions or alterations can be made 
with a minimum of labour and expense. | 

Mr. J. F. Driver: Mr. Munro's paper should have 
been read 10 years ago. The present trouble is that 
there are thousands of houses being built in this country ' 
which are unsatisfactorily and inadequately wired. 
When we consider the rapid increase in the domestic. 
applications of electricity, it is obvious that the arrange- 
ments made in many new houses for electrical appliances 
are simply deplorable. 1 feel that architects should be 
made alive to the fact that there is such a thing as 
electricity, and they should see to it that the wiring of 
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new houses is adequate. I favour the number of points 
provided in Prof. Parker Smith’s house, rather than the 
usual number. Experience shows that sooner or later a 
number of plugs are required simultaneously, and I 
cannot conceive anything more annoying than to have 
to disconnect, say, a toaster, in order to plug in a kettle. 
Supply engineers should encourage the wiring of at 
least two 15-ampere and two 5-ampere plugs per room. 
I am not in favour of the conduit system. I feel that, 
unless it is installed by conscientious workmen, abrasions 
of the cable may lead to considerable trouble. We 
talk very proudly of a fully-earthed conduit system, 
but I should like to know how many houses have a 
fully-earthed system. <A few years ago I was engaged 
in wiring a fairly large residential hall, and I had the 


work carried out in screwed conduit. The metal covers : 


of all switches were earthed. The result is that, in 
the event of a fault, a fairly serious burn-out occurs. 
I have come to the conclusion that it is better to have 
an entirely insulated system with the whole of the 
switchgear, including the main switch, in insulating 
cases. Tumbler switches with porcelain covers may not 
be satisfactory, but other insulating materials are 
successful, and I have often wondered whether or not 
vitrified enamel on a metal cover would be satis- 
factory. Experience shows that vitrified enamel as 
used on domestic saucepans will stand an exceedingly 
good flash test. The question of the 3-pin plug always 
crops up. As a previous speaker has pointed out, I 
have yet to see an electric iron which is equipped with 
anything more than a 2-pin plug. I am also waiting 
to see a flexible cable that I dare trust. All flexibles 
give out sooner or later, and if they have an earthed 
wire running to a 3-pin plug it simply means that there 
is a bigger flare-up than ever when the flexible fails. 
One maker supplies asbestos-covered flexible cable con- 
taining a proportion of steel wire. The asbestos is 
good, but 1 do not think the steel helps in the least. 
One method of ensuring safety with electric irons, 
particularly in laundries, is to arrange for the irons to 
be placed on earthed stands when not actually being 
used; then, in the event of an iron being earthed and 
eventually becoming alive, the local fuse will blow 
immediately the iron is placed on the stand. I agree 
that more should be done with regard to the periodical 
inspection of buildings, and also that the first inspection 
of a new equipment should be much more critical than 
at present. Some little time ago I visited a hotel and 
found that the wiring to an electric lighting fitting on 
the main staircase newel was carried out with the red 
and black flexible cord made and sold for use with 
wireless loud-speakers. Obviously this piece of wiring 
was the work of an amateur. In the bedroom that I 
occupied a lamp flexible cord had been looped across 


the wall on to a hook, and in one place the rubber’ 
‘insulation had perished and for about an inch the 


rubber on one cable had completely broken away, 
showing the bare copper. At the present time little or 
no provision is made for the reception of the wiring in 
most buildings. I suggest that accessible ducts for 
carrying all cables should be incorporated in the design. 
Such ducts would give greater safety and would allow 
for future extensions to the wiring scheme. 

Mr. R. C. Woods: If l in. plaster were provided it 


would be unnecessary to channel the brickwork. Cases 
have been known where 3 in. piping has been grooved 
into the wall to half its depth and the plasterer has 
then used a thinner plaster coat level with the tubing. 
It appears to be a common local practice to sub-contract 
for plastering on an area basis, and if the plasterer can 
save on material he is in pocket. Plastering is a close 
trade and, though persistence will correct matters, the 
usual attitude is one of a grudging ‘‘ skim over.” This 
is really a matter for the architect, but the electrical 
contractor may be blamed: perhaps a year after for a 
plastering defect not immediately obvious. I think 
that most of us will agree that the architect can do 
much to aid electricity, particularly in designing the 
building for night as well as day illumination and 
advising on the placing of fitments. Inspection of 
installations is very necessary, but one can hardly look 
forward with pleasure to additions to the ranks of 
officialdom. Also, the best of inspections may be 
nullified by a scamping workman who knows his job 
sufficiently well. Some little time ago I had the oppor- 
tunity of seeing a house on which an electrical con- 
tractor of high repute had been employed. Screwed 
conduit was used and at one point on the first floor 
there was a rise in level of a foot, and an awkward 
bend. The difficulty had been overcome by omitting 
the conduit at the turn and rise, not even ferrules 
having been used. One side had already been floored 
in and the other side was almost complete when it was 
seen, yet doubtless that installation would have passed 
a test satisfactorily. Recently I have been tracing 
disturbance from the a.c. house supply with the wireless 
installation. The system was grip conduit excellently 
done and the insulation was quite satisfactory. Finally 
it was found that the system had not been earthed, as 
the disposition of the house made this difficult. Mr. 
Munro refers to the architect providing a-place for 
meters, etc. Unfortunately, there is a tendency for the 
supplier to regard these as something to be proud of 
and to display, in spite of the designer’s intentions. 
Ring supply for power, with a cut-out associated with 
each plug, appears to be a sound proposition for certain 
types of houses, and possibly would be particularly adapt- 
able to the bungalow. I should like to ask the author 
whether he knows of a suitable cut-out which can be 
accessibly housed without being ugly or too conspicuous. 

Mr. S. H. Lee: Mr. Munro is obviously in favour 
of the screwed-conduit system and suggests that if 
this were made standard the cost of installation would 
be reduced. Do changes of temperature cause moisture 
to form in the pipe, and, if so, does this not harm the 
insulation? If itis thought advisable to run vulcanized- 
rubber cable in porcelain cleats on the surface, to be 
consistent when it is run in iron pipes should not the 
inside of the pipes be insulated? Why should a metal 
sheath be placed round the cable and thus make it 
easy to go to earth with consequent sparking? Is it 
consistent to put cables in iron tubes and then finish 
them behind a teak fuse-board as is the usual practice ? 
To what extent has the author used C.T.S. cables for 
house wiring, and what are his principal objections to 
its use for this purpose ? 


_ [Mr. Munro's reply to this discussion will be found 
on page 782.] 
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Mr. J. Frith: The title of Mr. Munro's paper 
should not refer to wiring for small houses, as the 
paper is mostly concerned with arguments for the 
standard screwed steel tube, ironclad, job, whereas in 
small and cheap houses something cheaper than the 
best is called for. Surely the cost and probable life of 
a building should inftuence the class of wiring adopted. 
In a building costing many thousands of pounds and 
expected to last hundreds of years, only the best and 
most enduring wiring system should be used and this 
should be adapted for replacement of the actual con- 
ductors. For houses of £500 to £1 000 first cost, intended 
to last only a few years, however, something cheap is 
required, to compete with gas. Although gas is much 
more dangerous to life and the fire risk is greater, gas 
Pipes are zigzagged across walls and fastened by pipe 
hooks, and are buried in plaster through which nails 


‘can be driven, or are run under boards where they are 


exposed to the attacks of rats. To compete with this 
we are asked to use first-class cables tested at a pressure 
of 2000 volts after 24 hours’ immersion in water and 
encased in everlasting screwed steel tubes which must 
be kept out of sight at great expense. We certainly 
had a right to expect something more of an innovation 
than screwed steel tube and iron outlet boxes. The 
situation demands more originality. We had hoped for 
a new surface system, some more favourable mention of 
the coloured flexible cables on bobbin insulators of the 
Swiss hotel, or at least a reasoned approval of open- 


jointed tube work. The Maconite system is examined, 


approved and left. Why this dread of showing any wires ? 
One does not sink one’s picture cords behind the wall 
paper. Having adopted a non-metallic surface system 
it only remains to avoid earthing by the use of switches 
and lampholders of insulating material, excellent ex- 
amples of which have recently appeared. 

Mr. H. C. Crews: The cab-tyre or hard-rubber 
sheathed system offers many advantages. As far back 
as 20 years ago I had a house wired in which it was 
partly buried in the plaster, and we have only had one 
fault. This was due fo a nail being driven into a 
socket wire some 10 years after it was installed, but 
after a trifling repair the installation has been good for 
another 10 years. My only objection to C.T.S. cable 
is that it is apt to break at the corners if rather sharp 
bends are used. If damp then gets into it, deterioration 
occurs. I have not so far very much experience of 
Maconite, but it seems to have advantages over the 
C.T.S. system in that it is homogeneous and that corro- 
sion will not creep in along the wires. I should, however, 
like to issue a word of warning against putting nails 
through the centre fillet of twin wiring, because we 
have had many cases where nails have been turned and 
so pierced the cable. It is better to use spring clips to 
hold wood mouldings. Though most electrical engineers 
agree that the screwed-conduit system is the best to-day, 
L think that it will not be so in the future and that its 
safety is largely dependent upon the use of earth wires. 
On a recent occasion in the course of some alterations 
on the top floor of a building.a man stepped on a 


screwed-conduit system and received a severe shock. 
On examination the earth wire was found to be broken 
and this wire in a steel-conduit system is the only thing 
that protects people from shock in the event of even a 
small fault. In the grip-conduit and all similar installa- 
tions there is serious practical difficulty in keeping out 
the damp. I recently purchased a house which had 
been wired in this manner only three years before. 
Damp had got in, probably before the roof was.on or 
the windows put in. Ends of wires, switch contacts, 
etc., were corroded and there were similar troubles which 
necessitated nearly all the fittings being changed. It 
is almost impossible to keep damp from a grip-joint 
tubing job in new buildings and, particularly, small 
houses. The power wiring of this house was also done 
in that ridiculous manner which assumes that the 
proper size of wiring to use should be based upon the 
maximum carrying capacity. The Institution ought to : 
make a point of the fact that not maximum carrying 
capacity but pressure-drop is the main point to be 
considered. The old rule of 1000 amperes per sq. in. 
section of copper is a far better guide for proper sizes 
of wiring and in my opinion ought still to be insisted 
on as a minimum. Mr. Munro refers to the difficulty 
of getting conduits in anything but a black enamel 
finish, and makes the suggestion, with which 1 agree, 
that at least one other colour, say grey, should be 
issued by the makers. Black does not blend with any 
of the modern decorations and for necessary surface 
work a less conspicuous colour than black would be 
preferable. Quick-make as well as quick-break switches 
are satisfactory for small currents, but I do not like 
them for heavy currents. A little while ago it was 
reported to me that a consumer could not get any 
light on his small installation, and on inspection I 
found that the switch had only been pushed half on. 
It was not a quick-make switch. For heavy currents 
springs for quick make are rarely strong enough to 
ensure good and firm contacts being used. I disagree 
with the author as to copper for fuse wires. I think 
that the usual small No. 38 or 40 S.W.G. wire is too 
fine and weak mechanically for use with mass-production, 
sharp-edge screw contacts on lighting sub-circuits. For 
larger circuits copper fuse wire gets too hot when carry- 
ing about half its fusing current, and for that reason I 
prefer bimetallic wire. On the whole I agree that the 
screwed-conduit job is at present the best, but I believe 
in the all-insulated system. There is even now but 
little difficulty in having everything insulated, fibre 
conduit for mains, Maconite wiring, bakelite accessories, 
vitreous enamel finish for radiators, etc. I agree with 
the author in regard to ring mains, even for houses, - 
with a few sockets for fires, etc. For private-plant 
installations of moderate sizes I generally specify a. 
ring main and thus have the advantage of all the copper 
all the time in maintaining a good pressure. I think 
that in the future it is the power and heating load in 
the house that is going to help the industry. In my 
own house, for instance, which is what the author calls 
a 10-roomed house, with three people at home and a 
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maid, at this time of year we average only 1 unit per 
day for lighting but at least 10 units per day for heating, 
etc. This is: without electric cooking, as we are not 
fortunate enough to be on a Norwich system. As the 
large majority of small houses use electricity only for 
lighting, my example shows the minimum 10-fold con- 
sumption possible with an attractive tariff. In conclu- 
sion I predict that the ring main and all-insulated 
system will be the best equipment of the future for the 
electric house. 

Mr. J. H. Evans: lt is not a question of how to 
wire a house, or commercial building, that we have to 
consider to-day, but how to avoid the bottom price. 
The first thing an architect, builder or householder will 
ask is “ How much a point will it cost?’’, and we must 
discuss Mr. Munro’s paper from that standpoint. I was 


pleased to note that the author referred to the merits : 


of wood casing. I started with wood casing a very 
long time ago and I still regard it as the best job. I 
do not agree with the author when he suggests that it 
is too expensive to use, and I conscientiously ask archi- 
tects to give it consideration even in the ferro-concrete 
structures. . It provides a channel which can be opened 
out at any time. What other system provides that 
facility? Wood casing got a bad name because in the 
«early days of this century contractors were allowed to 
bunch their circuits into single grooves, and that is 
where the trouble began. If they had persisted in the 
early methods that trouble would not have arisen. 
Steel conduit came next. First close-joint piping was 
used, then brazed piping, then welded piping and 
finally solid, galvanized piping. The principal virtue of 
the pipe system is the method employed for finishing 
off the terminal points. A wireman never has any 
sharp, workmanlike tools to work with, and the only 
remedy is to provide him with screwed boxes, screwed 
glands, and screwed cheeks to his fuse board in order 
to make a conduit system worthy of being attached to 
a building. I do not like tough-rubber-sheathed cable, 
as it offers too many opportunities to workmen to twist 
it into every conceivable shape. The number of acces- 
sories at the present day is far too large. I maintain 
that all accessories such as switches, switch covers, 
lampholders, etc., should be simplified, and when that 
is done the cost of installation will fall. Fuse boards 
also are too elaborate. If they could be simplified to 
such an extent that contractors could build them on a 
sort of service system and multiply the number. of 
fuse-ways in accordance with the requirements, it would 
be very satisfactory. 

Mr. J. L. Carr : One point which has not yet been 
raised is the relation between the cost of a wiring job 
for lighting and the cost of supplying current for the 
installation. In an undertaking like Manchester one 
can say that the average annual capital cost per kW 
of maximum demand at the station will be approximately 
£4. In an ordinary house-wiring job, reducing the 
capital charges to an annual basis, the figure would be 
something like £10 per kW of maximum demand at 
the station, giving a ratio of about 1 to 24. The develop- 
ment of domestic electricity supply is dependent upon 
that proportion being reduced. It is not the price of 
current that is going to limit the demand for electricity 
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in the future, but the cost of the installation. I recently 
read a statement in an American periodical to the 
effect that screwed conduit was condemned as a bad 
engineering job, because too much material was used 
for the purpose for which it was intended. Climatic 
conditions in the United States may not favour the use 
of some of the light surface systems we employ here, 
but a system was described which consisted of rubber 
cables armoured with flexible metallic sheathing, some- 
what similar to the ordinary flexible tube used on gas 
pipes and vacuum cleaners, the result being that the 
conductor was of small overall dimensions and could 
easily be sunk in a shallow groove in the wall and 
plastered over. The wire had a fairly good metallic 
protection, and bends could be negotiated without 
difficulty. Small house-wiring jobs, if there are to be 
rapid developments. in the future, must be carried out 
on some cheaper system than the screwed-conduit 
system, although the latter is undoubtedly the best job 
for any installation. In the early part of the paper 
Mr. Munro refers to a supply voltage of 400 being 
brought into a house, but I consider that in small 
houses the provision of a 400-volt supply is to be strongly 
condemned. The diversity of the domestic load is very 
considerable, and even in a house of moderate size, 
where there is a considerable amount of apparatus 
installed, the demand rarely exceeds 30 or 40 amperes, 
and this does not, in the ordinary course, necessitate 
more than one phase or outer wire being brought in. 
One of the great obstacles in the way of cutting of 
prices is due to the fact that the prospective consumer, 
when he wishes to extend his wiring, does not really 
know what he wants. He realizes that he requires so 
many lights and so many plugs, but he does not know 
what size of plugs to get or what sort of wiring is necessary 
or advisable. He goes to two or three contractors and 
says, ‘‘I want some heating plugs in my house; will 
you give me a quotation? ’’ One man will quote for a 
good job with 15-ampere switch-plugs and suitable 
cable; while another will quote for 10-ampere plugs 
and probably looped circuits, on which the consumer 
could only use 2-kW radiators. The layman cannot 
discriminate between the quotations, and accepts the 
lowest quotation, with the result that he probably gets 
an unsatisfactory job. Supply undertakings could do 
much more than they do at present to assist consumers 
in deciding what they really want, and some system of 
draft specifications, stipulating a minimum size of 
switch-plug and wire, would tend to much better 
practice. A specification drawn up by some responsible 
body such as the I.M.E.A. would probably contribute 
to the adoption of a national system which would 
ultimately lead to standardization. I do not agree with 
the author in his remarks regarding ironclad combination 
switch-fuses. The existing regulations are much too 
lenient in the requirements for fuses in respect of short- 
circuit currents, and, with probably one exception, there 
is no re-wireable fuse on the market which will stand 
up to anything like a severe short-circuit. I say this 
after having carried out tests on a very considerable 
number. The only type of fuse to be recommended for 
domestic purposes is the safety cartridge type which is 
manufactured not only in Germany but by at least 
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two firms in this country. It will withstand very severe 
conditions, and is silent in operation. I look forward 
to the time when a considerable amount of damage 
done to apparatus and installations will be obviated by 
the general adoption of this kind of fuse. 

Mr. A. H. Fay: The new apparatus which is con- 
stantly being introduced, particularly in connection 
with switchgear, calls for attention on the part of the 
installation engineer. Mr. Munro contemplates the 
time when alternating current at 230 volts will be 
standard. That, of course, will tend to reduce prices 
and gradually we shall reach a system of standardization. 
Referring to the C.T.S. system, in quite a number of 
cases in the early days wires (used for test purposes) 
broke inside the sheathing and gave false results. The 
soldering of bonds, recommended in the I.E.E. Wiring 
Regulations, is, as the author remarked, rarely used as 
a means of obtaining continuity. I have never seen 
zinc conduit in use in this country except for bell and 
telephone work. :The- author, whilst -placing “his faith 
largely in the screwed-conduit system, more or less 
deprecates the “ grip ” system, but I think, and I know 


that.many. will. agree:with..me,.that the“ grip '”. system : 


properly installed, provided that care is taken to clean 
off the enamel, still has a useful field. I am a supporter 
of the all-insulated system. We can protect ourselves 
in the case of radiators in bathrooms, but there is no 
If we fix 
3-pin plugs in the bathroom and 3-core flexible cables 
on the radiators and portable appliances, the earthing 
pin can be idle in the dining-room and drawing-room, 
but active in the bathroom and kitchen where there is 
likely to be contact with the bath, the cooker, or any 
other fitting which is of a conducting nature. The 
same degree of safety will be obtained and the costs 
will be cut down very considerably. On the question 
of skirting boards the author suggests a clear space of 
# in., but I have never yet seen a plasterer who was so 
careful as to keep a regular space between the skirting 
boards. He simply puts the plaster on and that means 
that it is nearly always necessary to channel the place 
out before any wire or tube can be inserted. Another 
matter on which I do not agree with the author is in 
regard to the question of outlets at the fireplaces. I 
have yet to see a fireplace member which has the 
features mentioned. There may be some, but I cannot 
grasp the author’s point when he says that outlets 
might be provided on the near side of the fireplace 
member. I have measured one or two and I find that 
none is more than 1¿ in. from the tiling to the front 
of the fireplace member, and I fail to see how the 
author’s ideas can be put into practice. The author 
mentions that the use of 3/-029 and 3/-036 cables 
has become fairly general, but in the I.E.E. Wiring 
Regulations the maximum current is given.as 7:8 am- 
peres for the former and 12 amperes for the latter. 
He says that these sizes have become standard, but 
they are not common in Manchester, at least for lighting 
work, and installations could not be carried out at the 
price. I think Mr. Evans will support me in saying 
that most lighting work here is done with § in. tubing 
and some modified system of looping. The author 
mentions that distinct fuse boards would be an advan- 
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tage, and I quite agree. If we do not have distinct 
fuse boards we shall have a repetition of the cases 
where a consumer inadvertently puts the radiator on to 
his lighting board (assuming that both plugs are the 
same pattern) and blows the fuse. He then puts a 
larger fuse in, and all this on the lighting circuit! 
Separate systems.and non-interchangeability of plugs 
are advisable. I am very glad that the author advocates 
the entrusting of installation work to contractors on 
the National Register of Electrical Installation Con- 
tractors, which we in Manchester have done our best to 
support. Manchester has a system of its own which 
has been in vogue for 20 years and has been followed by 
other towns, and I suggest that the National Register 
of to-day is the outcome of Manchester’s primary effort . 
many years ago. 

Mr. W. A. Gillott: The installation of electric 
wiring in a building is essentially the commencement 
of the use of electrical appliances, therefore it is desirable 


“to proceed upon the right lines and make every endeavour 


to ensure that the installation is not “* skimped ” but 
that a reasonable’ quantity of plug points, both power 
and lighting, are:included. : Mr., Munro's -paper covers 
practically all the well-known wiring systems, but I 
shall confine my remarks mainly to the C.T.S. system. 
On page 714 the author refers to the liveliness of C.T.S. 


cable and its need for the close proximity of clips; in 


the case of single C.T.S. cable this is so, but with twin 
or 3-core cable—even in the smaller sizes used for 
lighting—sagging is not serious if a little care is taken, 
when installing it, to pull it taut before finally fixing . 
In certain cases a neat wooden casing may 
be used, if desired, to prevent the possibility of the 
wires becoming deranged at a later date by the decora- 
tors. I can confirm the author’s remark that C.T.S. 
cable is unaffected by plaster. There are several in- 
stallations in which C.T.S. cable of the original manu- 
facture was installed from 10 to 14 years ago and buried 
in Keene’s cement, which is more corrosive than plaster, 
and is still in good condition. The action of the sun 
does not affect the original C.T.S. cable; in tropical 
countries where it has been employed for many years, 
even in salt-laden atmosphere, it is standing up to 
severe conditions with success. On page 717 the author 
refers to rubber compound insulation being unreliable 
after 20 to 30 years. I do not know whether I have 
misunderstood his remarks, but I am informed that the 
first C.T.S. cable was made in 1911, and therefore its 
life cannot yet be stated. This first length of C.T.S. 
cable made by the patentees was designed for use as a 
trailing cable for an electric coal-cutter and is still in 
daily use. During the past 17 years it has been dragged 
up and down the coal face, over rough stones, trodden 
upon and subjected to really severe treatment, and must 
have travelled hundreds of.miles. That no faults have 
yet developed is a strong testimony to the toughness 
of the sheathing. The piece of the original C.T.S. cable 
which I shall now hand round to the meeting for in- 
spection is approximately 25 years old and does not 
show the slightest sign of deterioration; it is still flexible, 
yet tough, and is of a similar mix to that used in the 
making of C.T.S. cables to-day. From: casual observa- 
tion it is evident that C.T.S. cable of this manufacture 
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will outlast by a considerable time many of the vul- 
canized-rubber lead-covered cables used' for internal 
wiring. Reference is made on page 723 to the non- 
conducting sheathing linking up conducting accessories. 
It is recognized that a fully insulated system is to be 
preferred and I believe that the specialists of the C.T.S. 
system are investigating the matter with a view to 
producing a complete range of insulated accessories. 
In the comparison of costs, the C.T.S. system is shown 
to be the cheapest to install, and this bears oyt my 
Own experience. It would, however, be of interest to 
know whether the figures are based on a loop-in system 
with single wires or on twin and 3-core cable with 
junction boxes. In the Lancashire area it is the usual 
custom for electrical contractors to loop when wiring 
houses on the C.T.S. system. A contractor on the 
National Register, and therefore employing full-rate 
labour, has supplied me with a number of figures regard- 
ing the cost of C.T.S. installations.- In five typical 
installations of from 13 to 30 lights in furnished and 
occupied houses the total cost per point varied from 
17s. to 20s. This comprised cable 6s. 2d.-8s. lld., 
labour cost for fixing cable 3s. 4d.—4s. 7d., labour cost 
for fixing fittings ls. 9d.—2s., wood blocks 4d., switch 
Is. 14d., ceiling rose 5d., twin flexible 2d., lampholder 
8d., share of distribution board 4d.-5d., shade 6d., 


and 60-watt lamp Is. 103d. In the case of a subsidy. 


house, with 7 lights, the total cost per point was 
14s. 9$d., the labour cost for fixing the cable being 
Is. 2d. per point, and for fixing fittings ls. per point. 


. The C.T.S. cable is of the Association grade and the 
costs given represent those in force about 1925, after ` 


rebates, etc., are deducted. With the now available 
“* Nonazo ” C.T.S. cable the cost per point would be 
about 2s. 6d. less in each case. Such details demonstrate 
in no uncertain manner that a C.T.S. installation assists 
in a practical way to reduce the initial cost of wiring. 
The author refers to Prof. Parker Smith's all-electric 
house—which is a C.T.S. installation—having a total 
circuit capacity of 630 amperes, and yet controlled by 
a 50-ampere switch. The diversity of the domestic 
load permits this. From curves given in papers of mine * 
before this Institution more detailed information can be 
secured. The first all-electric house 1 equipped, with 
no chimney, was in about 1906, and the high diversity 
factor was one of the surprising items of interest. 

Mr. H. A. Gray: The tendency in these days is 
towards an all-electric home and it is therefore remark- 
able that the great majority of houses are wired on 
the insulated system, using either C.T.S. or Maconite, 
so that in earthing the appliances. one cannot use a 
metallic sheath but must run independent earth wires. 
I certainly do not agree with Mr. Munro when he says: 
“It may not be an unmixed. evil that so many of the 
new small houses have been fitted with gas.” Such 
houses should have been wired for electricity, and 
would have been if there had been sufficient co-ordination 
between supply undertakings, manufacturers, and con- 
tractors. I cannot agree with a previous speaker's 
statement that a cheap installation is good enough for 
the small house and that the better installations should 
only be put into the larger houses. A house worth, 
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say, £2000 and wired only for lighting needs no dis- 
cussion as to the type of installation, but a house worth, 
say, £700, which is to be fitted up as an all-electric 
home, should have the best installation. The type and 
cost of this are matters for serious discussion. Generally 
the cost of the installation should have regard to the 
cost of appliances to be installed and the service they 
are required to give. With regard to wiring systems, 
without doubt the screwed-conduit system is the best. 
My own house has been wired with Maconite and C.T.S. 
With the exception of that connected to the main 
ironclad switch in the basement, there is no earth wire 
on the installation. This type of switch would not 
have been used if an insulated pattern had been available. 
The rubber cable shows no tendency to disintegrate, 
nor has it become porous, but one or two pieces have 
developed veins, probably caused during manufacture. 
A serious criticism in connection with these rubber 
cables is the lack of a satisfactory junction box. Insu- 
lated junction boxes are available, but the terminals 
are not large enough to take more than one loop. If 
3/:036 is used as the minimum size of conductor, the 
six strands of wire can only with difficulty be connected 
to the terminal block, Experiences with the lead- 
sheathed system have been most unhappy, When one 
recalls the number of times the lead-covered cable is 
handled, from the time it leaves the manufacturer’s 
machine to its being fitted by the wireman, it is not. 
surprising that trouble occurs. In my opinion, the 
taping used in lead-covered wire is not sufficient pro- 
tection. I have never been able to understand why 
the manufacturer does not braid the core or cores prior 
to sheathing. I do not agree with the author's plea 
for combined ironclad main switches and distribution 
boards. To have two or more double-pole fuses in the 
switch case is likely to lead to trouble. One pair of 
fuses may control an electric cooker. If, then, the 
single-pole fuses on the cooker are connected to the 
neutral side of the supply and a fault develops on one 
device, or if the single-pole fuses are correctly connected 
and a fault develops on the cooker busbars, the main 
fuse is the only protection. Very few present-day re- 
placeable handle-type fuses will clear the heavy short- 
circuit currents. Generally they explode and ruin the 
switch as well.. The author refers to round or rectangular 
china cut-outs. The sooner English manufacturers give 
up making this or any other class of cut-out where the 
fuse simply consists of a piece of wire secured to ter- 
minals the better. Anything can be used to replace a 
fuse wire, and cases have occurred where, owing to the 
failure of a lamp in an earthed lampholder, the cut-out 
has been shattered and the cover blown across a room. 
The time has certainly come for supply undertakings, 
manufacturers and contractors to submit to an authori- 
tative proving house all the appliances, apparatus and 
devices used in the home. | | 

Mr. O. Howarth : Mr. Munro claims two advan- 
tages for the steel-tubing job: (1) that it will last in- 
definitely, and (2) that the wires can be renewed. The 
two claims appear somewhat contradictory. There are 
in small houses many installations of the type which 
he condemns which have given reliable service for a 
good inany years. The author advocates 3-pin plugs 
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for power circuits, and I agree with him. I am of the 
opinion that provision for earthing should be made and 
used on all domestic appliances because these appliances 
find their way into bathrooms and kitchens where fatal 
shocks may be obtained owing to the presence of water 
taps and other earthed metal. I agree with the author 
that copper fuses are most satisfactory and on an a.c. 
circuit I think it unnecessary to use light fuses for 
small-current devices such as table lamps. I tried the 
effect of short-circuiting the pins of a bayonet lamp- 
holder on a 230-volt 50-cycle supply with copper fuses 
rated to blow at 3 amperes and 22 amperes. The 
results were the same in both cases and the fault was 
cleared in a satisfactory manner without . damage, 
although the circuit used was close to the step-down 
transformer. The adoption of 15-ampere plugs for all 
apparatus is a great convenience, as any device can be 
plugged in to the nearest socket and all plugs and 
sockets are similar. I have adopted this system in my 
own house and have had no trouble with lightly-loaded 
devices on 15-ampere circuits. The I.E.E. Wiring 
Regulations are difficult to apply to small houses, owing 
‘largely to the fact that the particular regulations which 
apply are buried amongst a mass of other regulations 
which apply to other types of buildings. It would be 
a great advantage if the Institution would draw up a 
few simple rules for domestic installations. 

Miss G. L. Entwisle: On page 729 Mr. Munro 
suggests that many people ignorantly transgress the 
reasonable rating limits of sub-circuits set out in the 
I.E.E. Wiring Regulation No. 95. In the general case 
it is difficult for a householder to be sure of avoiding 
this, even if he is well versed in the rules. Unless he 
has wired the house himself, he has no information as 
to the cable used or the number of points on any sub- 
circuit. I am frequently asked by householders whether 
they can use certain apparatus in their house, but with- 
out this information I cannot tell them whether or not 
it is safe to do so. I should like to urge that, when 
houses are wired, contractors should in every case leave 
behind them details of the wiring, These should not 
be on paper as they are liable to get lost and it is very 
unlikely that they would get passed on to the next 
tenant, They should be in some substantial form, 
simular to nameplates used on other electrical apparatus, 
and the plate should be permanently fixed to the dis- 
tribution board so as to be available for any person 
called in to give advice or for any future tenant. With- 
out this, cables are certain to be overloaded at times, 
just as damage would be done to other electrical ap- 
paratus (or its users) if it were sent out without a 
nameplate. I asked for these particulars when our 
house was wired but the contractor was obviously 
unused to supplying them. A little later the author 
says: “It is found in domestic work that 5-ampere 
lighting circuits and 15-ampere heating circuits are 
useful, practical and safe limits for general adoption.”’ 
That, 1 presume, is on the assumption that the voltage 
is 230, 240 or somewhere in that region, but I find 
that contractors are inclined to use the same 15-ampere 
wiring on 100-volt circuits, making it impossible for 
people to use 3-kW or even 2-kW fires. A power circuit 
which does not permit the use of a 2-kW fire seems fairly 


useless, Then the author asks why the radiators, 
washers, towel rails, etc., should not be fixed instead of 
fed by flexible cables. In my opinion, with radiators 
especially, that would be very disastrous. One great 
advantage of electricity in a house is the convenience 
of being able to put apparatus exactly where it is 
wanted, and to have radiators fixed would deprive 
them of this great advantage. Also, in inany cases, 
the initial cost would be increased as several plugs 
would be needed to replace one used for several different 
pieces of apparatus at different times. 

Mr. A. B. Mallinson : It has been suggested that 
wood casing cannot be done now; I was glad therefore 
to hear Mr, Evans support it. I have just completed 
an installation of about 2 000 lights on the Macintosh 
system. The work was done almost entirely by Bir- 
mingham wiremen and at first 50 or 60 points had to 
be dismantled. Many of the men admitted that they 
had never done any wood-casing work before, but within 
a month they were doing it as neatly as I could have 
got it done 20 years ago. The Macintosh system is 
designed essentially for figure-of-eight twin or 3-core 
cables, but I find that wiring contractors have a tendency 
to use single wires under a Macintosh channelling. If 
3 single wires are used the 3 wires tend to get on one 
side and a nail is likely to be driven through the centre 
of the wire, but I have found no trouble where the work 
has been done properly. I consider that the lead- 
sheathed system is a very poor one and I shall never 
willingly employ it. It looks unsightly and it sags 
between the clips a short time after it has been up, 
no matter how closely together the clips are put. I 
object equally strongly to conduit. Mr. Munro says 
that the tubing should be buried in plaster, but in 
these days there is no # in. plaster. When they are 
installing the conduit the workmen damage the walls 
and when the tube is covered with plaster, if the wall 
is colour-washed, yellow stains become visible where the 
tube has been put, and if there is much vibration 
the plaster begins to come away from the front of the 
tubing. With regard to earthing, I am in favour of 
the all-insulated system and I should like to ask why 
it is necessary to earth every piece of apparatus. The 
points in a house where earthing is required are the 
kitchen and the bathroom, and in these places there 
are always water pipes, which provide the finest earth 
it is possible to obtain. Why do not power supply 
engineers use it like telephone engineers do? I agree 
with the author’s remarks in regard to spare cable at: 
the ends of wiring systems. I have found that is where 
maintenance troubles begin, but with conduit there is 
not much spare cable, A word of warning is necessary 
in respect to switches. Where a private-plant installa- 
tion is changed over to the public supply it is essential 
to see that the switches are placed in the live wires. I 
am not in favour of porcelain switches. Although 
porcelain is a non-conductor I have had some very 
nasty shocks in the bathroom from porcelain switches 
in a steamy condition. I have never discovered the 
reason for putting fuse boards in larders, The brass 
rots in a year or two, with the result that the hinges 
drop off the box, and the box, if wooden, begins to 
drop to pieces. Architects should be asked to provide 
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some indication on the plaster surface as to where the 
brick course is, so that a wireman would know where 
to put the nails or screws. Why should not electric 
irons be used from lampholders? It is much more 
pleasant to have the flexible cable brought down to the 
apparatus than to have it led up from the floor. 1 
agree with Miss Entwisle's remarks in regard to flexible 
cables. When an electric supply is taken into a house 
the tenant must be studied; and no two ladies want the 
electric fittings in the same place. The author says 
that refrigerators should be permanently connected, but 
1 do not agree; provision must be made for cleaning 
behind them. The same remark applies to many electric 
fittings without wiring. On various occasions I have 
had to test old installations put in fur a private plant, 
with a view to changing them over to the public supply, 
and I have invariably found the best result when wood 
casing has been used. My ideal system for the small 
house is the all-insulated system of surface wiring. with 
wood channelling and insulated switches. I have had 
excellent results with bakelite switches and lampholders. 
In the bathroom, in the kitchen or by the cooker, 3-pin 


plugs‘should’be used, and: the apparatus earthed to the : 


water pipe. 

Mr. W. A. Shaw (communicated): In my opinion 
screwed tubing, with proper allowance for drainage, 
should be given first place for wiring. I have used 


C.T.S, cable with excellent results in damp places, such — 


as dye works, and all kinds of places where there is 


steam. Very great care is required in fixing the water- 
tight fittings. The metal-sheathed wire used on the 
various wiring systems does not have a long life in 
damp places. In all systems of wiring I consider that 
looping-in should be employed. I always have wiring 
looped, for small as well as large houses, using 3-plate 
ceiling roses and earth terminal switches where required 
so as to allow for the ends of all wires to show either at 
a ceiling rose or switch. I never use any of the boxes 
supplied with wiring systems under floors, as I do not 
consider them safe. I am a strong advocate for the 
I.E.E. Wiring Regulations being made compulsory. I 
also consider that all wiring accessories used on supply 
undertakings’ mains should be to a given standard, 
which could easily be arranged by the B.E.S.A. Bad 
workmanship is the principal cause of breakdowns and 
trouble in electric lighting installations. The wiring of 
small houses, unless done under proper supervision, 
leaves much to be desired; there.are too.many.novices 
in the industry to-day. The sooner a compulsory 
registration scheme is put into force, the better for all 
concerned. 1 can never understand why a working 
man ‘is protected in' his workship ‘or factory- against 
accidents caused by faulty installations, whereas any 
kind of installation suffices for his home. What is 
required is protection from the jerry contractor. 


"Mr. Munro’s reply to this discussion will be found 
on page 782.] 


SCOTTISH CENTRE, AT GLASGOW, 14TH FEBRUARY, 1928. 


Mr. R. B. Mitchell : I am glad to note that Mr. 
Munro's views in regard to the best system for new 
work agree with mine, viz. that a screwed-tube system 
should be used. I am also glad to note that, in the case 
of old houses, he agrees that some sort of lead-alloy 
system is suitable. The selection of the system is not, 
in my opinion, so important as: the workmanship. 
Good workmanship will to a very large extent redeem 
bad material, or even a bad system, but, on the other 
hand, good material will never redeem bad workman- 
ship. There is also a great deal to be said for proper 
planning by architects, and the author makes a point 
of this in the paper. If architects were to have a talk 
with the consulting engineer or the contractor before a 
building is erected a great deal could be done in the 
way of making things easy for the contractor when he 
commences his work, This applies more particularly to 
large buildings than to small ones. Most people agree 
that standardization of everything is desirable and even 
essential, but I have found :that some fittings which are 
to the B.E.S.A. gauge are not to the B.E.S.A. standard, 
and 1 think that all fittings which are to the B.E.S.A. 
standard should bear a special stamp. 1 think it also 
desirable to mark plugs and sockets, particularly, with 
the current and voltage for which they are suitable. 
The author advocates separate fuse boards for the 
separate purposes for which electricity is used in a 


building. Would it be advisable to carry out that | 


principle. in small houses? For instance, is it not 
desirable that a consumer should be allowed to use 


lighting, through a suitably fused plug, from a heating 
circuit if he so wishes? That brings me to the question 
of tariffs. I am, and always have been, a strong ad- 
vocate of a bulk supply to each house. Let the tariff 
be so arranged that the consumer can use any socket 
for any purpose throughout the house, when the wiring 
is suitable, whether on a lighting circuit or a power 
circuit. In the duplication of circuits and meters is 
there not a distinct temptation to the consumer to run 
his lighting from a power circuit and thereby get it at 
a cheaper rate? This discrimination is made in some 
undertakings, and I should like to know what the 
author’s experience is. We have never found in Glasgow 
that there was any need to run a 3-wire or 4-wire service 
into any house, even in quite large installations. I 
believe that a 2-wire service is run into Prof. Parker 
Smith’s house, which is a particularly large installation 
for the size of house. In this way the balancing can 
be done throughout the district, and this will eliminate 
any necessity for taking a high-voltage service into a 
dwelling house. I naturally do not agree that there is 
any need for- the independent inspector suggested by 
the author. I think that the inspector employed by 
the supply undertaking ought to have a sense of respon- 
sibility sufficient to make him look after ali the interests 
not only uf the undertaking but of the consumer, and 
see that all the work which passes under his notice is 
carried vut in a proper manner. 

Mr. J. J. Foggo : From the points of view of safety 
and endurance, no system can excel that which consists 
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of screwed-steel conduit, with steel or iron boxes at all 
junction and outlet points, the whole system being 
securely earthed. Too little attention is given to the 
earthing of conduit. This is seourely accomplished if a 
screwed coupling having two pinching screws is inserted 
into the systems at the distribution fuse board, thus 
making certain that all the radiating branches are earthed. 
An earth wire connected by lock-nuts or band clips is 
never secure and is liable to slacken and make bad con- 
tact. The earth wire is more securely connected to a 
water pipe by the type of clamp used by the P.O. 
Telephone Department. In a well-designed conduit 
installation the best practice is to reduce the number of 
junction boxes, and, in new buildings of the size indicated 
in the paper, to concentrate on not more than two good- 
sized boxes on each floor, to which the sub-main wiring 
is taken and from which all pipes radiate to the switch, 
light and socket points. Any additional cost of conduit 
is more than compensated for, as this method obviates the 
necessity of looped wiring, reduces the labour costs of 
wiring, concentrates and reduces the number of joints, is 
more accessible for repairs or extensions, and enables £-in. 
conduit to be used instead of the larger sizes necessary 
with looped wiring. Such a system, when installed by 
competent workmen, is not so expensive as the makers 
of competitive systems state and has many advantages 
over them. Looped wiring increases not only the 
length of the wiring and the number of exposed con- 
ductors and joints but also the size of conduit. The 
cylindrical brass-tube type of connector having one or 
two pinching screws and enclosed in an insulating block 
has been much used, but faults: have been experienced 
due to the pinching screws becoming unscrewed by 
vibration and making contact with the iron box. The 
same remark also applies to the all-porcelain type 
mentioned by Mr. Munro. The most satisfactory con- 
nector consists of an insulating thimble into which is 
screwed a base of the same material having two holes, 
through which the wires to be jointed are passed through. 
The wires are bared and twisted together, and a cylin- 
drical brass collar with a pinching screw is passed over 
the twisted wires and secured by. the screw, but to 
make more secure the ends of the wires are starred 
over the collar. The thimble is then screwed on to the 
base and if necessary can be made watertight by filling 
the thimble with compound before fitting to the base. 
Switches and plug sockets should be fixed directly to or 
into iron boxes, and continuity maintained throughout 
by main switches and fuse boards contained in steel 
cases, now marketed at competitive prices. Lead- 
sheathed, cabtyre-sheathed or compound wiring where 
fitted on the surface is liable to damage both accidental 
or otherwise, and when redecorations are required it is 
detached and injured by the removal of the old decora- 
tions. If concealed under floors, skirtings or lath walls 
it is also open to damage by vermin. When embedded 
directly in plaster the lead sheathing is exposed to the 
chemical action of the plaster, especially where damp, 
a not uncommon condition in new houses. The 
satisfactory bonding of the lead covering by the con- 
necting devices on the market is questionable and 
depends on the honesty of the workinen. I have found 
that C.T.S. cables perish where exposed to dry, warm 
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atmosphere. They are, however, excellent in damp and 
wet situations and will outlast the fixings if the ends of 
the cables can be made moisture-proof. Compound- 
sheathed cables may be superior to C.T.S. cables in 
resisting acids, alkalies and the action of rust, but the 
ease with which some of them can be ignited and con- 
tinue to burn is a deterrent. The increased use of lead- 
alloy and insulated systems is due not so much to their 
safe and enduring qualities, which should be the first 
consideration in an electrical installation, as to the 
amount of advertisement which they have received, 
and also to statements that they can be fitted by in- 
experienced labour. This will have a detrimental effect 
on the profession at a later date. Plug and socket 
switches should have a double-pole break in order to 
provide complete protection for the apparatus they 
control, 

Mr. D. M. Macleod : I should like to raise a point 
relating to installations connected with a public elec- 
tricity supply, where a service connection is coupled 
across the outer or phase wire and the neutral to give a 
domestic supply, say at 230 volts. It is obviously a 
matter of importance that the circuit switches should be 
connected to the conductor coming from the outer on the 
supply system. Otherwise, while one may be able to 
switch off a lamp or a fitting the pressure still remains 
upon the wiring system and one may geta severe shock: 
in the event, say, of a switch cover becoming alive. 
Some years ago a radiator had been installed in a sub- 
station and this building was undergoing structural 
alterations, including the building of an additional 
cubicle. The wiring of the radiator circuit being in the 
way, I took a pair of cutting pliers and attempted to 
cut the circuit, which was to all appearance dead. 
When I cut through the insulation I received a severe 
shock and my muscles got bound so that I could neither 
finish the cut nor let go until, fortunately, the wire 
parted. This illustrates the point I wish to make'and it 
is one which does not appear to have been dealt with by 
Mr. Munro. 

Mr. W. M. Goodfellow: I consider that the 
present rating of switches is most unsatisfactory and 
misleading, and I suggest that the manufacturers could 
help materially in this direction by revising their switch 
ratings. Switches should be rated at the actual amount 
of current which they can break under working condi- 
tions and should not be rated at a capacity determined 
by a laboratory test. In connection with the suggested 
use of a ring-main system in house-wiring installations, 
I am of the opinion that there would be a great difficulty 
in making a way for the heavier cables and tubing, etc., 
and that there would be very little saving in the cost, 
particularly in houses of moderate size. It would also 
be a disadvantage to have fuses at each point. A 
matter which I consider deserves the attention of 
architects is the fitting of switches for plugs. I can 
see no reason why the plugs should not be fitted on the 
skirting board and controlled by switches fixed at the 
level of the usual lighting switch-points. In this way 
proper advantage would be taken of the convenience of 
control, which is one of the greatest points in favour 
of electricity in the home. I have not found such a 
difference between the costs of lead-covered and conduit 
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systems as is indicated by Mr. Munro. It is probably 
less than 10 per cent in favour of the lead-covered 
system. On the question of inspection, the supply 
authority in Manchester about 8 years ago insisted upon 
an inspection before connecting any installation to the 
mains. Floor boards were not allowed to be put down 
or junction boxes covered in any way until the inspection 
had been carried out. Inspection on these lines con- 
scientiously carried out by the supply undertaking 
would do much to eliminate the contractor who does 
shoddy work. I do not agree with the author’s sugges- 
tion that the Government should undertake the inspec- 
tion of all installations. It is the Government’s duty 
to pass regulations which are essential to the safety of 
the public and insist on them being carried out, but 
obviously if the regulations are carried out no Govern- 
ment department will assume the responsibility of 
saying whether the material and workmanship used is 
“good, bad or indifferent. Reformation can be most 
easily accomplished by proper co-operation between 
supply undertakings, consulting engineers and con- 
tractors. | 

Mr. J. Gogan : On page 719 Mr. Munro expresses a 
preference for copper fuses. I do not agree with this 
‘view; there are many reasons why copper fuses should 
‘not be generally used in domestic premises. First, 


the load-current/fusing-current ratio varies with the type 


-of cut-out in which the wire is fixed—in some cut-outs 
‘the fusing current is as high as 85 per cent above the 
standard laid down in the I.E.E. Wiring Regulations. 


‘Second, there is always the danger of the consumer in- ` 


stalling copper wire of unknown fusing current,.or any 
‘piece of wire that may beat hand. I am surprised that 
‘the author does: not suggest cartridge fuses, because 
they are definitely marked and have a fixed load- 
Current/fusing-current value ; they also remove the risk 
‘of a consumer inserting a piece of wire of any kind. 

Mr. A. F. Stevenson: I am very pleaséd to note 


that more fittings of insulating materials are being | 


made. It is now possible to obtain switches with 
‘insulating covers and knobs from many of the .manu- 
facturers, and this removes one of the difficulties asso- 
ciated with the insulated system. I was rather surprised 
to see lately that the ordinary tumbler switch has some 
difficulty in breaking circuit on present-day loads. I 
have seen a number of cases where holes have been 
blown in the brass covers. This occurs generally in 
new buildings where a certain amount of moisture 
collects in the switch, causing the mica washer to fail. 
It might at first appear that in the Weir house the cost 
of £5 per house is just about the same as that charged 
in the ordinary housing scheme for a tubing and 
vulcanized-rubber job, but it must be remembered that 
in the case of the Weir house these costs are based on 
the best material; whereas the £5 house in the housing 
scheme calls for the very cheapest material and also 
for a large amount of apprentice and improver labour. 
In England a very large number of installations have 
been carried out with the compound system without 
tubing in new houses. As an example, Liverpool Cor- 


poration have wired 7000 houses with Maconite wire 
clipped on to the brickwork after the building work was 
done and before plastering. This method has proved 
perfectly successful. In that case cheap material was 
not being employed, but first-class material installed by 
skilled labour, and the costs compared very favourably 
with those of conduit installations in which the cheapest 
materials were used. I think that contractors in general 
have been unnecessarily conservative with regard to 
3-core instead of single-core cables. I think that single- 
strand cable is to be preferred in some cases, and it costs 
less, which is a consideration. There is no doubt that 
the last paragraph of Mr. Munro’s paper raises a very 
important point. In a great many cases an architect 
specifies something and the contractor puts in something 
cheaper. The architect does not discover the change 
because there is no one to tell him. Some system by 
which the architect could learn that he was not getting 
what was specified would be a decided advantage. 

Mr. H. M. Speirs : The first point which suggests 
itself to me is the employment of special tools. It 


seems that if we wish to reduce the cost of wiring 


buildings, while at the same time maintaining a good 
quality of work, these provide one way of doing it. I 
should be very glad if Mr. Munro would give some 
further particulars of the electrically-driven tools men- 
tioned in the paper. He indicates that a supply of 
electricity is generally available while the electrical 
installation is being carried out. It appears therefore 
that with greater employment of such time-saving tools 
our present-day methods might be considerably im- 
proved and the time unit for each case reduced. The 
author mentions that the switch fuse should be foolproof, 
the switch handle being interlocked with the cover so 
that the case cannot be opened to replace fuses until 
the switch handle is placed in the “off” position. In 
the case of multiple-circuit switch fuses, the adoption 
of which the author suggests, it seems rather a dis- 
advantage that the whole installation has to be cut off 
-while one of the branch fuses is being replaced Perhaps 
this could be overcome by arranging for the covers of 
the switch section and the fuse section of the unit to 
open independently. The ring-main system seems a 
good way of overcoming the multiplicity of circuits 
required for heating outlets. I appreciate Mr. Mitchell’s 
remarks regarding the utilization of heating sockets for 
lighting purposes, so avoiding the independent measure- 
ment of current used for heating and lighting. At first 
this appears a sacrifice of safety, but a fused 15/5-ampere 
reducing plug socket serves the purpose. This enables 
one standard size of wall socket to be fitted, which may 
be used either as a lighting or heating outlet, and so 
another step towards standardization is made. The 
author mentions that the employment of metallic fittings 
is a detriment to an insulated wiring system, but insu- 
lated fittings suitable for all outlets of an electrical 
installation are now on the market. 


[Mr. Munro’s reply to this discussion will be found 
on page 782.] 
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Mr. W. F. T. Pinkney : Mr. Munro remarks that 
‘British wiring work from 1880 to 1914 was superior to 
that prevailing in other countries, and I suggest that 
the high standard of wiring demanded was the reason 
that the rate of progress in electrification was slower 
than that of other countries during the same period. I 
‘am numbered among the supply engineers who think 
that the lowest first cost of wiring is, if not the main 
consideration, at least a very important consideration. 
Mr. Munro advocates screwed steel tubing, but does he 
realize where our biggest market lies to-day? 
among the small consumers, the wage-earners, and in 
the rural areas where spending power is less than in 


the towns, and if we do not find means of keeping down : 
installation costs these small consumers will never have | 
electricity installed. I suggest that bad workmanship | 
on any system of wiring will lead to trouble, and that . 
any of the recognized wiring systems available to-day |; 
are satisfactory if the workmanship is good. It is | 
necessary, therefore, to improve workmanship, and Mr. : 
‘Munro gives recognition to this in another part of his 
Another means of arriving at improved work- | 
manship would be for some contractors to specialize. I | 
am certain that the average contractor does not carry ` 


paper. 


out sufficient work with some of the wiring systems, 


such as lead álloy, Maconite, ete., for his men to become | 
Tf a contractor . 


thoroughly familiar with these systems. 
‘kept certain of his men employed ‘on one class of work, 
they would become experts:and be quick in their work, 


and the supervisors would learn to lay out the jobs in ' 
such a way as to save both labour and material, so that : 
there should be a bigger margin for reduction of costs 
with such systems than with the more familiar. screwed 
steel tubing. Mr. Munro’s argument seems to be that a | 


greater use of screwed steel tubing would lead to 
similar results in reduced costs, but in my opinion it is 


not possible to reduce the labour costs with screwed 


steel tubing to compare with the reduction of labour 
costs which may be made with other systems. 

Coming now to Messrs. Milne and Rawll's paper, it is 
impossible to stress too frequently the necessity of the 
proper.and frequent cleaning of lighting equipment, to 
which the authors have drawn attention. They refer 
to the mistaken policy of burning lamps at other than 


their rated voltage, that is, their highest efficiency. In | 


view, however, of the rapid expansion of domestic tariffs 
with a low rate per unit, and in view also of the high 
price of lamps at the present time, it is not always to 
the advantage of the consumer to run his lamps effi- 
ciently. In fact, at a low rate per unit it may well be 
advantageous to under-run a larger lamp to secure 
longer life. This will become less so, however, as the 
price of lamps is reduced. In municipal areas the rate- 
able-value system of basing the fixed charge for a two- 
part tariff may be satisfactory, but with a large under- 
taking covering a large area, and with varying rating 
authorities, some other common characteristic of 
premises must be used for the basis of the fixed charge. 
The authors’ review of the induction system for cooking 
is interesting, but is this yet a practicable proposition? 


It is. 
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1 have seen it dembnsttated several times in the last 
four or five years, and have had an order placed for 
apparatus for several years, but nothing seems to have 
come of it. A problem not dealt with in the paper is 
the method of charging the small wage-earning con- 
sumer, to whom we must look for our biggest develop- 
ments. This class of consumer cannot meet quarterly 
or even monthly accounts, or, at any rate, has never 
learnt to do so. The ordinary prepayment meter is 
unsatisfactory, as it discourages the use of appliances, 
etc., and there are several objections to the two-rate 
prepayment meters which have so far been introduced. 
This still remains an unsolved problem. 

Mr. T. Carter : In the section on lighting, Messrs. 
Milne and Rawll deprecate the running of lamps at less 
than their rated voltage, on the score of increased cost. 
But, as far as I remember, the cost of a 40-watt lamp 
is the same as that of a 60-watt lamp; and:if for 40-watt 
positions I use 60-watt lamps of such a:rated. voltage 
that they give the light of fully-run 40-watt lamps on 
the actual voltage of supply, I shall get 40-watt lighting 
and shall use about 50 watts.: It simply becomes, then, 
a matter of comparing the cost of the additional 10 watts 
with the saving in lamp renewals to ascertain whether 
it is worth while. Probably the lighting would be 
rather poor in colour if so great a reduction in voltage 
were made; the usual reduction is of the order of 4 per 
cent, which gives approximately 54-watt lighting with 
a consumption of 56 watts in a 60-watt lamp; and since 
there is in that case so small a departure from the 
full output of the lamp, there would be no need to use 


| a greater number of lamps at a time; and saving would 


result both in running costs and in the cost of renewals, 
the lamp life increasing greatly for even so small a 
reduction as 4 per cent in voltage. I think the lighting 
requirements stated in Table 1 are unnecessarily lavish: 
I am writing at this moment in a room using consider- 
ably less than 4 watt per square foot of iloor area, and 
the resultant illumination is quite adequate.. In the 
section on cooking, induction cookers are. referred to, 
and I should like the authors to say what happens when 
the air-gap in the iron circuit is largely increased on 
the taking out of the utensil. Is it left open, and is the 
current .automatically shut off by some interlocked 
switching arrangement? I.am thinking of:the large 
increase in magnetizing current that would result from 
leaving the gap permanently open and the current 
switched on: but: perhaps the winding is designed to 
carry the increased current. In connection with tariffs, 
I have to suggest that a two-part tariff can be. quite 
suitably disguised to look like a one-part tariff with 
discounts varying according to the use made of the 
appliances in a domestic installation. Some years ago 
I worked out one such tariff and published details of it 
in the Electrical Review; and I still think the idea is 
worth investigation, because a discount from a maximum 
appeals so much more forcibly to the untechnical con- 
sumer than what looks like an addition together of two 
different kinds of charges, even if the payment is just the 
same in the end under either scheme. | 
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Turning to Mr. Munro’s paper, I would refer especially 
to his sections on “ Combined Switches and Sockets ”’ 
and “ Earthing of Branch Switches.” The B.E.S.A. 
published B.S.S. No. 196 last year, and this Specification 
provides for plugs and sockets of the protected type 
with earthing facilities. Tests made on these plugs 
and sockets show that they are quite capable of break- 
ing their rated load, up to 15 amperes of alternating 
current, with no sign of trouble whatever and with 
absolute safety of operation. On d.c. circuits they 
behave at least as well as the ordinary domestic switch 
of the same rating. It is well known that the arc energy 
on breaking a direct current is greater than that released 
on breaking the same number of amperes of alternating 
current; but the design is such that the actual separation 
of contacts takes place in a closed chamber, which is a 
most markedly advantageous state of affairs. I quite 
agree with Mr. Munro that a double-pole switch should 
be used if a switch has to be used at all to isolate a 
plug and socket. It is the only way to ensure correct 
and complete isolation. It is sometimes objected that 
switches on the apparatus itself allow current to be 
switched off and the flexible leads to be alive even 
though a double-pole switch is provided for switching 
off at the wall-plug. The answer to this is that if ap- 
paratus is provided with plugs and sockets in accordance 
with B.S.S. No. 196 there is no need for switches in 
addition; and since such plugs and sockets can be fitted 
with flexible leads of the C.T.S. type, and the flexible leads 
are adequately gripped at each end, it does not matter 
greatly if they are left alive, because they are safe. A 
very simple adaptation of a 3-pin plug and socket 
allows a 3-heat appliance, such as a radiator, to have 
its 3 amounts of heat controlled by one plug only, 
merely by inserting the plug in one of the 3 possible 
ways. On the question of earthing, I would urge the 
necessity of making domestic apparatus as safe in this 
way as it already has to be in factories and mines. 
Why, indeed, should one who is accustomed to handle 
electrically-driven machinery with impunity at his work 
come home and run the risk of receiving a bad electric 
shock in his own back kitchen? Again, I would point 
out, plugs and sockets made to B.S.S. No. 196 are highly 
satisfactory in this respect, because they are pro- 
vided with excellent earthing facilities, and allow the 
framework of all the appliances to which they are fitted 
to be made thoroughly and effectively safe. When 
advantage is taken of this, nothing but earthed metal 
is within reach of the user. The protected pattern is 
safer than the 2-pin-and-earth-pin unprotected pattern, 
because in the latter pins may be exposed, although 
alive, when the plug is being withdrawn—a state of 
affairs impossible in the protected type specified in 
B.S.S. No. 196—and it is safer in a still greater degree 
than the ordinary 2-pin non-earthed type, which is 
neither protected nor capable of being made com- 
pletely safe by earthing. I feel sure that the increasing 
use Of all kinds of domestic electrical appliances will 
gradually bring about a correspondingly increased de- 
mand for a safe and adequate connector; and I think 
that the B.E.S.A. is to be congratulated because of its 
foresight in publishing B.S.S. 196 as a means of standard- 
izing the very thing that is required for this purpose. 


Mr. P. Ward: As the cost of coal in this district 
varies from 24s. to 30s. per ton, conditions are not so 
favourable as Messrs. Milne and Rawll suggest. It is 
quite correct, however, to say that in all cases of inter- 
mittent heating, electricity is as cheap as, if not cheaper 
than, coal, and in many cases even when the hours of 
use are comparatively long the cost of electricity is not 
greatly in excess of that of coal if the radiator is pro- 
perly used and kept away from an open chimney. 
When the advantages, such as saving in labour, dirt, 
sticks and matches, are taken into consideration, the 
scale is definitely turned in favour of electricity. A 
loading of 1 to 2 watts per cubic foot is too high, 1 td 
14 is ample and 1 generally sufficient. It is better in 
some ways to put in a higher loading than is necessary, 
but there is a temptation for the heater to be left on, 
in which case a bill will be run up unnecessarily. I do 
not agree with taking out plug-in elements to clean 
the reflector. Once this work is started it must be 
continued, and the saving of labour will largely dis- 
appear. A properly designed plug-in element is good, 
because it can easily be replaced in event of failure, 
but that is all. If the design of the plugs is such that 
they are allowed to overheat, they oxidize and become 
firmly fixed. Fig. 3 is interesting as showing the heat 
dispersion from two particular radiators, but I do not 
think that it can be taken as typical of the two types. 
It would not be difficult to select two radiators giving 
exactly opposite results, depending on the position and 
shape of elements and reflector. Panel heating is said 
to cost 12s. 6d. per sq. ft. for a reasonable length. 
What is a “reasonable length ”? Except for a few 


. isolated panels, nothing has been done here yet. What 


is the effect of a panel at 180° F. on ordinary plaster 
in walls and ceilings? Is a special plaster recom- 
mended, and, if so, what? We are in favour of tubular 
heating for premises where furniture is so arranged as 
to leave walls free. In private residences it is not 
general to find space available onskirting boards. Asa 
preventive of down-draughts under windows, tubular_ 
heating is excellent. As regards water-heating, 120° F. 
is not hot enough for sink purposes. We find that 
6 gallons per day at 150° F. is a suitable figure. Water- 
heating on the storage principle has a big future, but a 
fixed charge for a fixed loading is not practicable owing 
to variations in hot-water requirements from day to 
day and from season to season. Lightly-loaded thermo- 
statically-controlled heaters are best, care being taken 
to see that a sufficiently large heater is installed to give 
the maximum number of baths required in any one 
evening. Such a heater fixed in the hot pipe-line close 
to the point where hot water is most frequently drawn, 
and working in conjunction with any existing fuel-fired 
boiler, is the best arrangement. In cases where the 
scullery sink is a considerable distance away, it pays to 
fix a small additional heater over the sink. In a house 
where this is done, 2-6 kWh per day is used for wash- 
ing-up and cooking purposes. In the same house a 
larger heater over the bath averages 2-85 kWh per day 
—a total of 5-45 kWh per day at 0-7d. per kWh, or 
3-8d. per day for four persons. In another house of 
three persons, one cylinder in the bathroom uses 
8 kWh per day for all purposes. The increased consump- 
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tion here is chietly due to the different habits of the 
occupants, but is partly due to losses occurring in the 
Piping between the bathroom and scullery. We find 
that a 14-gallon heater is barely sufficient for the sink, 
and we usually fix a 2-gallon heater. In one or two 
instances a 3-gallon heater has been necessary. We 
have had heaters fixed for 18 months, and we have 
had no trouble with sludge. Newcastle water is about 
11 degrees total hardness, 7 degrees being carbonates 
and 4 degrees sulphates. I think that 50 per cent is 
too high a figure to claim as the saving in current due 
to the use of a thermostat. With regard to cooking, 
on modern cookers there is not much wrong with the 
oven. Hot-plates are improving; the most efficient 
hot-plates have been bad from a maintenance point of 
view. The present tendency is to revert to the use of 
solid hot-plates but I doubt whether it will last, as the 
consumer, to get good results, is faced with heavy 
expenditure for pans with ground bottoms. For com- 
mercial purposes, where there are long hours of use, 
the solid plate is best, but for domestic purposes, where 
the use is intermittent, the first boil from cold is of 
greatest importance, and here the solid plate is at a 
disadvantage. Solid plates are now being constructed 
in which the mass of metal has been much reduced and 
for which it is claimed that they can be run at red heat 
without damage. This will be a big step forward, but 
at present a type of semi-enclosed plate is, I think, the 
best proposition. For meat-roasting, rapidity of sealing 
is essential, but, after that, slow roasting at a compara- 
tively low temperature gives best results. The induc- 
tion system should prove of great use for commercial 
cooking, but the induction cookers are not yet on the 
market. For boiling purposes they offer hope of an 
appliance which will give speed and efficiency. For 
oven purposes their use will be limited, as apparently 
only certain cuts of meat can be used. So little has 
yet been done with induction cookers that Table 2 
cannot be regarded as being at all reliable, and I think 
that the authors are not justified in taking a figure of 
25 per cent for waste due to forgetfulness when using 
ordinary hot-plates. Much more might be made of the 
comparative cost of building than is usually done. In 
one instance £50 was saved by eliminating fireplaces 
and chimney breasts in two rooms, which amount was 
more than sufficient to pay for the complete lighting 
and heating installation in a 6-roomed house. In 
another case, an 8-roomed house was built without a 
chimney of any sort, and sufficient was saved to pay 
for the whole of the electrical installation, wiring, 
In addition, 
rooms which would have been of an awkward shape 
were made quite spacious. These advantages cannot, 
of course, be had in cases where an existing house is 
being converted, but to anyone building new premises 
the elimination of some of the chimneys is worth very 
serious consideration. In the 8-roomed house to which 
I have referred, there were 3 persons resident, and the 
consumption for a period of 12 months was under 
7200 kWh, of which 2774 were for cooking and water- 
heating and 4360 for room-heating. The house, being 
all-electric, was run without any domestic help, and 
the owners consider that the overall costs were lower 


than they could possibly have been had raw fuel been 
burnt and domestic help employed. I do not regard 
this house as being typical of an all-electric house, for 
the occupants are somewhat Spartan in their habits, 
and their heating and hot-water consumption is, I 
think, below the average. Nevertheless it proves that 
an electric house can be run with at least as much 
comfort, and with less work and dirt, for a figure which 
does not exceed the running cost of any other class of 
house. Another somewhat similar house, in which 
electricity is used to the exclusion of any other heating 
agent, consumed a total of 13000 kWh per annum. 
This figure included 1000 kWh for a towel rail in the 
bathroom and 3000 kWh for an air-warmer in the hall— 
which may be regarded as luxury consumption, so far 
as the average house is concerned—leaving a net figure 
of 9000 kWh per annum for heating, cooking, water- 
heating and lighting. The temperature of the hall and 
landing was never less than 45° F. on the coldest nights. 
I have no doubt that by providing a raw-fuel fire in 
the room which is most used, with a boiler behind, an 
otherwise all-electric house is the cheapest house to 
run when considering the costs for fuel only. If one is 
then prepared to replace that coal fire by a radiator, 
and to heat the whole of the water electrically, the 
additional cost is very largely offset by the saving | 
which can then be effected on cleaning and decorations. 
By “ all-electric’? I mean a house in which a vacuum 
cleaner, washing machine and all such labour-saving 
appliances are used, as it is by their use that the biggest 
savings are effected. 

The only comment I have to make on Mr. Munro’s 
paper is.with regard to his suggestion that all radiators 
should be permanently fixed. I agree that in a bath- 
room it is very desirable that this should be the case 
and that the radiator should be permanently earthed, 
but in all other situations to do so would take from the 
electric heaters one of their greatest advantages, viz. 
portability. 

Mr. W. C. Lambourn: I shall confine my remarks to 
Mr. Munro’s paper. The rapid progress of the electrical 
installation industry, and the numerous problems met 
with, merit, not the occasional attention of the Institu- 
tion, as mentioned by the author, but its constant 
attention. The superiority of British wiring work, 
maintained up to 1914, should still be maintained. I 
agree that the commercial engineer is confronted with 
a difficult problem in these days of keen competition, 
but as a mains engineer who realizés that the best 
material and workmanship are essential to his peace 
of mind, I see no reason why the plant so closely related 
should in any way be inferior. I am sure my claim is 
justified when we realize the number of earth. faults 
which protective fuses fail to clear; these complicate 
localization and add to the existing troubles. I agree 
that the reputation of a good contractor is at stake, 
but he can only claim that virtue if qualification goes 
with it. To meet the poorer pocket something has to : 
be done, but a relaxation of rules to meet this need is 
dangerous, as the conditions unfortunately surrounding 
this type of consumer render it liable to disrespect. 
With all electrical plant, economy is essential, but the 
factor of safety should not be decreased. It therefore 
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remains for the inventive mind to solve the problem. 
For various reasons the wood-casing system to-day is 
undesirable. My conclusions are that it is obsolete and 
should not be considered. 1 agree that the cleated 
system is worthy of consideration when carried out in 
an orthodox manner, but only under conditions where 


the appearance of the work does not matter. Under | 


certain conditions C.T.S. cable may prove satisfactory, 
but under others it is not so. The method of burying 
in plaster has many drawbacks, not the least being 
renewals, Maconite cable may meet the need of the 
contractor, but I have seen several cases where the 


cable has suffered as badly as vulcanized-rubber cable 


in casing. Both Maconite and C.T.S. cables are satis- 
factory when used under the proper conditions. The 
lead-alloy system has much in its favour, but is, of 
course, not perfect. The introduction of rare metal 
has increased its tensile strength, and has reduced the 
liability to crystallization. The chief causes of trouble 
are temperature-changes, vibration, and contact with 
anything liable to set up chemical action. Vermin 
troubles are becoming more frequent, but perhaps one 
of the greatest dangers is electrolysis. This leads to 
the vital question of bonding and earthing. The 
soldering of bonds has its dangers, but I would suggest 


that this risk might be overcome by overlapping the 


cable at the jointing point to allow the sheath to be 
stripped back on each cable in ribbon form, and the 
lead to be sweated to the side and well away from the 
cores, avoiding the danger of burning and dielectric 
puncture. Unseen mechanical damage, especially with 
these smaller diameters, might lead to a fault difficult 
to locate. Of all the protective systems of wiring, the 
slip-conduit system is the most popular, on account of 
its cost. It is very good if its joints are properly made; 
in this connection the grip joint was a great improve- 
ment, but precautions must be taken to avoid oxidation. 
Speaking as a mains engineer, the screwed conduit 
attracts me as being the ideal system, although perhaps 
rather costly. Of the weak points in wiring, joints and 
connectors perhaps give the most trouble. No doubt 
space is the real problem, and here again I should like 
to suggest that the trouble could be largely overcome 
by using copper braid to take the place of the ferrule or 
interlaced joint. The adoption of this method, which 
was patented by the late Mr. C. Vernier, would enable 
joints to be made in less space and often in positions 
impossible with any other method. In regard to main 
switches, I favour a more substantial type of the iron- 
clad pattern, as many of the older designs have been 
overworked until only a make and not a break is 
possible. I agree with Mr. Munro that a range of iron- 
olad double-pole switches of the 15-, 30- and 60-ampere 
sizes, with cut-outs attached, is needed on fuse boards. 
I think that Home Office pattern cut-outs only should 
be used, and that more attention should be paid to 
indicating the circuit; this ensures a great saving of time 
when trouble occurs. More attention should also be 
paid to sub-fusing, and some governing regulation is 
needed to ensure a real factor of safety. The later 
patterns of branch switches now adopted are desirable 
in view of the too numerous accidents which occur. 
The. insulated-cover non-detachable pattern is ideal and 


provides the answer to the all-important question of 
earthing, which, apart from exceptional circunistances, 
could be avoided. Where considerable extra cost in 
plant to reduce the pressure to meet Home Office 
Regulations has to be considered, the problem is solved. 
A fool-proof pattern of combined switch and socket 
now on the market should soon make all other types 
obsolete. As with all buildings, a central position for 
the main service is desirable in tenements, and this 
can be arranged in new houses and buildings. Supply 
undertakings have, in the past, been able to choose 
the place for the entry .of the service, but the 
position to-day is somewhat changed. The owner or 
tenant has to be considered sometimes to the detri- 
ment of design as a means of securing the business. 
The design and reliability of rising mains are an 
important factor, for they really form part of the main 
service. The system of rising mains with a double 
neutral should, in my opinion, be enforced by the supply 
undertaking's by-laws, in order to reduce the possi- 
bility of out-of-balance troubles in case of defective 
wiring. As regards the Manchester systems mentioned 
in the paper, 1 think the most desirable is the one 
where the individual house wiring is taken to the main 
service with meters and double-pole switch and cut-outs 
in each consumer's premises. The sub-service system 
in which mains are run to the various floors, with feeds 
to the various tenants, is generally adopted. 1 do not 
favour the sub-meter system in which a master meter 
is placed at the chief service point with a sub-meter 
for each consumer, as this means extra metering. Cut- 
outs, etc., can be concealed in a case let into the wall. 
Earthing, which is the most important feature of wiring 
systems, is often sadly neglected, and it is not surprising 


- that accidents happen, in view of the lax methods 
adopted. I have known wooden wedges used to make 


the earthing clamp fit. I agree that junction and outlet 
boxes of conduit draw-in systems should be direc- 
tionally set and perhaps marked to avoid interruption 
of supply to consumers in the event of faults. The 
same remark applies to fusing where single fuses are used 


- for numerous consumers. The method of running main 
cables under the eaves of houses with branches into 
_ each house has its drawbacks. In the event of a change 
_of tenancy a wayleave could not be guaranteed, and 
it would be expensive to short-circuit the house in 
' question. The maintenance cost is, of course, increased 
- owing to atmospheric effects, tubed wiring being generally 
. employed on this system. In- the case of new property, 
. the position of apparatus can be very satisfactorily 


arranged if the architect co-operates with the electrical 
contractor, and much cutting. of walls and ceilings is 
avoided. The cost of the'service cable run often con- 
trols its position, and if finish and hidden apparatus 
are essential the extra amount spent on a service cable 
is well worth while. I am of the opinion that the loading 
of 5-ampere switches is often abused. I have frequently 
known heating loads of 3 kW being controlled by such 
a switch. If safety and reliability is to be assured, it 
is very necessary that the limits of design should not be 
exceeded. Only legislation very much overdue will make 
inspection more thorough, as, at present, if the installa- 
tion passes the official test, appearance is not considered. 


eR 


f 
e 


IS 


mz 
at 


MR. MUNRO. AND. MESSRS. MILNE AND RAWLL. 


171 


. Mr. W. Cross: The figures given regarding the cost 
of electricity for heating, water-heating and cooking 
have not previously been fully available. They enable 
one to discuss these applications with prospective con- 
sumers more easily; few householders, however, will 
consider heating by electricity only, and .the easier 
method of approach is to stress the convenience and 
availability of fires for use for short periods up to 3 or 
4 hours. I do not agree with Mr. Munro when he 
states that the bunching of conductors in wood casing 
is a “ somewhat risky practice”; many faults have 
occurred owing to leakage of current across the wood 
dividing fillet, causing charring of the wood and in some 
cases a fire; surely it is safer that the conductors should 
touch one another, thus causing a short-circuit and 
blowing a fuse more quickly, than that they should be 
separated by an inflammable partition. On page 713 
Mr. Munro asks for improved insulation in switches, 
lampholders, etc. I have found that all accessories 
are now suitable for a pressure of 260 volts to earth if 
made by a reputable manufacturer. I am glad that the 
author emphasizes the necessity of bonding and earthing 
lead-alloy systems; it is difficult to get good continuity 


as the fittings are somewhat flimsy and workmen. 


sometimes fail to fix them in difficult situations. I 


have had trouble, when using brass saddles, in fixing ' 


the cable in apparently dry positions, as unsuspected 
moisture had set up an electric couple, thus breaking 
down the cable. The makers now point out the desira- 
bility of using saddles of the same metal as the cable 
covering, and advise braiding over the covering in damp 
situations. Mr. Munro states that slip-socket conduit 
is chiefly used owing to its low first cost; I consider 
that in one respect at least it is superior to screwed 
tubing, as, with the latter, condensation causes rust 
and cable breakdown, whereas these faults do not occur 
with slip-socket conduit. I disagree with Mr. Munro 
when he states (on page 724) that in most cases screwed 
tubing is the best system for domestic work; the slip- 
socket system is cheaper ; it is less liable to condensation; 
alterations (always wanted sooner or later) can be more 
easily carried out; and if properly installed it is 
thoroughly safe and efficient. I think we shall very 
likely revert to some system of non-metallic protection 
for conductors and accessories, such as C.T.S., Maconite, 
and even a vulcanized-rubber cable treble-braided and 
fixed without further protection. If twin cables, lightly 
insulated between cores but heavily protected overall, 
be used, a. fault will usually become a short-circuit and 
blow a fuse. The distribution boards would be wood- 
cased and the branch switches, etc., provided with 
insulated covers, thus making a thoroughly safe system 


- without the necessity of earthing the covering of cables 


and accessories. I agree with the author that good 
planning and workmanship are essential: more jobs ‘are 
spoilt by a faulty lay-out or incompetent workmen than 
by poor quality of material. There would certainly be 
a saving in cost and more efficient and sightly installa- 
tions if architects would make provision for wiring in 
designing the details of a building, and I also agree that. 
if the usual loose cables at the meters were avoided, 
householders would have-one less cause for grumbling. 
Referring to the remarks at the foot of col. 1 on page 728, 


I consider that it is desirable to reduce the numbers of 
joints to a minimum and loop-in at switch and fitting 
points, though the length of cable is increased, as I 
believe that the chance of breakdown at a joint is much 
greater than on many 100 yards of cable, while in the 
event of a fault it is much easier to examine at a switch 
or fitting point than at a joint box, which may be in a 
floor covered by glued linoleum and heavy furniture. I 
agree that heating circuits should be kept separate 
from lighting circuits, as the power required is usuallyf 
30 to 40 times as great, naturally requiring different 
treatment, and there is no real saving in mixing the two 
circuits. Possibly ring mains may be useful for heating 
circuits, but will the average householder allow fuses 
(which at best are not ornamental) to be fixed in the 
reception rooms? The lay-out of the house with com- 
plete electric service is interesting; personally I should 
have a 15-ampere socket in the lounge and a fixed fire 
in the bathroom. Much of the bad work done during - 
the past few years has already failed, causing great 


dissatisfaction to those affected and preventing others 


from using electricity. The imspection suggested by 


the author will prevent the worst work, but only the 


employment of genuine firms who study the various 
methods of wiring and know what appliances are 
satisfactory will enable the public to get satisfactory 
installations at a reasonable cost. | 

Mr. T. D. Martin (communicated): Whilst it may be 
true that the subject must appear elementary to most, 


‘the huge number of installations connected in recent 


years to most supply undertakings makes it imperative 
that supply engineers should study more closely this 


. question of the installation of electricity in the smaller 


houses. 


Mr. Munro appears to be wholeheartedly in 
favour of the screwed conduit system, but on page 724 


‘he says, “ except in cases where the installation has to 


be fitted in an occupied and finished house.” The 


‘number of installations fitted in occupied and finished 
: houses, compared with those fitted in houses in process 


' proportion of 8 to 1. 


of being built, could be reasonably assumed to be in the 
One is therefore driven to the 


‘ conclusion that if screwed conduit is the best all-round 
. job for the new house, the other category, owing to its 
: preponderance, is entitled to special consideration, and 


we should endeavour to find a system which would be 
a standard and could be adopted in all cases. On 
page 717 the author states as the strongest. possible 
recommendation for the screwed conduit system, that 
the withdrawal of cables every 20 or 30 years, due to 
the oxidation of the rubber insulation, can be easily 


‘done without involving repainting and repapering. 


We know that in the electrically lighted house both 
paint and paper last very much longer than with other 


: forms of illumination, and one can imagine that it would. 


be quite easy to arrange for the re-wiring to coincide. 


with the redecoration of a house after such a long. 


_vincing, in view of the high initial cost. 


period. If, therefore, this is the strongest possible 
recommendation, it does not appear to be very con- 
In considering: 


the occupied and finished house, if access can be 
obtained to floor boards for lower. ceiling points there 
‘is much to be said for slip tubing with a good type of 


. 


grip connector for couplings, etc., provided the .work-. 
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manship is sound, vertical runs being kept in passages. 
In the type of flats common to this town (South Shields) 
there is frequent trouble, due to the occupier of an 
upstairs flat refusing permission for floor boards to be 
lifted to accommodate the fitting of ceiling lights in 
the lower flat, and the type of installation adopted here 
has been that of the lead-alloy-covered system. When 
a pair of flats are wired simultaneously the service is 
taken into the lower flat and the meter set is placed on 
the dividing wall. The service is then looped and taken 
through the wall, and the meter for the upstairs flat is 
placed in a convenient position on the other side. Some 
14 500 installations in occupied property have been 
fitted in this way during the past 24 years. Coming 
now to new houses which have been wired whilst being 
built, i.e. previous to plastering, on a housing scheme 
of some 1 500 houses, part of which were wired on the 
lead-alloy-covered system and part with split tubing 
and grip couplings, the split-tubing jobs were quite a 
sound proposition. The cost was at least 40 per cent 
lower than that of the lead-alloy-covered jobs, and on 
an average 9-point installation the insulation resistance 
was invariably 10 to 20 megohms. Earlier in the 
paper the split-tubing job is compared with the lead- 
alloy job. No great number of these installations 
were done by any one contractor, and unless there is an 
opportunity, due to repetitive work, for reducing the 
cost the screwed-conduit drawn-in job is prohibitive. 
If we are to popularize electricity we must have a cheap 
and safe type of installation. When we come to con- 
sider the heating and cooking question, the apparatus 
should only be connected to a separate heating installa- 
tion, whether or not it is paralleled at the meter with 
the lighting installation for tariff purposes. In the 
housing scheme just mentioned there is no gas service 
throughout the estate. The possibilities of cooking 
loads are likely to concern the mains engineer very 
seriously in the near future, but if some form of “ hay- 
box ” type of cooker with electrically heated, detach- 
able hot-plates becomes general—and I see no reason 
why it should not—then, due to the better diversity 
factor, the mains capacities will serve a little longer, 
and so bring up the load factor sufficiently to allow 
capital to be spent on mains in a manner that will make 
ample provision: for the future. I heartily endorse Mr. 
Munro’s suggestion that there should be only one fuse 
metal, namely copper. Also the suggestion that 
Switch covers and handles should be insulated in every 
case is met by the use of bakelite. The extra cost per 
tumbler switch is very small. I cannot understand 
why the author disapproves of the looped system. I 
should like him to explain how the difficulty of tracing 
faults is increased by looping (page 728), also, if the 
arguments that “ we supply more cable to go wrong ” 
and secondly “subject a greater proportion of cable 
and switch insulation to constant electrical stress ” are 
to be admitted, then 2-way switching, etc., will no longer 
be used. The author’s final suggestion is one that 
should be followed up, and would be the quickest way 
to standardization. All supply undertakings should 
have power to condemn an installation on visual 
inspection and not only on the result of the insulation- 
resistance test. 


Dealing now with Messrs. Milne and Rawll’s paper, 
in the section on “‘ Lighting ” the authors state that some 
supply engineers regard the lighting load as a necessary 
evil. Whilst this is too pessimistic a view, too much 
attention should not be paid to the following statement 
that ‘‘the average supply undertaking obtains practi- 
cally half of its revenue from the sale of energy for 
lighting purposes.” It does not follow that this would 
account for half of the profits on an average under- 
taking; it is quite possible that energy is sold at a loss 
to many lighting consumers, because of high capital 
and establishment charges. Lighting should only be 
regarded as the thin end of the wedge, leading to larger 
current-consuming apparatus, and it is the diversity 
between these loads and the consequent improvement 
of load factor that makes the domestic load profitable. 
High-temperature radiant heaters still hold their own, 
but, as with all forms of electric heating, the ventilation 
of rooms requires special consideration. Old-fashioned 
chimney flues are no longer useful, and ventilating 
apertures near the ceiling are indicated in this connec- 
tion. As regards the tubular heater, it seems wrong to 
put a heating element within a heat-resisting insulator. 
Such heaters are probably very suitable for placing 
along the bottom of shop windows to prevent con- 
densation on the window. The great drawback to 
hot-water storage in an old house is the capital cost 
and necessary alterations. I agree with the authors 
that there is good business to be done if suitable hire 
and maintenance terms can be arranged. ‘Their remarks 
on the instantaneous geyser are very interesting and 
important. The idea of a bare element in the water 
being heated, with only a comparatively short distance 
between it and an earthed tap or spout, appears to me 
to be extremely undesirable, and I can quite believe 
that the leakage figure would exceed the maximum 
permitted by the Commissioners’ Regulations. In 
this district, with its very hard magnesia limestone 
water, the electric kettle is a problem. The cooker I 
have in mind, as mentioned in the discussion on Mr. 
Munro’s paper, is a double-chambered heat-insulated 
“ box ” with an “ enclosed ” boiling ring which can be 
detached from its plug and dropped into the bottom of 
one of the chambers. Water is boiled on the ring for 
vegetables, and the pan, with vegetables and the boiling 
water, is put into one chamber while the almost red-hot 
ring is placed into the other chamber, with the meat 
in its dish on the hot ring. The lids are put on and 
sealed up, and for an expenditure of about 4 kWh, 
i.e. the amount of energy to bring the vegetable water 
up to boiling point, the whole of a lunch or small dinner 
for three or four persons can be cooked. An ordinary 
aluminium kettle with machined bottom would com- 
plete the equipment. | 

Mr. R. E. Robson (communicated): Mr. Munro is 
all in favour of screwed tubing, but if there is a pro- 
gressive supply undertaking in the district, who, anxious 
to sell current, want a cheap installation, the close- 
joint system with grips must be employed. There is 
no question that this is the cheapest system, and 
certainly it answers its purpose. Hundreds of thousands 
of these installations have been put in in the North of 
England and have given satisfaction when the workman- 
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ship has been good. In fact, many thousands of instal- 
lations on this system without grips, which were put in 
20 years ago, are still in use, and there have been few 
complaints. The life of a close-joint job in a dwelling 
house can be taken as being at least 25 years. Is it 
worth spending another 50 per cent for a better job 
when the first will probably last a lifetime? I certainly 
agree that all wiring should be estimated for by quanti- 
ties, not per point, except perhaps on repetition work. 
Mr. Munro states that his paper does not deal with 
problems connected with electrochemical changes in 
installation components, etc., but it would have been an 
advantage had it done so, for such information would 
be very useful. Regarding small private-plant installa- 
tions, it is cheaper to use ordinary 250-volt apparatus 
even on 25-volt installations, so that these installations 
should be satisfactory when connected to the public 
supply and should be able to deal with a much greater 
load. With regard to cables, one seldom finds a break- 
down on any cable made by a C.M.A. firm, whether 
Association or ‘‘ Nonazo,”’ so that it appears to me 
that “ Nonazo” cable is quite good enough for any 
ordinary installations. Again, if the cables used with 
patent wiring systems were proportionally as.cheap as 
vulcanized-rubber, “ Nonazo”’ cables, then perhaps 
they would compete with close-joint wiring; metal- 
sheathed wire is surely not worth the difference charged 
for metal sheathing over two vulcanized-rubber cables of 
the same size. When cables break down in house wiring, 
bad workmanship is to blame in practically every case. 
The author refers to chemical action with lead sheath- 
ing run on wood; I have found that this occurs even 
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Mr. H. Moss: The question of apprenticeship, 
mentioned by Mr. Munro, is one which 1 have much at 
heart and for which I am fighting in our own particular 
branch of the industry, because 1 do feel that a limitation 
of the number of boys coming into the industry, so that 
those boys can serve a proper indentured apprenticeship 
and be properly trained, will in a few years produce a 
far better electrical contractor’s workman. Theindustry 
is at present suffering from the influx of thousands of 
boys who have been temporarily employed by what 
may be called ‘‘ kerbstone’’ contractors, and who, 
when the contracts have been finished, have been turned 
out on to the streets with no knowledge of any trade. 
I should like to have some further information with 
regard to the electric tools which Mr. Munro suggests 
might be used for cutting out joists, etc. On page 723 
he says: “Tradesmen should be able to rely in future 
on the assistance of electrical energy during all building 
operations—even on housing schemes,” but I do not 
imagine for a moment that the supply undertaking will 
lay their service lines to all those houses before the roof 
is on. With that class of house wiring I think that if 
the roof is covered by noon the wiring will be installed 
by 5 p.m., and it would be hardly advisable for the 


supply undertaking to lay a service and meter to give 


to the contractor the advantage of any portable tools 
which might be used. In the case of larger buildings, 


when to ordinary appearances the wood (pitch-pine) 
is dry. The author mentions expensive paintwork. 
If owners of installations would use a little inexpensive 
paint on the various metal work of their electric light 
conduits and outside fittings, these would last longer. 
With regard to switches, there are far too many types; 
I think the day is not far distant when all branch 
switches will be of the insulated type. In connection 
with indicator switches when “ off,” “ low,” ** medium,” 
and “full” are shown, it would be better to use the 
initial letters only, as there are too many letters in the 
words to indicate plainly. I agree that when there is 
no competition with other firms, 3-pin plugs should be 
used for all portable apparatus. Heating and lighting 
circuits should not be mixed, but on two-part tariffs 
lighting may be taken off a heating socket if a special 
plug adaptor containing a smaller fuse is used. I do 
not agree that 3/:029 wire is better than 1/-044. The 
slightest nick of a knife will sever a strand of the 
former, and the latter is sufficiently flexible for ordinary 
use. I was particularly interested in the system adopted 
for the Weir houses. In conjunction with another 
member, I evolved a lead-sheathed wiring system which, 
with printed instructions, could be fixed by unskilled 
labour or by the person purchasing the outfit, but as 
the price for 6 lights was between £5 and £6, and as 
wiring for a similar number of lights was being carried 
out by so-called “ contractors *” for just over £3, there 
was no market. 


[The replies of Mr. Munro and Messrs. Milne and 
Rawll to this discussion will be found on pages 782 and 
786 respectively.] 
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taking three, four or six months to wire, there may be 
something in Mr. Munro’s suggestion. He gives me the 
impression that the electric tools which he mentions are. 
available, but I have not as yet seen any of them in use. 

Mr. J. G. Craven: I am in entire agreement with 
Mr. Munro in regard to prevision by architects. No one 
in the contracting business can fail to see, when going 
over various buildings and houses, that if there had 
been a little foresight by either the builder or architect 
a considerable amount would have been saved on the 
electrical installation. Mr. Munro mentions wood- 
casing work. This class of work is no doubt ruled out 
by the labour costs. In this city there are wood-casing 
jobs which are a credit to the carpenters who carried 
them out, but from an electrical point of view they leave 
much to be desired because in a number of instances, 
on jobs that have been carried out with wood casing, 
circular porcelain cut-outs are fixed in every out-of- 
the-way corner and even under floor boards. If any 


faults occur, the fuses must, in a large number of cases, 


be very difficult to trace. Mr. Munro also mentions 
junction and outlet boxes for the numerous lead and 
alloy-sheathed systems. There is no doubt that those 
of the “sardine tin” type are lacking in mechanical 
strength, and are not suitable for use in damp situations, 
and the bonding rings that are used in connection with 
these systems are most difficult to fit, even in ideal 
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conditions. With regard to switch-plugs fixed on 
skirting boards, Mr. Munro mentions a device which 
can be operated by the foot. Personally 1 have never 
understood why it should be necessary for anyone to 
have to bend down to switch a radiator on or off. I 
think there is an opening for a manufacturer to put a 
switch on the market which could be operated by the 
foot. It might be one of the rotary type fitted with 
a ratchet; the difficulty might, however, arise with 
an indicating dial to show whether it was on or off, but 
no doubt this could be overcome. There is a very 
great deal of “ jerry *” work still being carried out on 
housing schemes, and from my own point of view and 
from, I think, my firm’s point of view, we find it 
practically a waste of time to quote for corporation 
housing schemes; it is impossible to use British materials 
and carry out the work at a profit. I should like to 
ask Mr. Munro whether he does not agree that there is 
still a very big percentage of shoddy work being carried 
out amongst contractors who are not on the National 
Register. Is not the cause of this chiefly that manu- 
facturers give credit without discrimination? With 
regard to conduits, does not Mr. Munro think that an 
improvement could be made with regard to the enamel 
which, even with the best qualities that one can obtain, 
leaves something to be desired? It would probably 
be worth while for manufacturers of conduits to look 
into the question of treating conduit with a cellulose 
enamel which might be more durable than the present 
enamels. Mr. Munro mentions an electric tool for 
chasing down walls. Can one be obtained for this 
purpose at the present time? | 

Mr. A. Innes: In Table 2 Mr. Munro gives the 
comparative costs of conduit systems and to a very 
great extent I agree with his figures. I certainly agree 
with the conclusions at which he has arrived. In 
contrast to a previous speaker, 1 think that if we could 
get screwed tube conduit throughout the system it 
would be better for all concerned. Unfortunately the 
question of cost prohibits its use in small houses, 
especially the houses which we are wiring at present 
under the assisted wiring scheme. We should upset 
the house too much and do more damage than the cost 
of the installation, though I think it would be an ideal 
system. A standard specification is what is needed if 
wiring schemes are to become more uniform, especially 
if the supply undertakings could be induced to work 
to it generally. Unfortunately, we have a variety of 
specifications not only from consulting engineers but 
particularly from architects. The latter sometimes ask 
for a certain thing and in some cases do not know when 
they have got what they asked for. There is something 
to be said for Mr. Munro's plea for more inspection, 
because it hardly seems fair that the supply under- 
takings should inspect their own work as they are doing 
to-day, in cases where they are competing with the 
contractor for the work. Hard-rubber-covered and 
lead-covered systems have come to stay, and I think 
that the former will be more and more used for the 
cheaper form of wiring. One of the disadvantages 
when portable apparatus such as electric irons, radiators, 
etc., are used, is that an efficient earth must be provided. 


If an earth wire has to be run all over the house the 


cost of the installation will probably be found to be 
equal to that of a conduit system. Mr. Munro mentions 
that it might be economical to run a ring main. It 
might be a good solution, if such a thing were possible, 
to run a tube all over the honse for a combined service 
if there were some combined fuses and plugs which could 
be fixed on the skirting to supply the radiators, etc., 
and the cost would probably be less than in the case 
where separate circuit fuses are placed all round the 
house. I agree with Mr. Munro that it would be a good 
thing if the thickness of plaster were such that we could 
bury our conduit in it, but the cost would be so pro- 
hibitive as to outweigh the advantages we should derive 
by not having to sink the conduit in the wall. Many 
of the present-day small houses are certainly jerry- 
built. Where the thickness of the wall is only that of 
a single brick it is extremely difficult to run the conduit 
and fix sunk switches. 

Mr. D. H. S. Sanderson: I think that, for surface 
work, lead is certainly preferable to any other sheathing 
inthe house. Its disadvantage is that, even in the best 
of installations, unless an absolutely damp-proof terminal 
box is fitted in every case there is a danger of moisture 
creeping in, with consequent corrosion. If after perhaps 
10, 12 or 15 years with sunk lead-covered cable, the 
wire breaks, it is absolutely impossible then to replace it. 
When conduit is used the old cable can be drawn out 
and replaced by new. During the past few weeks I 
have been concerned with an installation that was put 
in about 25 years ago, consisting of brazed or solid- 
drawn tubing sunk in the plaster and casing and capping 
under floor boards and in false roofs. The rubber of 
the cable had perished behind the switch-plates and 
faults were occurring. The switches were, of course, 


25 years old. It has been perfectly simple to renew 


the old installation by merely drawing out the old 
cable and replacing it by new cable. That, I think, 
is one of the great advantages of conduit, because 
rubber has not yet been brought to such a state of per- 
fection that it will not perish after 25 years. All the 
wiring should be carried out to last 50 or more years— 
if the present-day houses will last as long. Mr. Munro 
states that he does not like the idea of having porcelain 
connectors in the recess of wood blocks. Personally 
I think that there is not a great deal of difference, in 
the case of a dry building, in having porcelain connectors 
behind the wooden block or in some of the present- 
day shallow type of boxes used in metal-sheathed systems. 
I know of a case in which there were four connectors in 
one of those shallow boxes—a rather tight fit—and 
after about two years the pressure forced the conductors 
through the rubber of the cable and caused a fault. 
It is not, I think, necessary to have ventilation in 


‘screwed conduit work, if the conduit is reasonably dry 


at the commencement, before the cables are drawn in. 
It is surprising that tumbler switches are still used as 
main switches in houses valued at about £1000. Mr. 
Munro mentions flush switches and switch boxes, and 
the desirability of having the boxes deep enough for 
the conduit to be sunk sufficiently far into the wall. 
There are a few boxes so designed, but many of the 
sunk switch-boxes are not deep enough. Another 
point is the variety of screws which are required for 
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fixing uitehess, 
necessary to hold the switch in the box. I think that 
all makers should standardize, for one particular firm 
will make boxes to take switches with holes tapped 
3% in., yin. and in some cases with even a B.A. 
thread. Wiremen go to one job with a box of +y-in. 
screws and, finding that the holes are ;%; in., force the 
screws in, strip the threads and leave the switches 
loose. 

Mr. J. B. Walburn : In my opinion screwed conduit 
is the worst form of wiring to install in a house which 
is already occupied, as it is impossible to do so without 
knocking the house to pieces. In my experience the 
majority of faults are in screwed-conduit systems. 
Unless the workman is continually watched, he will not 
fix the tubing first before drawing-in the wires, but 
instead erects the tube and wires together, and at the 
same time twists the wires; also he very seldom reamers 
the end of the tube and, naturally, the insulation is 
stripped off. I think that the best and cheapest form 
of wiring is the tough-rubber-sheathed system, and I 
am of the opinion that this type of wiring has 10 years’ 
longer life, as far as maintenance is concerned, than any 
other form. Lead-sheathed systems come next. It 
is impossible to fix the tube in position first in an existing 
building and draw the wires in afterwards, as according 
to the specifications the tubing should be brought 
through the ceiling in every case and should be con- 
tinuous. One speaker has mentioned the difficulty of 
earthing where installations are wired with a tough- 
rubber type of cable, but I think that it is only in certain 
parts of houses, e.g. the kitchens and cellars, where it is 
necessary. It is not usually necessary to earth apparatus 
in bedrooms. I think that it is necessary to have ventila- 
tion holes in conduit systems, especially in buildings 
which are subject to changes of temperature. Some time 
ago I saw an installation in which there was an extensive 
scheme of water-heating for a number of flats. The 
wiring was carried out with bare copper from floor to 
floor and was capable of carying a load of 400 amperes. 
The bare copper was run from the ground floor to the 
top of the building, teed off at certain points and cased 
with wood, and it has, I understand, given no trouble. 
I am of the opinion that architects should not be allowed 
to submit specifications for installation work. They 
would no doubt complain if electrical engineers were to 
submit specifications for buildings. A previous speaker 
has said that tubing lends itself to alterations and 
additions. I say it lends itself to shoddy work, because 
wires are usually drawn into a certain point, probably 
the nearest joint box, and a joint is made. Later, 
alterations are necessary and further joints are made. 


If a lead-sheathed cable or tough-rubber-covered cable. 


is used there is no need to make joints except in the 
joint boxes provided in the system. The system does 
not lend itself to shoddy work. It is usually found 
that householders inquire whether the installation 
work will make a mess. 
screwed tubing the answer has to be in the affirmative, 
but if it is intended to install lead-sheathed or tough- 
rubber-covered wiring it is possible to say ‘‘ No,” and 
I take it that this helps supply undertakings to obtain 
consumers. With regard to the tough-rubber-covered 


Soméfies lin. to 2-in. screws are 


If it- -is intended to install. 


wire, I do not see any an erik wire should not be 
enclosed in the rubber sheath. 

Mr. H. G. Fraser : Mr. Munro mentions the desir- 
ability of fixing apparatus in the house in a permanent 
position, but I cannot agree with him on that point. 
We have not yet, I think, reached the stage where we 
can afford to ignore the advantages of portable apparatus. 
Everyone knows that in the average house practically 


_all the electrical apparatus is used in all the rooms. 


If we were to endeavour to do away with that system 
I think we should take a backward step. The question 
of architects is a very vexed one. Is not architects’ 
work, as a rule, very largely the result of public opinion, 
and is it not the public that we want to educate, as well 
as the architect? In electrical matters he simply does, 
more or less, what the public asks him to do. Specifica- 
tions are another matter altogether. What frequently 
happens to-day is that we give a specification to an 
architect for one particular job. He carries out the 
work six months or a year afterwards and bases other 
contracts on that specification although it is unsuitable 
for them. 

Mr. F. S. G. Hinings : Some few years ago a rat 
gnawed through a lead water-pipe of considerable 
thickness in my house. This experience has made me 
think of the danger of rats attacking lead-sheathed 
electric ‘cables. I was once told by a South African 
supply engineer, however, that when first his overhead 
transmission lines were put into operation he had a 
number of breakdowns due to monkeys climbing up 
and touching the overhead conductors. After the first 
year's working these accidents grew fewer and eventually 
ceased. I was told that these monkeys knew by instinct, 
in time, whether the overhead conductors were alive 
or dead. I am therefore of the opinion that in a similar 
manner rats can distinguish between a lead-sheathed 
electric cable and a lead water-pipe. What is the best 
type of switch-plug, i.e. one which it would be quite 
impossible for children to probe inside and so receive 


shocks? Some form of interlocking switch-plug should 


be made compulsory, so as to make every plug foolproof. 
I have tested several types of interlocking switch-plugs 


and so far have not had satisfactory results for long 


periods. I have found with the rotary type that the 
insertion or withdrawal puts a great strain upon the. 
prongs of the switch. This in time causes the switch 


to make either poor contact or none at all. With other 
designs of interlocked switch-plugs I have experienced 
. trouble due to the switch jamming. . 


Mr. H. P. Bramwell : In view of the rapid growth 


' of the domestic load on public electricity supply systems, 


with the consequent increase in size of cables and trans- 
formers, Mr. Munro’s reference to the possibility of 
short-circuit values of several thousand amperes: being 
attained on house circuits is timely. Reference to the 
I.E.E. Wiring Regulations shows that an “‘ ordinary 
duty ” cut-out for a working current of 10 to 30 amperes 
is inadmissible under these conditions, and it seems 
to be very important that the type of cut-out to be used 


: should receive full consideration from the supply under- 


taking concerned. Tests conducted recently on various 


. types of small ironclad fuses and switch-fuses showed 


that, when the metal case is earthed, some types cannot 
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be relied upon to clear a short-circuit, even when the 
maximum current is limited to the value specified for 
“ordinary duty” cut-outs. The cause of failure in 
these cut-outs was a flash-over from the live terminal 
to the earthed case. Another matter on which I am in 
agreement with Mr. Munro is in the use of 1/-044 cable 
for house wiring. It is much used in houses wired for 
the ‘‘ speculative *” builder, and is tolerated, although 
not encouraged, by many supply undertakings. It 
appears to be very desirable that action should be taken, 
preferably by the Institution, to forbid its use. 

Mr. J. D. Green: Much of the faulty workmanship 
seen in installations is due more or less to the fact that 
the work is not thoroughly inspected. In many cases 
the installation is not tested for conduit continuity. 
Screwed tubing is, I think, very satisfactory. If any 
alteration has to be made years after the installation 
has been completed, it can always be done without 
interfering with decorations, and very often it is found 


that new tenants want more up-to-date methods of 
lighting. Probably the electrical installation in the 
small house in the first instance has been a cheap job 
without 2-way switching. If the new tenant wants 
2-way switching it is almost impossible to provide it 
without damaging the decorations, if the wiring has 
been done on any other system covered with plaster. I 
think that where the C.T.S. system is used in small 
houses, the cable should be enclosed in tubing from the 
ceiling to the switch positions, to enable a wireman to 
draw it in or out if any alterations to switching become 
necessary. Portable apparatus has, I think, come to 
stay. The old-fashioned system of the vacuum-cleaner 
equipment standing in the basement would be out of 
the question in small houses as they have no cellars 
or other room available. 


(Mr. Munro’s reply to this discussion will be found on 
page 782.] 


SOUTH MIDLAND CENTRE, AT BIRMINGHAM, 7TH Marcu, 1928. 


Prof. W. Cramp: The troubles in house wiring are 
almost entirely due to two causes, namely, stupidity 
and ignorance. With regard to the former, Mr. Munro 
is right in suggesting that much help might be given by 
more consideration on the part of the architect, but, 
apart from this, both the wiring contractor and the 
householder are often to blame. Stupidity gives rise to 
many difficulties not mentioned in the paper. For 
instance, it is common practice to provide meters with 
dials which are too small to be read easily, and to place 
them in a position which calls for a pair of steps and 
a candle. The latter objection applies also to the 
position of fuse boards, and the replacement of the fuse 
wires is rendered difficult by the absurdly small screws 
usually provided. Mr. Munro's remedy for the difficulty 
of knowing when a fuse has blown, i.e. the substitution 


of a cartridge fuse with indicator, should not be necessary. . 


Every contractor should see that within each fuse board 
is a table showing the numbers of the fuses and the 
circuits they control. In the same category are the 
householder’s troubles when he wishes to replace a 
defective heating unit. Delays of many weeks often 
occur in the supply of such parts, and when delivered 
they will not always fit. Faults due to ignorance are 
chiefly caused by the accumulation of damp and by 
faulty earthing. Mr. Munro refers to the attitude of the 
Institution in regard to slip or grip tubing, and I am 
entirely in agreement with him that the I.E.E. Wiring 
Regulations should definitely discountenance the use of 
both types; for, even if the continuity test is satisfactory 
when the installation is new, not many months pass 
before resistance arises at the joints. Reference is also 
made to the effect of air containing salt water. I know 
of instances in towns by the sea where tumbler switches 
are always put on the earth wire because of the shocks 
received from the dollies if they are on the live side. 
This should be prohibited. If a 230-volt a.c. supply 
becomes standard, in my opinion every sub-circuit should 
be provided with a double-pole switch, which is quite 
possible now that double-pole tumbler switches are on 


the market. Mr. Munro considers that the black 
enamel on a steel tube is a sufficient protection against 
moisture. I do not agree, especially when, as is often 
the case, the tubes have been bent when cold. He also 
thinks that a small hole to drain the tubing is a sufficient 
protection against accumulated moisture, but my 
experience shows that this remedy is useless where 
horizontal lengths of tube exist. The presence of water 
is due to either condensation or osmosis, or both. For 
osmosis there is only one remedy, namely, the sealing of 
the ends of the wires; but much trouble may be avoided 
without this, if a double-pole change-over switch is used 
to reverse the polarity of the installation periodically. 
Condensation in steel-tube systems renders them unsafe 
in cellars and churches. Similar troubles are encountered 
with lead-covered wire, where electrolysis and chemical 
action will frequently occur at the clips for earthing and 
for fixing. It is a common sight to see many of these 
clips broken off. Mr. Munro thinks that old cable can 
be withdrawn after 20 years and new substituted, but 
that is not my experience. The interior of the tubes by 
this time is rusty and rough, and on withdrawing the 
wires the insulation is often left behind, thus blocking 
the tube. I am forced to the conclusion that a com- 
pletely insulated system is the best, and fortunately it 
is now within the range of possibility. In Table 2, 
system C or D is, on the whole, better than system A or 
B, although there are several types of wire now on the 
market other than Maconite and similar to it. It is 
surprising that Mr. Munro does not refer to bakelite, for 
by its use all parts of switches, fuse boxes, etc., hitherto 
made of metal, can be made of an insulating material 
having a very high specific resistance. This, when 
combined with system C or D, gives an ideal installation, 
and much wire may be saved by running direct from one 
point to another, instead of following the contour of 
a room in conduit. I often find that the lowest insula- 
tion resistance is in the meter, and makers should 
certainly improve this fault. I also frequently find that 
the supply undertaking does not earth the meter or the 
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main fuse box, which seems to me to be dangerous, 
since these parts are usually placed in the cellar and 
within reach of the householder. Summing up, 1 should 
contend that satisfactory permanent earthing is impos- 
sible with lead-covered wire or with slip or grip tubing, 
and is rarely satisfactory with screwed steel tubes. 
Permanent continuous earthing is not carried out in 
one installation out of ten, for which reason 1 think it 
better to aim at permanent continuous insulation 
throughout. Itis also desirable that every house should 
be provided with a leakage indicator, to give a warning 
to take the place of that which, with gas, is provided 
by smell. 

Mr. W. Lawson : Moisture is the chief enemy of 
electrical installations, and its effect is most marked in 
damp situations where there is complete absence of 
ventilation. Whilst insulating materials in common use 
will withstand ordinary atmospheric conditions with 
dry and damp periods, they are liable to failure where 
uninterrupted absorption of moisture can take place. 
It is well known that electricity meters are sometimes 
called upon to function in the worst conditions in this 
respect and suffer accordingly. A method which I have 
recently devised to test the damp-resisting qualities of 
various types of meters has yielded some interesting 
results. The meters are enclosed in a tank, at the 
bottom of which is placed a bowl of water. When 
under test the meters rest on a shelf above the water 
and the lid of the tank is kept closed; thus a damp 
atmosphere is created and maintained. Invariably 
there is a very pronounced drop in the insulation resist- 
ance within a few weeks, and in one case the reading 
fell from 25 megohms to zero in less than a month. The 
best material for the tank is wood, which should be well 
coated with paint on the inside; metal is too sensitive 
to changes of temperature producing excessive condensa- 
tion. I suggest that tests of this character might be 
applied with advantage to other classes of apparatus 
liable to the risk of being installed in persistently damp 
situations. 

Messrs. Milne and Rawll call attention, by means of 
curves, to the loss of light owing to dust. I shall be 
interested to know under what conditions (which appear 
to have been severe) the tests were carried out. One 
would certainly expect dust to be largely eliminated in 
an all-electric house. The results of the authors’ 
investigations into the difference of the heating effect of 
the plain type and reflecting type of radiators accord 
with my own experience in the use of these fires. The 
selection of the best type of radiator from a large number 
exhibited in a showroom is no easy matter, and the only 
true criterion is the comfort and approbation of the 
occupants of the room where the radiator is in actual 
use. The authors have touched on the subject of 
domestic tariffs and it is only too true that we have not 
reached finality in this respect. The two-part tariff 
described appeals undoubtedly to the business mind and 
is the best yet devised to popularize the extensive use of 
electricity in the home. Its chief danger is that in 
encouraging the liberal use of electricity for all domestic 
purposes the demand of the consumer may increase 


inordinately, with the result that increase of consumption 
may be accompanied with an actual lowering of the load 
factor. It appears, therefore, that some method of 
restricting the demand should be included where this _ 
tariff is adopted, and the fixed charge estimated on a 
predetermined figure of the maximum demand. It is, 
for instance, not profitable to an undertaking for con- 
sumers suddenly to increase the heating load during 
a cold spell, as this would tend to make the demand on 
the station top-heavy in the winter months. 

Mr. N. M. Hill: As Mr. Munro says, there is no 
doubt that the screwed steel-conduit system is the best, 
but on account of jts cost it is not often used in con- 
nection with the wiring of small houses. The all- 
insulated system referred to by Prof. Cramp is now 
becoming very popular, and a first-class job can be made 
by the use of tough-rubber-insulated cable and bakelite 
accessories, a complete range of which is now available. 
Mr. Munro does not refer to bakelite, but presumably 
this is due to the date at which the paper was written. 
It is, however, of interest to note that the first bakelite 
accessory to be put on the market—a 5-ampere plug and 
socket—was made here at Witton by the General 
Electric Co. in 1924. In the last year or so the use of 
bakelite has extended very rapidly and it now seems 
likely that accessories made ‘of this material will, in 
the future, almost entirely replace the accessories 
hitherto used. The advantages of bakelite are its high 
insulating and heat-resisting properties, combined with 
an excellent appearance and relatively good mechanical 
strength. The tensile strength is of the order of 
5 000 to 6 000 lb. per sq. in., and bakelite is unaffected 
by temperatures up to 350° F. In addition to this, it 
is impervious to moisture and does not distort or crack 
when exposed to tropical conditions. It can be made 
in a number of colourings and moulded to a high degree 
of accuracy. 

Mr.W.M. Cranston (communicated): With reference 
to the induction type of cooking apparatus mentioned 
by Messrs. Milne and Rawll, I should be glad if they 
would say what means are adopted to bring the power 
factor up to the high figures quoted in the paper. From 
the form of the apparatus shown I should expect its 
inherent power factor to be very low, as is the case with 
the induction furnaces alluded to as operating on a 
similar principle. In the case of the induction furnaces, 
of course, advantage is taken of the high frequency to 
install static condensers which are so adjusted that the 
supply is called upon for very little, if any, of the wattless 
current required. If condensers are fitted I can foresee 
two forms of breakdown, first an open-circuit which will 
trouble the supply undertaking somewhat and the user 
not at all, and, second, a short-circuit which will trouble 
the user so much that he will apply to an expert for 
repair. Iam rather afraid that the expert will cure the 
second form of fault by producing the first, to the mutual 
satisfaction of the user and himself. 


(The replies of Mr. Munro and Messrs. Milne and Rawll 
to this discussion will be found on pages 782 and 786 
respectively. | 
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MERSEY AND NORTH WALES (LIVERPOOL) CENTRE, AT LIVERPOOL, 19TH MARCH, 1928. 


Mr. F. V. L. Mathias : On page 713 Mr. Munro says: 
“ It may not be an unmixed evil that so many of the 
new small houses have been fitted with gas . . .,’’ etc. 
It seems to me to be rather late in the day to make 
such a statement. Perhaps he would not mind enlarg- 
ing upon it. He does not appear to be in favour of 
wood casing, but in my opinion it is very satisfactory 
if used in a suitable position. There is very little chance 
of the insulation of the wire being damaged in wood 
casing, as the casing is erected first of all, and the 
wires are laid in it. There is thus no pulling of the 
wires into tubing, with the consequent risk of cutting 
them. Rubber insulation is comparatively easily 
damaged, but if it is put in wood casing it is likely to 


last for years. The author says that wiring put in steel 


tubing can be easily renewed, but that is not my experi- 


ence. I have generally found that if wiring has been 


in steel tubing for any length of time it is impossible 
to draw it out, and the whole job has to be rewired. 
Another drawback to the use of steel tubing is that all 
joists under floors have to be notched, with the result 
that the floors are weakened. If the Maconite or C:T:S. 
system is used the floors are left much as they were 
originally found. Another disadvantage of. steel tubes 
or conduits is that they are almost invariably supplied 
with black enamel, which is difficult to paint to match 


the surroundings. Mr. Munro says that when installing 


tubing it is advisable to leave small holes for ventilation 
purposes. In my experience that is useless; a small 


hole would corrode up at once and would not fulfil any | 


purpose at all. All tubing should be properly ventilated. 
A considerable amount of trouble should be taken to 
see that wiremen are fully acquainted with the art of 
soldering and making joints in conductors. This is 
more especially necessary now because there is so much 
radiator and heating work in houses that bigger currents 
have to be carried, and sound joints should, I think, be 


insisted upon. The average wireman is not used to 


joints, especially in heavy wiring. When only lighting 
was under consideration, joints were made with con- 
nectors which are. quite unsuitable for the heavy cur- 
rents used in modern houses. I agree with Mr. Munro 


in his remarks in regard to time-saving tools; workmen 


are generally poorly equipped. There is sometimes a 
difficulty in getting a supply of electricity before the job 
is finished, but arrangements can often be made with 
the supply undertaking to connect up a temporary 
supply for such purposes. I think that the question of 
arrangement of circuits in houses to-day needs to be 
carefully considered. In my own town the connected 
loads in houses of moderate size are up to 40 kW. 
Mr. Munro says that the cost of electrical installations 
should be considered as a percentage of the value of 
the house, and I agree with him. On page 731 he 
details the arrangement for wiring steel houses, and 
on page 733 he shows how it is installed. It seems to 
resemble a wood-casing job which, in the first part of 
the paper, he appeared to dislike. He says that many 
corporations are lax in testing installations, but most 
corporations do not possess very extensive powers. 


All that the majority of them can do is to refuse tocon- 
nect an installation if the insulation resistance is below 
a certain specified amount or if the installation can be 
proved to be a source of nuisance to other consumers. 
Some wiring contractors know this perfectly well and 
they defy undertakers not to connect up the installation 
if it complies with the regulations. I have seen some 
extremely bad wiring, and the only remedy we have 
had is to refer the matter to the fire insurance company. 
I quite agree with Mr. Munro that a separate authority 
should be appointed to inspect. all new work. Fire 
insurance companies appear to have great confidence 
in electrical installations, because they rarely undertake 
any inspection. An excess of rules and regulations 
does not tend to popularize the use or cheapen the cost 
of electricity. Personally I should like to see them 
relaxed to some extent. The quality of the work is 
largely dependent upon the class of men employed. 

Referring now to Messrs. Milne and Rawll's paper, I 
thoroughly agree with all their remarks on page 7386, 
and also with their findings on the question of dust 
and dirt in lighting fittings. Have they had any 
particular difficulty with the life of gas-filled inverted 
lamps? - I have found the life unduly short, possibly 
because the lamps are used upside down. I feel that 
the prices of Jamps might well be reduced. Consider- 
‘able difficulty is being experienced in subsidy houses; 
lamps -have been replaced by others bought at 6d. 
each, and this rather reacts. on supply. undertakings 
because of the consumption, etc. Have the authors any 
particular experience of low-temperature heating? I 
believe that in America.and Russia, where such heating 
is used, considerable trouble is being experienced from 
tuberculosis germs, which find a very fertile breeding 
ground in places heated by low-temperature radiation, 
and I believe it is stated that the luminous or high- 
temperature radiator is very much more hygienic. I 
thoroughly agree with the author’s remarks in regard 
to the loading of water heaters. I think that every 
advantage should be taken of the possibility of storing 
heat in water; and all supply undertakings are anxious 
to obtain night loads. One method of cooking not 
mentioned by the authors is “* pressure cooking,” which 
is, I believe, used in America to a large extent. It is 
claimed that vegetables can be cooked very much more 
rapidly with this method than with ordinary boiling. 1 
agree with the authors that the rateable-value system 
of charging is the best. Although the rateable value of 
premises bears no relation to the electrical demand, it 
is a convenient basis for charging and, from a business 
point of view, works well in practice. Table 3 does not 
include the cost of wiring, and radiators should have 
been added to the list of materials. The authors say 
that the cost of wiring is-not taken into consideration 
because a hire system was in operation, but this does 
not mean that the wiring is free. 

Mr. H. C. Hazel: I agree with Mr. Munro that 
wiring rules should be made more rigorous, and I think 
that the time has now arrived when the I.E.E. Wiring 
Regulations should be made compulsory for all classes 
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of wiring installations. I think that Mr. Munro is 
rather unfair to the conduit system. For a completely 
surface-wired job, brazed or even open-joint conduit 
connected with good grip fittings protecting the cables 
is very efficient from. both the electrical and mechanical 
‘standpoints, and is cheaper than a screwed-conduit job. 
Such a system is frequently used in Liverpool for 
wiring in office buildings. I agree with the author’s 
remarks in regard to fuse wire and carriers. I think 
that one class of material should now be standardized 
for fuse wire, and that fuse wire, especially for house- 
hold circuits, should be numbered, say, No. 1 for 
10 amperes, No. 2 for 20 amperes, and so on, and that 
the fuse bridges should be numbered for the size of wire 
‘to be carried. Fuses are the natural safety valves of 
an installation, but owing to the fact’ that copper wire 
of larger diameter than the wire the fuse is supposed 
to protect is often used, it becomes a positive danger, 
whereas this would be obviated if the fuses were of 
standard material and numbered as suggested. I 
believe that the multiplicity of tarifís is one of the 
reasons why electricity has not been more fully used in 
the home; and I think that a cheap flat rate, with a 
reduced rate per quarter for all current consumed over 
a fixed amount,’ both for lighting and power, should be 
aimed at. 
remarks in regard to prevision.by architects. 


I am in full agreement with Mr. Munro’s | 
I cannot : 


understand why architects will not consult electrical ' 


contractors and: other specialists before definitely 
‘deciding on their plans, with a view to making provision 


‘for the specialists: installation, as this would enable a . 
considerable saving to be effected in the cost of cutting ' 


away and making good. 


: An all-in charge ‘of $d. per unit for electric water-heat- 
ing, as suggested by Messrs. Milne and: Rawll, would no 7 


‘doubt popularize this method. Have the authors any : 


data relative to a large private house or office building 
which has been converted from coal or. oil heating to 
electric immersion -heaters in boilers? 
ings where ground rents are exceedingly high, the saving 


In office build- : 


in space for fuel and ash would be considerable with the ' 
electrically-operated boilers, which could be arranged | 


to be absolutely automatic by means aor thermostatic 
control. 


Mr.S. Lowey : In Table 2 on page 724 of Mr. Munro’s | 


paper C.T.S. is shown as being unprotected, while 
Maconite is shown as having channel protection where 
exposed. 1 always understood that Maconite, Lecite 
and C.T.S. cables ranked equally in the opinion of the 


I.E.E. Wiring Regulations Committee, and I cannot | 
understand why one should be protected in preference - 


to another. Mr. Munro says: 
able to rely in future on the assistance of electrical 
energy during all building operations—even on housing 
schemes.” 


“Tradesmen should be 


It would rarely happen that the supply ` 


would be available in time for such use in housing . 
schemes, but for ordinary building operations it could 


often be arranged. The use of, say, an a.c. supply at 
230 volts for this purpose is scarcely to be recommended 
when one considers the difficulty of providing efficient 


earthing in such circumstances, but if step-down trans- . 


formers were fitted the use of portable electric tools 
would be safe and would speed up the work enormously. 


On page 717 occurs the expression: “ When in the 
course of 20 or 30 years the rubber is oxidized and 
perished. . . .” There are plenty of examples of cables — 
having been in service for 30 years or more. in wood- 
casing installations and still giving satisfactory service, 
but the rubber insulation probably perished many 
years ago. There seems to be great discrepancy in 
cables of equal grade as now manufactured. In a 
‘sample of one make of ‘‘ Nonazo ” C.T.S. cable 9 months 
old the rubber is already. perished, if loss. of elasticity 
may be considered as evidence of having perished, 
while no change is apparent in other makes of the same 
grade of equal age. 

Table 2 in .Messrs. Milne.and Rawll’s paper is of 
particular interest, but the figures in connection with 
boiling 1 and 2 pints of water by induction apparatus 
seem to me to indicate a rather high. efficiency. 
Although 3-6 kW for one minute (0-06 unit) is required 
to boil 1 pint of water, one would scarcely expect a 
transformer of this large output to be used, and it would 
be quite reasonable to use a transformer of’ much 
smaller rated output considerably overloaded for so 
short a period, but the transformer losses would be 
considerably greater. The cold-water temperature was 
taken and found to be 44° F. and, assuming this. initial 
temperature, the figures given indicate an efficiency of 
102-7 per cent, or 100 per cent with an initial. tempe- 
rature of 48-4° F., unless there are errors in my calcu- 
lations. I should imagine that after allowing for 
transformer and utensil losses the efficiency would be 
about 70 per cent. What efficiency is found . in 
practice? With reference to the leakage consequent on 
the use of geyser heaters where the heating resistors 
are in contact with the water, making the insulation 
resistance of the installation below the requirements of 
the Electricity Commissioners, would this be detrimental 
on an a.c. supply where there is no question of electro- 
lysis of gas or water pipes or sheathing of telephone 
cables to be considered? A low value of insulation 
resistance is dangerous when it is the result of damaged 
or damp wiring, but scarcely so when of short duration 


“and arising from a definite .cause such as a geyser. 


Leakage currents along water pipes. can be a great 
nuisance to wireless reception, and the I.E.E. Wiring 
Regulations Committee may have had this in’ mind 
when they drafted the regulation prohibiting the use of 
such apparatus. When reading the paper the authors 
mentioned that a water engineer had stated that the 
reason for the objection to a main water feed to a 
geyser was that the tank might be full of boiling water 
and that his men, if working on repairs to street water 
mains, might be scalded. I have never heard this 
objection before; the usual objection is that there is a 
danger of possible contamination. Tanks might not 
invariably have tinned or enamelled interiors or might 
be out of use for long periods and, if the contents of a 


‘dirty or stagnant tank flowed back into the mains at 


any time when the water supply was off, to be somewhat 
diluted therein and then re-delivered to the same or a 
neighbouring house as drinking water when the supply 


-was resumed, the objection appears to be well founded. 


Mr. W. Phoenix: I estimate that Fig. 6 in Messrs. 


‘Milne and Rawll’s paper shows a loss of 30 per cent of 
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the current consumed in the day’s running, this being 
the stand-by loss in maintaining the temperature. 
The zigzag line at the top, indicating the temperature 
variation, shows that the thermostatic switch operates 
about 100 times in the course of the day. I think that, 
under these circumstances, if the lagging were improved 
the switching operations and the stand-by losses could 
be reduced. In one particular case where I carried out 
tests on a 10-gallon tank, the losses were 10 units per 
week, This, at 1d. per unit, is equivalent to the cost 
of two baths, for with a well-lagged heater and with 
current at Id. per unit a bath can be obtained at a 
cost of about 44d. The switching, particularly with a 
mercury-tube thermostat, is important. I have seen 
several cases where the mercury has oxidized and the 
skin so formed has prevented the switch from cutting off 
the supply. Maintenance costs are then increased by 
at least 5s., since it is necessary to send a man to carry 
out repairs, and, if 5s. per quarter is charged for hiring, 
no profit can possibly be made during that quarter. 
With reference to boiling-plates on cookers, I think that 
the open type should be adhered to. The closed plates 
are very efficient on the second boiling, but not on the 
first. Special utensils are required and the cost of 
these is rather annoying, whereas with the open boiling- 
plate one may use tin ones if one so desires. Further, 
I think that the loading of the open-type plate should 
be increased; 2400 watts is standard for one large 
boiling-plate of which I have knowledge, and the main- 
tenance cost is no more than on the 1 000-watt plates. 
With the plate mentioned, 2 pints of water may be 
boiled in 74 minutes in an ordinary kettle. Lastly, 
with regard to the table on page 747, I notice that the 
plumbing item in col. 3 is less than that in col. 1 by 
£22 13s.8d. Ifthe plumbing costs are cut out or reduced 
in the third case it is probably because there is no hot- 
water system. Hot water is essential and a 30-gallon 
water heater, which would be about the size installed, 
would, complete with thermostatic switch, cost at least 
£30, the plumbing being additional to that amount. 
Hence the £76 10s. 3d. saved in the all-electric house 
would soon be absorbed, since, in addition to water- 
heating, cooking and general heating must also be catered 
for. 

Mr. A. E. Malpas: As the question of rubber and 
rubber substitutes is of very general interest, a little 
more information as to the actual difference between 
Maconite and the ordinary vulcanized rubber to which 
we have been so long accustomed would be welcome, in 
view of the marked advantages claimed for the new 
material. 

Mr. R. A. Harrison-Watson: On more than one 
occasion in his paper Mr. Munro advocates the use of 
heavy-gauge screwed tubing. I think that all con- 
tracting firms and consulting engineers have come to 
the conclusion that this is the best system as regards 
mechanical and electrical protection. There is no diffi- 
culty in making a neat job of the tubing if properly 
trained wiremen are employed to install it. I agree 
that it is worth the slight extra cost to install ¿ in. dia- 
meter tubing. It has yet to be proved that C.T.S. 
cable will last; after some years’ use vulcanized- 
rubber wire becomes brittle and, when disturbed, 


cracks, with the result that the insulation breaks 
down, and it remains to be seen whether C.T.S. wire 
will have a longer life. In Table 2, giving the per- 
centage costs of labour, I think that the positions of 
(B) and (D) should be reversed. As a contractor I 
nave found from experience that the cost of C.T.S. 
wiring compared with that of screwed tubing with 
vulcanized-rubber wires is much the same per position. 
This is explained by the fact that C.T.S. wire is very 
much dearer than vulcanized-rubber wire. As regards 
tariffs, contractors would much prefer one meter. The 
extra cost of services and additional switches for meters 
is high, and consumers do not like to be told they must 
go to the expense of an additional main switch with the 
connections necessary if a power meter is installed for 
a single radiator. The prevision of architects, so far 
as electric wiring is concerned, is a matter which should 
be given attention. Cenerally the electrician is the 
last man on the job and is expected to get out of every- 
body’s way. The architect usually requires the electric 
pipes to be out of sight and expects the contractor to 
make every effort to ensure this. He always seems to 
accept without question that the plumber or heating 
engineer should have his pipes on the surface, but not 
so the electrician. If the wiring is run properly it can 
be made to look as neat and unsightly as plumbing 
pipes. I agree with Mr. Munro that it is not logical to 
quote for wiring at so much per point. It is undoubtedly 
a wrong basis, because no cost per point is identical. 
The proper way is to take measurements and to esti- 
mate the labour cost by experience. It is difficult to 
explain to consumers why the price should vary in 
different classes of houses. On the whole Mr. Munro 
is generous in his percentage of 5 per cent to 10 
per cent on the cost of the building for the cost of 
the installation. On a house costing £2000, if the 
contractor is allowed £200 for wiring he will be very 
delighted. On a £300 house, it is unlikely that he 
would be allowed even 5 per cent. The usual figure 
in this type of house is about £4 for an installation of 
10 lights. As regards heating, for the past 12 months 
I have used a coke-heated boiler in conjunction with a 
tank in which an electric immersion heater is employed. 
This has given very satisfactory results; there is 
sometimes so much hot water that it has to be run off 
to prevent it boiling. 

Mr. B. L. Myer: I am strongly in agreement with 
Mr. Munro’s conclusions and, bearing in mind that his 
paper relates more particularly to the wiring of small 
houses, I hold the view that too much care cannot be 
taken in the direction of ensuring safety in this class 
of installation work. - Installations may be satisfactory 
in houses just built, but in 10 or 15 years they may be 
inhabited principally by working-class people, with 
possibly many children. I am of the opinion that 
it would be a correct policy to reduce the voltage 
of supply for the lighting of small houses. . It has 
been found necessary to make laws for the protection 
of children from fire, and in small houses, if we have 
many batten lampholders, plugs and sockets of the 
cheaper character such as are installed to-day to keep 
the cost down, before very long we shall have a long 
list of fatalities resulting from the general introduction 
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of a.c. supply at 200 volts or more. I think there would 
be no difficulty in supplying at a lower voltage, say 
100, but even then nothing is to be gained by tolerating 
a shoddy type of work. I have seen a very large number 
of the more important buildings in this district, and 
other parts, that were fitted with electric light as long 
as 25 to 30 years ago, wired in solid-drawn screwed 
conduit, the wiring being drawn in after the building 
was completed and after the conduit was carefully 
fixed. I have some record of the present condition of 
the wiring in these buildings. The minimum of trouble 
has been met with on these particular installations, 
which are giving good service to-day. I cannot under- 
stand why any supply engineer should advocate the 
use of wood casing; in my opinion there can be nothing 
more shoddy. Why not string cables through holes in 
joists? There is just as much protection. I have 
known many cases of wood-casing installations directly 
causing fires. A great deal of stress is laid upon the 
protection of wiring in buildings, but we find that the 
supply undertaking puts a meter on a board, a switch 
or cut-outs next to it, and allows odd pieces of cable 
to hang about the meter and switch. The firm 
with which I am connected is manufacturing a patent 
steel channel arrangement of back-plate capable of 
taking any type or size of meter, which can be screwed 
to adjustable battens. A sheet-steel cover or box, 
which is readily detachable, although it can be sealed 
into position, enables the leads necessary to connect 
the meter, etc., with the main, and all cables which 
comprise the control and feeding system, to be com- 
pletely enclosed and sealed up. This system is hardly 
more costly than a wooden board contraption, and 
ensures safety and compliance with the I.E.E. Regula- 
tions. It seems to me that what is required in this 
section of the industry is a general simplification, and 
I think that a rule to prohibit any other than a 
high-class conduit work on small houses would lead to 
greater safety, and in the long run to reduced costs, as 
well as a much higher standard of work, especially if it 
were insisted on that the wiremen carrying out the work 
were all thoroughly qualified to do so. A poor standard 
of workman must mean a poor standard of work. 
Another suggestion which might lead to a considerable 
reduction in costs, particularly in small houses, is that 
it should be practicable to arrange (especially in all- 
electric houses) a constant-load supply. This would 
eliminate the cost of a meter and fitting, predetermine 
the load during 12 months (on which basis the rental 
could be arranged), and improve the load factor. It 
should not be a very difficult matter to arrange an 
automatic shunt switch, which would automatically 
change over to water-heating when the lighting or 
cooker load reached a certain minimum, and would cut 
out the water-heating when the cooking or lighting load 
reached a prearranged maximum, this, of course, with- 
out interfering with the continuance of the lighting or 
cooking load. This may be considered to be rather 
revolutionary, but I think it is practical, and it is along 
such lines that progress must be made if the use of 
electricity is to be made as popular as we wish 
it to be. 
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Mr. G. P. Dennis : I cannot agree with some of the 
previous speakers that it is necessary to use screwed 
conduit for all installation work. If we are to increase 
our load it is necessary to develop a system of installa- 
tion which shall be reliable and reasonably cheap. In 
Birkenhead we have made rapid strides in the develop- 
ment of the electrical undertaking, but we could not 
have achieved such good results if the installations had 
cost as much as screwed conduit. We are introducing 
electricity into workmen’s dwellings and have run the 
mains along the back of the houses and looped in. This 
cheap method has enabled the working-class people to 
reap the advantages to be gained from modern electrical 
equipment. I have just been concerned with the design 
of two all-electric houses. These are proving excep- 
tionally good, particularly as regards heating and ventila- 
tion during the very cold weather. I cannot agree with 
Messrs. Milne and Rawll's figures for the saving on 
the actual installation. I think there will be no 
saving, but the great advantages of the all-electric 
house are the labour-saving, general health, and the 
advantages which the use of electricity offers. The 
all-electric house costs much less to run than the old- 
fashioned house, but the all-electric house is not 
cheaper in first cost. In this particular case the radia- 
tors are specially designed to throw the heat down on to 
the floor; there is no complaint about cold feet, and I 
have never sat in more comfortable rooms than the 
dining- and drawing-rooms of these two houses. The 
ventilating duct is carried between the ceiling and the 
bedroom floors. One of the great bugbears in electric 
cooking is the hot-plate. I cannot agree with one of 
the previous speakers that we should have open boiling- 
rings, because the maintenance cost is prohibitive. We 
must have something to boil more quickly than the 
present boiling-ring, and those in charge of electricity 
departments should urge that water should be boiled in 
the electric kettle. This is the most efficient way, 
particularly where the element is immersed in the water. 
This hot water should be used in the saucepans. I 
consider that the best type of saucepan is the one in 
which the elements are clamped to the bottom. Where 
ordinary saucepans are used and the bottoms are not 
flat, the efficiency varies from 20 to 35 per cent, but if 
the bottoms of the pans are ground dead flat, so as to 
make perfect contact with the hot-plate, the efficiency 
may be as high as 75 per cent. I cannot agree with a 
previous speaker that there should be a flat rate for all 
purposes. The man with a small motor used for one 
or two hours per day cannot expect to have current at 
the same rate as the man who uses his motor for 8 hours 
per day, or the householder who uses radiators and 
cookers for the major portion of the day. The rateable- 
value system of charging is one of the best methods of 
introducing electricity into the home. A large number 
of people still consider that electricity is dear. This 
was true 5 or 6 years ago, but it is not so to-day, and it 
is necessary to convince the public of this fact. 


[The replies of Mr. Munro and Messrs. Milne and 
Rawll to this discussion will be found on pages 782 and 
786 respectively.] i 
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Mr. D. S. Munro (in reply) : Lieut.-Col. Vignoles 
states well the dilemma in which the wiring industry is 
placed. He recognizes that screwed conduit, heavier 
cables, better switches and universal 3-pin plugs are 
called for, but rather than that the supply undertaking 
and the contractor should lose the business, he con- 
siders it expedient to use something that, whilst being 
cheaper, is still safe. 

Mr. Cash makes two definite contributions towards 
lessening the price of admittedly the best conduit work. 
One is to lower the first cost and the overall area of 
cables by the use of a single strand, and the other is to 
bunch more of these thinner cables in the conduits. 
Both methods are quite legitimate under the present 
I.E.E. Wiring Regulations. In average work, however, 
a large number of cables in one conduit are not so easy 
to push in and are often difficult to withdraw. In 
addition they lessen the insulating and healthy air-space, 
and a breakdown of one faulty cable is apt to involve 
several other perfectly sound circuits. Bunching makes 
circuits more difficult to trace without a galvanometer, 
and for identifying cables the modern wireman depends 
more on jerks and temporary knots than on galvanic 
action. I am,surprised that single solid cables have been 
accepted in any recent instances as good work in Scot- 
land, where everyone knows the implication of the 
saying “a threefold cord is not quickly broken.” On 
the question of moisture in conduits I can agree with 
Mr. Cash to the extent that “ breathing conduits ” are 
not entirely undesirable if the entering air is pure and 
dry, but the measures taken to prevent condensation 
should never imitate the conditions of a “still,” i.e. 
moisture entering an involved and dipping network of 
warm tubing. 

Mr. Hughes has experienced the evil electrochemical 
effects of untinned pins through the insulating webs of 
certain kinds of cable, and refers to exposed insulated 
systems where the polarities are distinguished by colour 
on the outer surfaces. It might not be easy to trace 
the polarity in those places where such systems are 
painted over. 

Mr. Raphael quite rightly points out some of the 
dangers attending lead-covered systems which contain 
a bare earth wire. This class of cable, although it keeps 
to the letter of the 1.E.E. Regulations, can give only an 
illusion of safety. Mr. Raphael sees no reason why any- 
one need use the more fragile stamped boxes with lead 
systems. A consumer or his agent may specify an 
advertised system, and the contractor who departs from 
the system by fitting possibly better boxes and cast 
outlets is liable to legal action. Mr. Raphael thinks that 
double-pole fusing is a great mistake. I did not invent 
that means of protection, but I shall persist in fitting 
double-pole fuses, if only on the grounds that two fuses 
divide between them the arcing effects of a short-circuit 
or sudden overload. In the circumstances illustrated 
by Mr. Raphael surely the phenomena of “a big drop 
of potential on the neutral,” the almost certain fluctua- 
tions in the lighting, and the blowing of the supposedly 
unnecessary fuse, would among them indicate that 


something was wrong and needed the application of a 
** megger.”” Mr. Raphael is a bimetallist on the subject 
of fuse wires and rightly supervises the fitting of these. 
Unfortunately, neither the wireman nor he himself has 
any say in the matter when a replacement is required. 
Surely there is no ground in the paper for Mr. Raphael’s 
more personal imputations as to my use of wood blocks 
as junction boxes with lead systems. It is my practice 
to use only cast boxes at all junction and outlet points 
on the comparatively rare occasions when I adopt lead 
covering for house wiring. 

Mr. Mellanby will find in practice that iere are many 
more vital objections to the universal adoption of con- 
centric wiring than the opinion of the Postmaster- 
General. It is noted that Mr. Mellanby’s experience 
leads to the conclusion that screwed conduit is the only 
satisfactory system of doing permanent work, apart 
from the Stannos system. 

Mr. Reed, Mr. Ritchie and Mr. Saycatch are in agree- 
ment with the suggestion that an independent group of 
inspectors should have a wholesome effect. Mr. Ritchie’s 
labour costs for wiring are very low. A point per hour 
for an electrician and mate, day in, day out, would 
certainly require very careful inspection. I admit that 
such work carried out properly in screwed conduit would 
require 4 hours—at least—but I am of opinion that it 
would be 4 times as good and lasting. Mr. Ritchie 
forgets that conduits may often be beneath joists, in 
which case neither floor boards nor joists are notched 
or weakened—indeed both are reinforced by the tubing. 

Dr. Parker Smith is very severe on screwed conduit, 
but concedes that in some few cases its use is justified. 
The suggestion that ring-main circuits with local fuses 
at outlets might be revived for modern multiple power- 
point conditions was put forward not as representing 
standard practice but chiefly for economy of cost and 
space, and undoubtedly in many cases they would attain 
these ends. The industry must admire a consumer like 
Dr. Parker Smith who has 31 heating circuits in his 
house and would like more sockets. If he had ring 
circuits the additions would be easy to carry out. 

Mr. Bishop, like most of us, has suffered from switch 
and fuse gear which will not stand up to short-circuits 
and in which the insulation tends to break down. These 
defects can only be rectified by encouraging demand for 
appliances which comply with approved tests. They 
prove the need for binding rules and inspection. 

Mr. Sclar's long contribution is a very interesting 
paper in itself and I am pleased that his detailed 
analysis of systems is so favourable to screwed steel- 
conduit work. 

Mr. Seddon seeks an explanation of the statement 
that under the new supply conditions there may be an 
a.c. pressure of 400 volts between adjacent terminals 
and switches. My remarks referred to those (chiefly 
outlying) districts on a"network where apparently supply 
undertakings are free to introduce two or three phases 
into any fair-sized domestic appliance, such as a cooking 
stove. Double-pole switches on heating outlets have 
other advantages in addition to giving protection from 
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the careless wireman who fits a single-pole switch on 
the neutral pole, or the mains service man who reverses 
the polarity. I am in thorough agreement with Mr. 
Seddon as to the prevalence and high quality of the 
screwed steel-conduit work done in Edinburgh. Con- 
scientious and critical inspection on the part of the 
Electricity Department has been largely responsible 
for this. 

Mr. Stevenson and Mr. D. Martin are not favourable 
to the universal installation of screwed conduit. In the 
case of the two fatalities quoted by the first speaker an 
insulated wiring system would not have been a complete 
safeguard, but they do prove the need of rules and 
inspection. Mr. Martin is a strong advocate of the 
C.T.S. system, although he would have metal-clad 
enclosures where dangerous voltages are likely to be 
encountered. The girl mentioned by the last speaker 
found 250 volts (a.c.) sufficiently dangerous. The 
shrouded plug referred to is excellent, its main principle 
being to earth kitchen appliances on an earthed system 
before live contact is made. Mr. Martin defends his 
system chiefly on the score of cost and gives a com- 
parative estimate. His prices for cables are based on 
the C.M.A. list of September, 1926, when competitive 
*“* Nonazo ” C.T.S. cable was introduced. Mr. Martin takes 
the rate for flat twin C.T.S. “ Nonazo”’ 3/-029 cable at 
7-68d. per yard and compares this with the cost of a pair 
of vulcanized-rubber cables of the special quality known 


as C.M.A. 2 500 megohm grade at 2-76d. per yard. The. 


real equivalent “ Nonazo ” price for 3/-029 vulcanized- 
rubber cable is 1-68d. It is difficult to understand why 
a class of cable which has such a simple covering should 
be so much higher in price than vulcanized-rubber cable 
with its extra protection of tapes, braiding and com- 
pounding. The estimate given includes a ¿-in. conduit 
bend—which is superfluous, except to support Mr. 


Martin's argument—and it does not include any boxes 


in which to terminate the open C.T.S. ends. In practice, 
as Mr. Sclar pointed out, the average conduit contains 
3 or 4 vulcanized-rubber cables and that makes the 
screwed-conduit costs still more favourable. 

Mr. Mitchell points out that B.E.S.A. gauge does not 
necessarily mean B.E.S.A. standard, and suggests that 
appliances should be marked with their rated capacity 
and voltage. There is, as Mr. Mitchell says, some 
temptation to use the cheaper circuit when two distinct 
meters are fixed, but few cases of transgression have 
occurred in districts where this original and straight- 
forward method of charging has been in use. Now that 
it is customary in domestic work to reduce to a low 
rate after an agreed quarterly minimum has been 
reached, any temptation is removed. Whether there 
be one meter or two I consider that the advantages and 
safety of having distinct power and lighting fuse boards 
will outweigh whatever is to be gained by supplying 
all descriptions of: apparatus from one fuse board. 
Glasgow has been fortunate under Mr. Mitchell’s direc- 
tion in having the balancing done as between house and 
house. This eliminates much potential danger which is 
present in other areas. If all inspectors were so thorough 
and of the standard to which that city 1s accustomed, 
there might not be the same need for an independent 
body. 


Mr. Foggo is a thorough believer in screwed-conduit 
work and draws attention to the increased fire risks 
attending insulated systems. The types of earth 
contact and cable connectors to which’ he refers are 
excellent and ought to be more widely used. 

Mr. Macleod’s experience ought to provide a good 
argument against wiring being done by amateur and 
unskilled workmen, but, unfortunately for this purpose, 
the incident which he mentions took place in a sub- 
station. The double-pole switch is the surest preventer 
of such an pccurrence. Even a skilled electrician, in 
the confusion sometimes caused by excessive looping or 
bunching or in the hurry of making an extension to an 
existing installation, may connect up the switch on the 
neutral and no one knows until an accident occurs. 
There is, even yet, great difference in practice as to the 
use of red and black or other coloured wire, and no one 
has the power or authority to pass judgment. 

Mr. Goodfellow also feels the need for better design, 
control and inspection, and suggests co-operation between 
suppliers, consultants and contractors: Unfortunately, 
there is no existing machinery to co-ordinate the very 
varied opinions of these sections of the industry. 

Mr. Gogan’s proposal to adopt cartridge fuses would 
be difficult to enforce in Britain. Those districts where 
they have been extensively used have reverted to the 
open fuse. ) 

The informative contributions of Mr. Stevenson and 
Mr. Spiers are of interest. With regard to electric tools 
and their rapid development for all building purposes, I 
would refer the last-named speaker to the trade journals. 

Mr. Campbell is of opinion that half the total number 
of conduit installations are not continuous, that lead- 
covered installations are entirely spoiled by careless 
erection, and ‘that surface wiring is in ill favour through 
lack of necessary’ fixtures. Excessive competition in 
some districts ungoverned by rules and inspection must 
be responsible for these shameful faults of omission and 
commission. 

Mr. Starling agrees that the safest and most lasting 
job is made with screwed steel conduit and with portable 
appliances connected up by 3-wire flexible cords, while 
Mr. Driver fears a bigger flare-up than ever if there is an 
earth wire in the flexible cord. The third wire is intro- 
duced because the neutral wire is earthed, and a short- 
circuit between the live wire and the neutral should not 
be made worse by the presence of the earth wire. 

Mr. Milner points out the dangers of concealing 
insulated systems behind plaster, and asks why the 
labour costs of insulated and lead-covered systems 
should be slightly higher in an incompleted than in a 
completed house. The reason is that these are essen- 
tially surface systems. There are few finished surfaces 
in a house being built, yet plentiful supports for fragile 
systems are required and longer lengths and added’ means 
of protection from other tradesmen’s operations are 
necessary. I do not fear any failure of continuity in a 
well-done screwed-conduit installation, but I do with 
any other readily available system. 

Mr. Woods’s experience confirms my condemnation of 
the slip-socket system with or without grips. I regret 
that I cannot inform him of any very neat socket 
appliance which contains fuses. 
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As Mr. Lee suggests, it is not consistent and it is bad 
practice to terminate conduits in a wood block at the 
fuse board. They should terminate in an ironclad 
fuse board or in an iron tray box on which a wood fuse 
board may be mounted. 

Mr. Frith is apparently disappointed that the paper 
is not more original. He would have liked a reasoned 
approval of the “ butterfly ” systems, but I regret that 
I cannot satisfy him. 

Mr. Crews predicts that the ring main and the all- 
insulated system will be the method of the future, but 
on the whole he agrees that the screwed-conduit job is 
at present the best. His observations in regard to the 
effect of damp on C.T.S. cables are of value. 

Mr. Evans emphasizes the fact that only in the 
conduit system have we a consistent and good means 
of terminating at outlets. I am in full agreement with 
his suggestion in the direction of lowering the costs of 
good systems by simplification and standardization of 
parts. 

Mr. Carr’s suggestion that the cost of installations 
should be reduced to a formula would: be the last straw 
to harassed contractors. He takes the average annual 
capital cost per kW at the station and considers that 
wiring costs converted to an annual basis should yield 
a similar figure. There is apparently no allowance in 
the installation costs here for comfort, amenity, con- 
venience and, indeed, all the reasons which induce a 
client to install electricity. If, however, the figures he 
gives are a challenge from the supply to the installation 
section of the industry, there is little doubt that he will 
be met in a very few years, not, I hope, by excessive 
decrease in the cost of nasty little lighting installations 
but by a sensible increase in size and quality which will 
encourage consumers to multiply the heating and cook- 
ing load. It is debatable whether clients will get from 
the supply undertaking the best advice on prospective 
installations. 

Mr. Fay refers with rightful pride to the fact that 
Manchester contractors invented and adopted the 
National Register 20 years ago. It appears, however, 
as grip contacts and smaller wires than 3/-029 are still 
used in that city, that working down to a price rather 
than up to a standard is prevalent. Mantelpieces on 
the new small houses are admittedly shallow affairs, 
yet even on these some assistance from the architect— 
or ironfounder—would enable us to get the outlet nearer 
to the point of use. 

Mr. Gillott’s costs for the C.T.S. system are certainly 
remarkably low. A labour cost of 14d. per point on 
subsidy houses clears the contractor and his men from 
any suspicion of wilful delay. Half an hour per point 
for an electrician and his mate! That the subsidy is 
not being squandered on the electricity installation is 
the chief conclusion to be drawn here. 

Mr. Gray’s remarks as to veins developing on C.T.S. 
cables would have further value if he explained whether 
these are of the nature of cracks or protuberances. I 
agree with his remarks in regard to the terminals in 
some joint boxes and fuse holders. 

Mr. Howarth, by exceeding the limit in small circuit 
fuses, supplies a good argument for Mr. Gray’s objection 
to a combined main switch and fuse board. 15-ampere 


plugs are rather clumsy for use with portable lamps, 
but if one makes a departure from correct practice in 
this respect, it is probably better to err thus than to 
follow the more common fault of using 5-ampere plugs 
for 15-ampere loadings. 

Miss Entwisle rather resents my forecast that washers, 
towel rails, radiators, etc., will tend to become of the 
fixed type and thus eliminate some of the sockets and 
loose earth wires, although earth wires would probably 
not be necessary on the 100-volt installations to which 
she refers. One has to pay a very big price for the 
privilege of portability in the case of 3-kW radiators on 
100 volts, for 30 amperes makes a very “ fat ” spark and 
requires very large switches. Circuit lists on fuse boards 
are certainly most desirable and should be compulsory. 
Complete detailed plans of all the wiring are, however, 
somewhat costly to prepare and difficult to decipher, and 
are, as Miss Entwisle says, generally lost when wanted. 
I am in entire sympathy with the spirit of her obser- 
vations, which is to the effect that in some available 
position there should be an up-to-date record of the 
capacity of all installations and their circuits. 

Mr. Mallinson puts forward a very straight case for 
the all-insulated systems with local earths in the kitchens 
and bathrooms. Larders should not be selected for 
fuse-board positions, and in such places as butchers’ 
shops, where the atmosphere is most penetrating, I 
prefer to use galvanized or well-painted conduits on 
spacing saddles with stout enamelled-iron flat covers 
on the switches. I have not seen insulated switches 
which exclude moisture from the springs and contacts, 
and the effect on bakelite of prolonged exposure to moist, 
corrosive surroundings has not yet been thoroughly tested. 

Mr. Shaw’s remarks are appreciative of screwed- 
conduit work done to I.E.E. Regulations and, like 
others, he is unable to understand why there should be 
one standard of safety for the workshop and another 
for the home. 

Mr. Pinkney says, in effect, “ improve the workmanship 
and fit any of the recognized systems,’’ and he counters 
the argument that a plethora of systems must necessarily 
demoralize and confuse the tradesmen, by suggesting 
that contractors might specialize. It would then be 
even more difficult than at present to get competitive 
and comparable prices. 

Mr. Carter is a firm believer in earthing all domestic 
appliances, and usefully directs attention to a design 
of socket and plug with which it is safe to break circuit 
and which provides simple earth protection for portable 
apparatus. If the earthed plugs mentioned by Mr. 
Carter were used, then Mr. Ward could still have the 
quality of portability for his radiators, combined with 
a high ‘degree: of ‘safety. 

Mr. Lambourn looks at our wiring problems and 
troubles from the chastened viewpoint of the mains 
engineer, and his logical review of the various methods 
leads to his conclusion that screwed conduit makes the 
ideal system. The Vernier copper-braid joint would in 
certain circumstanccs be a welcome addition to the 
wireman’s resources. The method of stripping the lead 
sheath and sweating well away for the internal joint is 
more applicable to ship or colliery wiring than to houses, 
where it is now extremely rare to find an end-to-end joint. 
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With regard to rising mains, some check should be put 
on the dangerous practice of economizing by omitting 
the second neutral. 

Mr. Cross favours the bunching of conductors in wood 
casing because in some damp places it has been found 
that the wood fillet has charred. He argues that a 
quick flare-up is safer than a smouldering fire. The 
theory is of interest—historic interest, I. hope. Mr. 
Cross has great confidence in the quality of the insulating 
material which modern manufacturers apply to their 
products, but from his praise of slip conduits and insu- 
lating systems I gather that he does not as a rule take 
pains to earth his branch switches, and, even if he did 
on slip-conduit systems, the insulation to earth of the 
switches would not be tried severely. 

Mr. T. D. Martin would not need to be anxious about 
dealing with increased heating and cooking loads if these 
thousands of houses which he has electrified had been 
provided with continuous screwed conduits for more 
and larger cables. Painting and paper-hanging, even 
in small houses, is usually done in a room or two at a 
time. It would not be easy, as Mr. Martin suggests, to 
persuade tenants to delay painting until the time when 
the surface system had perished, and then to fit a 
complete new installation and renew the paint-work. 
Mr. Martin asks for an explanation of “increased 
difficulty in tracing faults on a looped installation.” 
A live outer wire may be looped through, say, seven 
switches. There is a fault somewhere on this live circuit 
wire and we may have to go into any number up to seven 
rooms before we locate it by disconnecting the switches 
(to their detriment). With a junction-box system, the 
lifting of one lid gives access and facility to test our 
seven distinct switch feed wires. Looping does, but 
2-way switching does not, add to the quantity of cable 
which is unnecessarily alive. 

Mr. Robson also is in favour of the close-joint system 
with grips. I begin to suspect a reason for the con- 
tractors in the Newcastle area always being so busy. 
Mr. Robson truly observes that a little spent on painting 
the newly erected installation is a good investment. 

Mr. Moss deplores the influx of thousands of untrained 
boys into the wiring industry to the detriment both of 
themselves and of the properly indentured apprentice 
and the trained craftsman. Undoubtedly this most 
important aspect would be considered and condemned 
by any authority taking the long view of the nation’s 
welfare. Contrary to the opinion of Mr. Moss, I do feel 
that often it would benefit a supply undertaking to make 
temporary electric building and advertising facilities 
more readily available. Mr. Moss and Mr. Craven must 
be referred to the technical Press for details of the wide 
range of electric tools now available. Both these 
speakers share the opinion that much more could be 
done to check shoddy workmanship. Strong and active 
support of the National Register by all skilled and 
qualified contractors would appear to be the right method 
of eliminating the unfit. 

Mr. Innes considers that it would be better for all 
concerned if we could get screwed-conduit installations 
everywhere, and Mr. Sanderson’s experience shows the 
ease with which perished cable may be replaced in a 
conduit system. In Scotland, where there has been a 


constant demand for all kinds of screwed-conduit 
accessories for the last 30 years, there is no difficulty 
in obtaining deep cast switch boxes and many forms 
of ceiling and junction boxes which are not commonly 
made by the conduit manufacturers. 

Mr. Walburn apparently prefers wiring in any system 
to the use of screwed conduit, but he is not convincing in 
his statement that the unwatched workman will fit wires 
and tubes simultaneously. He is obviously referring 
to types of conduit condemned in the paper, for it would 
add enormously to the difficulty and time of erection 
if anyone foolishly attempted to carry out a screwed- 
conduit job in this way. He would be completely tied 
up after the first bend or two. In most districts good 
draw-in conduit installations are in a minority compared 
with all the other available systems, but appreciation 
of their qualities has been steadily growing and there 
are hundreds of thousands of installations in which all 
the conduits and their screwed boxes have been fitted 
in entirety before a single cable was pushed or pulled in. 
Mr. Walburn surely does not suggest that bare copper 
wiring with the branches enclosed in wood would have 
any general application, even for the heating of flats. 
Like many who have contributed to this discussion, he 
disapproves of architects making specifications for 
wiring. So do I as a rule, but the evils would not be 
effectively scotched if architects were entirely debarred 
and their place taken by electrical engineers probably 
distinguished in some branch of supply or manufacture 
but unfamiliar with building structure and the elementary 
requirements of reliable wiring installations. 

Mr. Fraser further refers to this matter of architects, 
and his illustration of the old specification doing duty 
again and again is a good argument against standard 
specifications without rules or inspectors to enforce 
them. The question of portability of heaters, to which 
both Mr. Fraser and Mr. Green allude, is largely a result 
of the high price of energy. With lower heating rates 
we shall have an increased number of permanently fixed 
appliances. 

Mr. Hinings refers to the damage done to wiring by 
rats and other animals. The monkeys, whose intelli- 
gent actions he relates, learned in one year that it was 
best to avoid unearthed systems. In many ways we 
are slower than the denizens of the jungle. In a recent 
Scottish Zoological Park installation which I carried 
out, screwed steel conduit was used for the reason that 
it was the only common system which could not be 
attacked by the gnawing animals, including the rats 
which are prevalent in such places. Itis true that many 
of the interlocked and 3-pin plugs on the market are not 
reliable over prolonged periods, but recently several of 
quite simple design have appeared and promise to lessen 
the risks of failure. 

Mr, Bramwell’s tests of market fuse boards show the 
need for care in selection. Many wiring specifications 
are issued in which there is a clause that everything 
must conform to the 1.E.E. Regulations, but which at 
the same time definitely specify fuse boards and main 
switches which do not comply with the B.E.S.A. 
requirements. i 

Mr. Green restates some of the reasons why screwed 
conduit is the most satisfactory system, and he agrees 
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that inspection would greatly assist in eliminating 
defects in installation. | 

Prof. Cramp is probably right in stating that stupidity, 
ignorance and moisture account for most wiring faults, 
and, having experienced the effect of these troubles on 
the older systems, he hopefully looks forward to an 
insulated era. Bakelite was not freely on the wiring 
market at the time when the paper was prepared, and 
it may prove to be a guard for those danger points— 
the meter and the service fuses—mentioned by Prof. 
Cramp. But in any case internal insulation of these 
and other everyday appliances should be the real safe- 
guard against leakage. Double-pole branch switches on 
all sub-circuits, and leakage indicators on every installa- 
tion, would barely justify their cost and complication. 

Mr. Lawson’s suggestion that appliances should be 
tested in a damp atmosphere varied by natural rise and 
fall of temperature is most useful and practical. 

Mr. Hill, while of opinion that a screwed steel-conduit 
installation is the best, affirms that a first-class job can 
be carried out with tough rubber and with a complete 
range of bakelite accessories. 

Mr. Mathias is one of several who, fixing on perhaps 
an unfortunate phrase, assume that I am an advocate 
of coal gas. The intention was to express the opinion 
that it might be better to restrain the immediate whole- 
sale fitting of very meagre, unlasting and unprofitable 
electric light installations in favour of a more orderly 
and considered progress with safe and sound systems 
adapted to the growing demand for diversity of use. 
Mr. Mathias likes wood casing, as it forms a very satis- 
factory protector for the rubber wires, and Mr. Lowev 
further points out the apparent inconsistency of pro- 
tecting some insulated systems with wood and omitting 
this protection on others. For the explanation, as well 
as for information as to the composition of some of these 
insulations—a question raised by Mr. Malpas—I must 
refer speakers to the manufacturers. Mr. Mathias, 
Mr. Dennis and Mr. Hazel favour cheaper systems than 
screwed conduit. The last-named speaker suggested 
the marking of fuse bridges for the size of fuse wire; 
this might follow the adoption of a standard fuse metal. 

Mr. Harrison-Watson agrees that the screwed conduit 
system is best, and his experience confirms my deprecia- 
tion of the custom of quoting for installations at a mere 
rate per point. 

Mr. Myer realizes that cheap and flimsy installations 
subjected for a few years to the rough handling which 
they are likely to receive in workmen’s houses must 
bring their harvests of accidents. Much would certainly 
be done to eliminate one of the two dangers—fire and 
shock—if 100 volts were the domestic pressure, although 
that voltage tends very much to limit the radiator and 
cooker load. Mr. Myer’s experience with well-fitted 
screwed-conduit work in respect to the extreme sim- 
plicity and ease of rewiring confirms my contentions. 

Messrs. A. J. Milne and R. H. Rawll (in reply): 
Messrs. Raphael and Mellanby raise one or two points 
which hardly.come within the scope either of Mr. Munro’s 
paper or of our.own. Mr. Munro, however, has kindly 
consented to us, as supply engineers, replying to these 
matters. We do not think that these speakers fully 
appreciate the circumstances in which modern high- 
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power supply networks operate. They consider the 
double-pole fusing of a 2-wire supply taken from a 
3-wire d.c. or 3-phase 4-wire system to be “a great 
mistake.” Are they, however, aware that since the 
neutral is usually earthed at the station through a 
limiting resistance, the conclusions they draw are 
entirely erroneous? Referring to Mr. Raphael’s Fig. A, 
let us assume, as he desires, that fuses are placed in the 
live wire only, in this case the positive, the neutral 
being solid. On a fault.occurring at X as shown, little 
danger is involved, provided the remainder of the 
system is normal. Suppose, however, that either of the 
positive or negative outers of the distributing cables 
develops an earth (a not unknown contingency), a short- 
circuit from outer to neutral will be set up, and the 
greater part of the current will pass through the fault X 
and via the consumer’s neutral wire. Taking into 
consideration the fact that the wiring for lighting 
purposes is often only of the order of 3/-029 or 3/-036 
and that the current passing through the fault under 
these conditions may be hundreds of amperes, it requires 
very little imagination to foresee the serious risk of 
fire involved if a fuse is not inserted in this wire.* 

Lieut.-Col. Vignoles expresses astonishment at the 
moderation shown in the remark that the growth of the 
domestic load in this country has-recently been “ quite 
pronounced.” We are fully aware, as he points out, 
that the domestic load has increased enormously in the 
London district, and, incidentally, we think that it is 
true to say that many of the large provincial cities are 
even ahead of London in this matter. Taking a general 
view of the country, however, we consider that our 
statement fairly accurately expresses the present position 
of this class of load. 

Several speakers have referred to the conditions in 
which it is advantageous to under-run lamps, viz. where 
the cost of energy is low, as, for example, in those 
localities where attractive domestic tariffs are in opera- 
tion. This is, of course, true. It must not be forgotten, 
however, that whereas the price of a given make of 
60-watt lamp is the same throughout the country, the 
charge made for a unit of electricity for lighting purposes 
varies considerably between comparatively wide limits. 
Mr, Bolton states that, providing the price per unit does 
not exceed 3d. to 4d., it is more economical to under-run 
lamps. Taking the country as a whole and assuming his 
figure to be correct, in how many homes using electricity 
for lighting purposes is energy obtained at such a low 
figure? We venture to suggest that the number is 
relatively small. 

In reply to Mr. Carter’s criticism of the lighting 
requirements given in Table 1, we would point out 
that, taking 4 watt per sq. ft. in the case of an average 
sized living-room with medium colourings, this would 
work out at only one 100-watt lamp, which, in our 
opinion, can hardly be considered ‘‘ unnecessarily 
lavish.” 

Mr. Lawson refers to the curves in Fig. 1. These 
represent the result of general experience in various areas 
throughout the country. He is also surprised at dust 
being present in an all-electric house. Dust does not 


* For a more detailed consideration of this subject, reference should be made 
to the Electrical Review, 1928, vol. 102, p. 845. 
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necessarily disappear with the absence of coal fires; 
it is often introduced from the surrounding atmosphere 
through open doors and windows, owing, amongst other 
things, to the close proximity of railways, works and 
main roads. | 

The short life of gas-filled lamps when installed in 
standard and table lamps, complained of by Mr. Mathias, 
is undoubtedly due to their being used upside down, and 
because of this trouble vacuum-type lamps are often 
used for these purposes. We agree with him that the 
price of a lamp replacement to the consumer of limited 
means appears at present to be far too high. The new 
consumer, also, is apt to compare its price with that of 
the one-time ubiquitous gas mantle, and the comparison 
may prejudice him against electricity, not only for 
illumination but for other purposes such as cooking, 
heating, etc. 

When considering the warming of rooms by means 
of coal fires we took 44s. per ton as the price of coal, 
and we overlooked the possibility of the paper being read 
before the members of the North-Eastern Centre, who, 
according to Mr. Ward, are fortunate enough to be able 
to obtain this commodity at practically half that figure. 
We agree with him that, although it is better to have 
a fairly highly-loaded radiator in order rapidly to heat 
up a room, in actual practice there is a tendency to 
forget subsequently to switch down to a lower heat, and, 
consequently, in such cases unnecessarily high current 
consumptions are involved. We have not experienced 
his trouble with the overheating of the plugs of plug-in 
elements on radiators. His fear that the periodical 
cleaning of the reflectors of radiators may involve 
considerable labour is, in our opinion, unfounded. In 
the private home of one of the authors, where such 
a radiator is in constant use, it is only necessary to 
perform this operation once every 3 weeks. The time 
taken is 5 minutes at the most, and is well worth while 
if maximum radiating effects are desired. 

It is quite true that the difficulty of installing tubular 
heating in the rooms of private residences is due to 
the location of the furniture near the walls. This class 
of heating can, however, often be used with great effect 
in halls, corridors, airing cupboards and many other 
places for a variety of purposes in the home, in addition 
to preventing condensation in shop windows, which 
Mr. Martin considers to be the only function for which 
it is suitable. | a 

It is interesting to hear that Mr. Lawson’s experience 


with the plain and reflector types of fires confirms our | 
own conclusions, and we are thoroughly in agreement ' 
with him that the real test of the suitability of a radiator . 
is a trial in the environment of the home of the consumer : 


and not in the showroom. Incidentally, this latter 


point applies even more to the choice of lighting fittings. . 


We cannot give Mr. Mathias very definite information 
as to the effect on health of low-temperature heating. 


low temperature, as long as we are subjected to direct 


radiant heat, such as is emitted from an up-to-date 
electric fire, while a system of low-temperature heating ' 
usually produces a feeling of ‘‘ mugginess ” and languor. . 

There seems to be a general consensus of opinion that - 


the provision of domestic hot water by electrical means, 
if it is to be successfully developed, must be obtained 
by low-loaded storage heaters, and, with the exception 
of those of small capacity for wash basins, etc., the 
instantaneous geyser type will tend to disappear. 

Mr. Ward considers that a temperature of 120° F. 
is not high enough for sink purposes, but we cannot find 
that we made such a claim in our paper. On the other 
hand, the opening paragraph of section (3) dealing with 
water heating, and the curves in Fig. 6, admirably confirm 
his figure of 6 gallons per day at 150° F. for this purpose. 
He is also of the opinion that our suggestion of a fixed 
charge per quarter to include hire, maintenance and 
current supplied is impracticable. It is true that the 
hot-water requirements of a house vary with the habits 
of the occupants, and also from day to day and season 
to season, but we are still of the opinion that in the case 
of a central storage heater with thermostatic control 
a very accurate estimate of probable consumption could 
be worked out from existing statistics of similar instal- 
lations. The figures and information he gives of one 
or two typical hot-water installations are most useful 
and interesting, and we are pleased to see that in general 
they agree with the data we have put forward. He con- 
siders, however, that a 14-gallon heateris not sufficiently 
large for the sink and he prefers one from 2 to 3 gallons. 
We have explained in the paper that, provided the 
water is delivered at a temperature of 190° F., a smaller 
tank will do the same work as one of greater capacity 
containing water at a lower temperature. It is reason- 
able to suppose, therefore, that the heater to which he 
refers does not heat the water to this temperature. 
A figure of 50 per cent may seem rather high for the 
saving of current if thermostatic control is substituted 
for hand operation; but if under hand-operated con- 
ditions hot water is to be always available and not for 
occasional use only, then, unless the very inconvenient 
and continual journeys for the purpose of switching on 
and off are conscientiously carried out, a little thought 
will show that this figure is quite justified. 

We do not agree with Mr. Martin that hot-water 
storage cannot be applied to an old house without 
considerable capital cost and alterations. Although 
admittedly not so efficient as the installation of proper 
storage heaters, the conversion of the existing hot-water 
system to electrical application by means of immersion 
heaters in the ordinary hot-water storage tank will give 
surprisingly good results. Care must be given to the 
choice of the right position and loading of these immersion 
heaters in the tank. This depends on the requirements 
of the occupants of the house. It should be remembered 
that only the water above the immersion heater will be 
heated. The tank should, of course, be lagged in order 
to get the best results. (Lagging, however, will prevent 
the airing cupboard being used for the purpose for which 


| it, was designed. This difficulty can be overcome by 
We can only reiterate our remark in the paper that we, ` 
personally, feel comfortable and fresh in a comparatively | 


installing a short length of tubular heater in the cupboard, 
specially for this purpose.) A good plan is to provide 
an immersion heater of low loading with thermostatic 
control for the ordinary requirements and another one 
somewhat larger for boosting purposes. It is interesting 
te note that Mr. Harrison-Watson appears to have had 
yery, satisfactory results with such an arrangement. 
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The equipment is comparatively cheap to install and 
there is the additional advantage that the water can 
still be heated by the old coal-fired boiler if desired. 

Mr. Lowey inclines to the view that a low value of 
insulation resistance of instantaneous geysers, where the 
heating elements are in contact with the water, should 
be permitted. This, to our minds, would be very 
unwise for many reasons. Such apparatus has an 
insulation resistance of 0:015 megohm, and once this 
has been deemed reasonable and safe we do not see how 
one could logically demand a higher insulation resistance 
for any other part of an installation connected to public 
supply mains. 

Mr. Phoenix is quite correct in his assumption that the 
stand-by losses shown in Fig. 6 could be reduced by 
improving the lagging. It is purely a question of cost. 
If the lagging is increased in thickness the outer cylinder 
must be increased in size also, and all this means extra 
capital cost. Assuming, as he states, that there is a 
30 per cent loss in the case in question, if, by providing 
extra lagging, this loss were reduced by half then the 
saving would be about 0-3 unit per day, or 2 units per 
week. For such a small saving in running costs, there- 
fore, extra capital expenditure for lagging, etc., does not 
appear to be justified. We appreciate his remarks that 
the performance of the mercury-tube thermostat is not 
all that can be desired. There is considerable room for 
improvement in the reliability and performance of 
thermostats, particularly those working on d.c. circuits. 

_Lieut.-Col. Vignoles considers 14d. a unit for cooking 
to be an economic proposition as compared with gas, 
but we cannot agree with him. His contention may be 
correct in those localities where gas is rather dear or if 
the electric cooker is operated carefully, but, in our 
opinion, ld. a unit is about the maximum for successful 
competition with gas. Where a household has changed 
over from gas to electric cooking, the first few weeks are 
the most important. The consumer often keeps his 
eye on the meter at this time, in order to see what his 
account is likely to be. If the cooker is hired from 
a supply undertaking, the latter should make a point of 
seeing during this critical period that the apparatus is 
being used correctly and efficiently, from both the 
electrical and culinary points of view. This is where 
the value of skilled and efficient demonstrators visiting 
the houses in question makes itself felt in the shape of 
contented and satisfied converts to electric cooking. 
We think that the difficulty with regard to electric 
cooking is not so much that it is regarded as an innova- 
tion, but rather that there is too much ignorance and 
prejudice. There seems to be a widespread idea that 
cooking by electricity is extraordinarily expensive, and 
when potential customers are tackled on this point they 
invariably fail to produce any first-hand source of 
confirmation of such a statement. It is true that the 
public are very conservative, but is not the cooker branch 
of the electrical industry also in this category? The gas 
industry developed the gas cooker on practically the 
same principles and design as the old kitchen range, 
and yet electrical engineers, having to hand an agency 
so flexible and convenient in operation that they can 
apply heat just where it is wanted, are content to con- 
tinue to develop and improve electric cookers which in 


their design and method of use are fundamentally based 
on the old gas cooker. 

In reply to Mr. Carter with regard to the induction 
cooker, the current must be switched off before the 
vessel can be removed, and, conversely, must be switched 
on after the vessel is in position. This accounts for the 
saving compared with the waste due to forgetfulness 
when using ordinary hot-plates, which Mr. Ward con- 
siders does not amount to very much. We are, however, 
of the opinion that the figure given in Table 2 for 
this waste is approximately correct in actual practice. 
The use of the induction oven is not limited to certain 
cuts of meat, because ordinary wire elements run at 
a red heat are used in conjunction with the induced 
current which is passed through the meat by means of 
the contact plates. 

We notice that there is still considerable difference 
of opinion as to whether the open or enclosed type of 
boiling plate is the better. For continual boiling the 
enclosed type is the better proposition, but for use when 
switched on from cold it is far from efficient. Provided 
that self-contained saucepans and utensils are not 
developed, the only solution seems to be a combination 
of semi-enclosed plates with increased loading and 
utensils with special flat bottoms. 

In reply to Mr. Cranston, the comparatively high 
power factor of the induction cooker apparatus is due 
to the fact that, as explained in the paper, the iron 
circuit is completely maintained when the utensil is 
in position. 

Mr. Mathias refers to a method of cooking known as 
** pressure cooking.” This has been in use in France 
for over two years and is now being put on the English 
market. The principle of the cooker is that if water is 
heated and its steam confined in an enclosed space, 
great pressure can be exerted in a short time. The 
greater the pressure exerted the higher is the temperature 
at which the water boils, and hence the greater the heat 
available for cooking purposes. It is claimed that 
pressure cooking takes only one-third of the usual 
average time. These cookers are generally placed on 
the gas or the fire, but there appears to be no reason 
why they should not be equipped with self-contained 
heating elements, just like an electric kettle. A very 
instructive article on this subject appeared in the Daily 
Matl of the 22nd May, 1928. 

In reply to Mr. Lowey, the efficiency of the domestic 
induction cooker is given in the paper as approximately 
85 per cent. 

The thorny question of tariffs has provoked a certain 
amount of discussion at the various Centres. It is a 
comparatively easy matter to devise a tariff which is not 
only fair to both the consumer and the supply under- 
taking but also is scientifically correct. Unfortunately, 
such a tariff would not be understood by even 1 per cent 
of consumers. It must always be borne in mind that 
any tariff should, in the first place, be attractive for 
load-building purposes, and also be as simple as possible 
so that the average consumer can easily understand it 
and have confidence in its operation. The so-called 
two-part tariff has become quite popular in this respect. 
While the running charge should be as low as possible 
in order to be attractive, it must not be made so small 
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that the fixed charge becomes sufficiently large to make 
the consumer think that he will be paying for something 
which he may not receive in return. Opinions vary as 
to the best method of ascertaining the fixed charge. 
The rateable value is often taken as a basis in determining 
this figure. Others consider the floor area involved or 
the number and size of lighting points in the premises 
in question to be more equitable. All these methods 
have their disadvantages, but the main consideration 
is to select a method of determining the fixed charge 
which is most likely to give the consumer the impression 
that he is being fairly treated. Mr. Lawson rightly 
points out that there is a distinct possibility in numerous 
cases that, as a result of encouragement being given to 
use electricity for all domestic purposes, although an 
increase of consumption may be obtained this may 
result in a reduction of the consumer’s load factor, and 
it certainly seems, therefore, that the fixed charge 
should bear some relation to the maximum demand. 

We infer from the remarks of Lieut.-Col. Vignoles 
that although he prefers two main wiring circuits in a 
house, one for heating and the other for lighting, irons 
and other small apparatus, such an arrangement, 
particularly where a 2-part tariff is in operation, tends 
to hinder development on the score of extra installation 
costs. We hardly think that this fear is justified. 
Separate fuses should always be provided for heating 
and lighting circuits, and, in order to prevent accidental 
replacement of a heating fuse carrier in a lighting circuit, 
separate distribution boards of different size and capacity 
should be installed. After all, with a given load, 
sufficient copper in the form of conductors must be 
installed to carry the current, irrespective of the method 
of charging for the energy used. Two-part tariffs do 
not appreciably cheapen the installation costs. In our 
own experience, one difficulty we have found in numerous 
cases where a consumer has adopted the 2-part tariff 
is the connection of heavily-loaded appliances, such as 
radiators, to the lighting circuit, with the consequent 
blowing of fuses. It would seem to be necessary to 
issue a written warning to all consumers when changing 
to such a tariff that the lighting wiring must be utilized 
only for the purpose for which it was installed, with 
the exception, of course, of the use of small appliances, 
such as irons, toasters, vacuum cleaners, etc. 

Mr. Pinkney is perfectly correct when he states that 
the problem of tackling the large potential domestic 
load of the wage-earning section of the community 
depends very largely for its success on the method 
adopted for collecting the charges due. Such people 
are not used to and do not wish to receive comparatively 
large accounts, either quarterly or monthly. It cer- 
tainly does seem that the only solution of this problem, 
at present, is either some form of 2-part prepayment 
meter or separate prepayment meters for power and 
lighting. 

The suggestion of Mr. Myer with regard to a more 
or less constant load being obtained by means of an 


automatic switch to cut in and out various sections of 
the load, such as water-heating, cooker, etc., is interesting 
and we believe that is being tried out in some localities. 
Mr. Myer, however, goes somewhat further when he 
suggests that no meter should be installed, a fixed charge 
being made for the predetermined load. We hardly 
think that this is feasible at the moment. It is one 
thing to estimate the probable consumption of one piece 
of apparatus such as a water heater, but quite a different 
matter to ascertain the consumption of all the different 
appliances installed in a house. We feel that the figure 
quoted to the consumer under such conditions would be 
such that he would hardly be likely to accept it. 

We are of the opinion that the practice of some supply 
undertakings of connecting a time switch in the water- 
heating circuit, so that this load is disconnected during 
the peak loads, is to be deplored. Although it is quite 
possible that no inconvenience will be experienced, 
particularly if the storage apparatus is of sufficient 
Capacity, nevertheless such an arrangement is not 
conducive to the successful development of this class 
of load. A better method is to charge a low rate during 
the night and the ordinary rate during the daytime, 
by means of a 2-rate meter or a time switch operating 
in conjunction with a low-rate meter and a meter 
registering the current for the other loads connected 
in the house. 

The very interesting information which Mr. Ward 
gives concerning the cost of building electrically-equipped 
houses, roughly confirms the figures which we put 
forward in Table 3. Although it is true, as he points 
out, that the use of appliances such as vacuum cleaners 
and washing machines effects the biggest saving in 
labour, and although they cost little to run, yet unfor- 
tunately it is just these great labour-savers which are 
decidedly heavy in capital cost. Take, for example, the 
electrically operated refrigerator. The boon to the 
housewife is enormous and it consumes very little 
current, but its high initial cost prevents it being utilized 
in the average middle-class household. 

Mr. Mathias points out that wiring is not included 
in Table 3. Electric light is common to all three types 
of houses and so it has been omitted from the figures. 
As we have already stated in the paper, free wiring is 
usually installed for the cooker, and therefore the only 
item to be added is the wiring for the heating and power 
plugs. In the type of house under consideration this 
would not amount to more than a few pounds. 

Mr. Phoenix considers that there would be no saving 
because the capital cost of the electric water heater would 
soon absorb any surplus, but, as we have shown in the 
paper, such apparatus can usually be obtained on hire. 

We fully realize that the saving in building costs of 
an all-electric house compared with an ordinary house 
as shown in Table 3 is comparatively small, and, as 
Mr. Dennis points out, the great advantages are the 
labour-saving, general health and the conveniences 
which the use of electricity in the home offers. 


790 COTTON: RHEOSTATIC SPEED. CONTROL OF A MOTOR WORKING 


RHEOSTATIC SPEED CONTROL OF A MOTOR WORKING AGAINST A 
TORQUE WHICH IS A FUNCTION OF THE SPEED.* 


By H. Cotton, M.B.E., M.Sc., Associate Member. 


(Paper received 6th December, 1927.) 


SUMMARY. 


This paper is an examination of the efficiency of the rheo- 
static speed control of a motor when the load is such that 
the torque is a definite function of the speed. It is shown 
that, so long as the torque decreases with speed, the controller 
losses for a given reduction in speed may be considerably 
less than in the case of a motor working against a constant- 
load torque; also, the greater the reduction in speed, the 
greater will be the advantage of rheostatic control in the case 
of such loads. The case of both direct-current and induction 
motors is considered, and it is shown that, with the latter 
motor, the inefficiency due to controller losses may be less 
important than the lowering of the power factor. 


When dealing with the various methods of speed 
control of an electric motor, it is almost invariably the 
custom to assume that the load torque remains constant, 
or at any rate to ignore those cases in which the torque 
is a direct function of the speed, and this has resulted in 
an almost universal belief that rheostatic speed control 
is, under all conditions, hopelessly inefficient if a con- 


siderable range of speed is required. Although probably 


the majority of loads against which electric motors work 
have a torque which is not a function of the speed, there 
are many important drives, particularly machines 
working on the centrifugal principle, e.g. ventilating 
fans, centrifugal compressors, centrifugal pumps, etc., 
in which there is a definite relationship between torque 
and speed. In some cases rt is desirable that speed 
regulation shall be arranged for, and as the motors 
required are often of high power, commonly several 
hundred horse-power and sometimes over 1 000 h.p., it 
follows that if the simple rheostatic control cannot be 
adopted, on account of its reputed inefficiency, the capital 
cost of the necessary plant and control gear for eco- 
nomical speed regulation will be a very considerable 
item. 

For this reason, when speed regulation is required in 
the case of a drive in which the torque is a function of 
the speed, it is advisable to examine what the operating 
characteristics of a rheostatically controlled motor will 
be, before deciding to adopt some other method. 

Consider first of all the case of a d.c. motor. 


Let E = applied potential difference, 
E, = back electromotive force, 
R = total resistance in the armature circuit, 
including the armature itself, 
* The Papers Committee invite written communications (with a view to 
publication in the Journal if approved by the Committee) on papers published 
in the Journal without being read at a meeting. Communications should reach 


the Secretary of the Institution not later than one month after publication of 
the paper to which they relate. 


T = load torque at any speed N, and 
Tm = Maximum value of load torque exerted when 
the motor is running at the full speed 


(Nmaz.)- 


It will be desirable to include the full-speed iron and 
friction losses of the motor in the value of Tm, since these 
also fall off with the speed, and, although the law they 
obey cannot be stated, in general they are sufficiently 
small to introduce no appreciable error when taken 
account of in this way. By this means, since the arma- 
ture copper loss is looked after along with the external 
losses in the armature circuit, all the losses taking place 
in the motor, with the exception of the field copper loss, 
are taken into account without adding any complication 
to the method. 


Let T = AN? 


where A is a constant, and v is the exponent depending 
on the nature of the load. 


Then T mar. = AN'maz. 
A= Vogel N nar. 


Thus, since for any given case Tmar. Nmazr. and x are 
known, the constant A can be calculated. Actually, in 
the case of a shunt motor the torque T is very approxi- 
mately proportional to the armature current J, and we 
can therefore write > 


I = BN? 
It 
from which B=5,= a 


Now the back e.m.f. is proportional to the speed, since 
we are assuming that the excitation is unchanged, and 
therefore 


(This is strictly correct if the armature resistance is 
included in the value of R.) 
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Hence the voltage-drop across the resistance in the 
armature circuit is ; 


E — E, = E — po 
maz. 
y i N 
= 21-5) 


Hence the power wasted in the resistance is 


= 
N maz. 


Substituting the value of I in terms of Imaz. as given 
by a previous expression, we have 


N N y 
Maz) (maz 


By giving different values to N we can determine from 
this equation the losses in the controller for any par- 
ticular speed. Take first of all the extreme cases of 
N = Niaz. and N = 0. No matter what the value of 
x may be, W is equal to zero when N = Nmaz. which is 
of course to be expected since there is then no resistance 
in the armature circuit. If the controller resistance is 
increased to such an extent that the motor speed is 
brought to zero, then N = 0, and for any finite value 
of x, W is equal to zero, showing that at each limit of the 
speed regulation there is no loss of power in the controller 
.when the load is such that x is finite. In the case of a 


2 EI(1 2 


W = Blmaz(1 


load of constant torque, x is zero and the term (N IN maz)? 


is therefore unity, no matter what the value of N may be. 
Hence with such a load the expression W becomes 


= 
N MAT. | 


which is linear. The value of W will be zero for 
N = Nmar. as in the previous cases, but equal to EI maz. 
the full input of the motor (neglecting the shunt losses), 
when N is zero: This brings out immediately the 
difference in behaviour of the motor with a load of 
constant torque from that of the motor operating on a 
load in which the torque is a function of the speed. 
With constant torque there is a progressive increase in 
the power wasted in the controller as the speed is reduced, 
until at zero speed the whole input of the motor (less 
the lossés in the motor) passes into the controller. When 
æ is finite the power wasted is zero for both N = Nmaz. 
and N = 0, the curve therefore exhibiting a maximum 
at some speed which depends on the value of zx. 

Denote the full-load input El mar. by Wmar. and the 
ratio of the speed N to the full speed Nmar. by r, then 
we have in general 


Ww = W maz.( t — r)r? 
or W = Wmaz. (12 — 17+} 


W = Elmaz-(1 = 


Regarding r as the independent variable, we can differ- 
entiate with respect to r, and we then have 


aw 


dr = mac {are — (x + 1)r2) 


This is equal to zero and corresponds to a maximum 
when 
gre—-l = (x + 1)r7 


x 
1.e. when l r = 
x +1 


and this gives for any given value of x the speed at which 
the loss in the controller is a maximum. This maximum 
loss is then equal to 


(EY ENYA 


. a Ny? x 
T Wmas (= + i) (1 e + i) 
or the ratio of the maximum loss to the full-load input 
of the motor is 


=a a 

W maz. Ne +1 x+l 

The values of r which give the maximum loss W’ and 
the maximum ratio W'"/W maz. are given in Fig. 1 for 


NEE TT TT TT 
a eee A 
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different values of x. This figure shows very clearly that 
if the required range of speed is large enough to cause 
the maximum loss of power in the controller, the losses 
with a load for which æ is finite are very considerably 
less than with a load of constant torque. Thus, 
when x = 2, which applies to a ventilating fan, the 
maximum loss occurs when the speed has been reduced 
by one-third, and is then 0-148 of the full-load input 
of the motor. For a load of constant torque the same 
reduction of speed will give a loss in the controller of 
one-third, i.e. 0-333 of the full-load input, thus showing 
a difference in the two cases of 0:185 of the input. 
For smaller reductions of speed there will not be such 
a proportional advantage, but for larger reductions the 
advantage increases enormously. 

Fig. 1 also shows the power lost in the controller 
for the five cases in which z=.0, 1l, 2,.3 and 4, 
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the ordinate being the ratio W/W maz. and the abscissa 
the ratio r. It will be seen that as the exponent x= 
increases, the inefficiency of the rheostatic method of 
‘speed control decreases, and more particularly as the 
range of speed is extended towards zero speed. If only 
a restricted range of speed is required the advantage is 
notso marked. Suppose, for example, that the maximum 
reduction is to be y per cent, then 


_ 100 — y 
100 


100 — N (= — y e 
WIW maz. = {( 100 100 
For the same speed reduction with a load of constant 


torque, for which x = 0, 


WIW maz. = y/100 


and 


and the ratio of the power wasted in the controller with 
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the actual load to the power wasted in the controller 
with a load of constant torque for the same reduction 
of speed becomes 


(2 — y (a — yy a +l 
100 100 ) alt — Y 
y/100 = 100 


The magnitude of this ratio is plotted against the 
percentage speed reduction y in Fig. 2, for different 
values of x. The figure shows that in all cases for which 
æ is greater than unity the greater advantage will be 
derived if y is large. Thus, in the case of the ventilating 
fan, for which v = 2, if only a small reduction in speed 
is required, say 20 per cent, the ratio is equal to 


100 — 2012 
( 100 ) = 0-64 


or there is a saving of 0-36 of the power wasted in the 
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controller of a motor working on constant torque for 
the same speed reduction. 

In order to fix our ideas, if we take the case of a 
400-h.p. motor, the controller loss at constant torque 
for the speed reduction of 20 per cent will be (neglect- 
ing motor losses) 80 h.p., and therefore the fan drive 
for the same speed reduction will show an advantage 
of 0:36 x 80 h.p., ie. 28-8 h.p., or 21-5 kW. 
Taking the case of a mine fan which is running 
continuously, this will represent, at ld. per kWh, a 
sum of £785 per annum. Of course, if the fan is 
only to be regulated down for short periods, say for 
week-ends and holidays, the financial difference will not 
be particularly marked, but it must be remembered that 
the controller will have considerably less energy to 
dissipate as compared with a drive of constant torque, 
and as a result it can be much smaller and cheaper. 

If a much larger speed reduction, say 50 per cent, is 
justifiable, then the ratio becomes 


100 — 50\2 
(a) me ee 


the advantage thus being extremely marked. 

These figures show very clearly that for certain classes 
of drive it may be unwise to rule out rheostatic control 
without a proper examination, since the loss of power 
may be considerably less than is commonly expected. 
Also, so far as a d.c. equipment is concerned, there is no 
disadvantage due to a lowering of power factor as in 
the case of an induction motor with rheostatic control. 

At the present time the induction motor is used more 
frequently than the d.c. motor, especially for drives 
requiring considerable power. 

The theory of the rheostatic control of an induction 
motor working on a load such that ToN? is as 
follows :— 

The general expression for the torque is 


KE*oR 
T = A——_—: 
R? + oX? ` 
WREE K = transformation ratio between stator and 
rotor, 
= slip, 


A = constant, and 
X = reactance of rotor. 


This can be written 


T=4x E Lian xR] 


Now the quantity in the braces {} is the rotor current, 
and therefore that in the brackets [] is the power 
wasted per phase in the rotor circuit. We can therefore 
write 
B 
T = Ps x (rotor copper loss) 


where B is another constant. 
Again, the maximum torque can be obtained by 


AN Y En E E 
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differentiating the original expression for T' and, as is 
well known, this gives for the pull-out torque 


1 
T 
(pull-out) SF 


The full-load torque Tmar. will be a definite fraction of 
this, depending on the design of the motor, so that we 
can write : 
C 
Tmar. = Ñ 
where C is another constant. 
For the type of load in question this can be assumed 
to be developed when o = 0, and the speed is the synchro- 


(a) 


0 50 100 
Percentage of 


(a) D.C. motor 


In the case of the d.c. motor with constant excitation, 
the torque is proportional to the armature current I, 
whereas the speed is proportional to the back e.m.f., 
which, for any resistance R, is 


E, = E — RI 
Hence, substituting NaE, and Toc] we have 
Nxux(E — AT), 


where Á is a constant. 

This is a linear equation and therefore the relationship 
between T and N is given by a family of straight lines, 
each corresponding to a definite value of R, as shown in 


the figure. If now a curve showing the relationship 
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(b) Induction motor. 
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nous speed N,. Hence for any speed N and torque T 
we have 
T (5 y 
Tmar. Ns 
C N y? 
AR (=) 
Equating the two expressions for T we have 


B C Nyz 
> x (rotor copper loss) = + x (=) 


x N, 
N z N, oe N 
or rotor copper loss = D x (x) (=F) 


the constant D being the -power supplied to a rotor of 
zero resistance when running at synchronous speed. 
The above expression is identical with that for the loss 
in the controller in the case of a d.c. motor. 

It is instructive to regard the problem from a graphical 
as well as an analytical point of view, since the manipula- 
tion of mathematical expressions does not, as a rule, 
give a very clear insight into the physical nature of the 
problem. The most convenient basis of comparison is 
that of the torque/speed curves for the two motors, 
these curves being illustrated in general form in Fig. 3. 


between the load torque and the speed is drawn on the 
same diagram, the intersections of. this curve with the 
various straight lines of the diagram will give the condi- 
tions of operation of the motor when working on that 
particular kind of load, for each of the various resistances 
placed in series with the armature. 

In the case of the induction motor working on constant 
voltage, the relationship between N and T is not linear 
but is given by the equation 


Te oR 
R? + aX? 
Taking the origin to. be at the point of synchronous 
speed, i.e. the point at which ø = 0, we see that for small 
values of o the expression oz" will be small in comparison 
with R for all values of R and oan therefore be neglected. 
We then have 
TaoR 


showing that, as in the case of the d.c. motor, the initial 
portions of the various torque/slip curves, and therefore 
torque/speed curves, are straight lines. The main 
difference shown by the induction motor is that for a 
certain maximum value of the torque, namely, the 
pull-out torque, all the curves turn over and approach 
the horizontal axis, but as this maximum torque is on 
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an average about 2} or 24 times the normal full-load 
torque, those portions of the torque/speed curves which 
lie within the normal working range of the motor are 
very nearly straight lines, the initial tangent of the 
angle of inclination to the horizontal being proportional 
to the resistance, as with the curves for a d.c. motor. 
These portions within the working. range are shown by 
full lines and the portions beyond the range by dotted 
lines, and a comparison of the full-line portions of the 
induction-motor diagram shows that the behaviour of 


D: 


OY 


the two motors is essentially the same so long as the 
operation is confined to the normal working range. 

The essential difference between the two cases is thus 
not due to differences in the controller losses for a given 
output and range of regulation, but to the fact that with 
the induction motor there is an unfortunate lowering of 
the power factor, this quantity, when the load is of such 
a nature that the torque decreases with a decrease of 
speed, becoming smaller and smaller as the speed is 
reduced by inserting more and more resistance. This 
is shown very clearly by means of the circle diagram. 
In Fig. 4 the diagram is drawn with different rotor 


resistances represented by AD,, AD,, AD, etc., the 
inclination of these lines depending, as is well known, 
on the magnitude of the total resistance in the rotor 
circuit. For any working point, say P, the torque is 
proportional to the length of the perpendicular PY, the 
output to PX, and the input to PZ (the iron and friction 
losses are here neglected for simplicity, and in any case 
they make little difference). Also, the slip is equal to 
XY/PY. Now suppose that AD, is the rotor resistance 
corresponding to zero external resistance, the motor 
therefore running at full speed, and that OP, is the 
line current. Then P,Y, is the full-load torque and 
X,Y,/P,Y, is the full-load slip, which will be small. 
Suppose that the speed is to be reduced to half synchro- 
nous speed, then for the new working point P, the ratio 
XoYo/PoYo = 3. 

Again, for a load torque proportional to the speed 
raised to the ath power, the new torque will be 

Fez _ (qa 
PY, (4)” very nearly 


so that if we again take the case of z = 2 we have 
PY = PP, Y, 


Knowing the position of the point P,, the above relation- 
ships between slip and torque for the different speeds 
enable the new working point P, to be located. This 
point will be much nearer to A than the point P,, and, 
since P, will be very close to the point of maximum 
power factor, we can see that the new power factor, 
cos gp, will be considerably less than the full-speed power 
factor, cos ¢,. Also, the greater the reduction in speed 
the nearer the working point will approach the point A 
and therefore the smaller will be the power factor. For 
this reason, in spite of the fact that an increase in the 
speed range increases the advantage of rheostatic control 
from the point of view of economy, it will not be desirable 
with large induction motors to reduce the speed by, at 
the outside, 30 per cent. 
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SCOTTISH CENTRE, AT GLASGOW, 13TH DECEMBER, 1927. 


Mr. N.C. Bridge : The author starts by considering 
the question of instability arising from the use of 
excessive reactance. In this country we are not very 
concerned with that question, but we are very con- 
cerned about the relationship between reactance and 
voltage regulation, as we find these factors constantly 
conflicting. The diagrams at the beginning of the paper, 
as the author says, scarcely apply to actual working 
conditions on lines in this country. As a rule, the react- 
ance is only a small percentage of the impedance of 
the load; or, in other words, the reactance voltage- 
drop is only a small percentage of the delivered 
voltage, unless we consider the load to be a fault, but 
even then it would require a very persistent fault to 
reduce the delivered voltage to the value of the react- 
ance voltage, and very hardy generators would cer- 
tainly be required to put up with such treatment. What 
actually happens, of course, is that either the fault 
clears or the supply is cut off by the protective gear 
before the voltage disappears. The protective gear, 
therefore, fulfils a very important function and is 
really, with us, one of the mainstays of stability. On 
page 654 (vol. 65) there is a reference to the use of 
capacity currents. That, I think, may have rather an 
interesting application in connection with one of the 


difficulties that will arise out of the change of frequency 


in this district. When the frequency is doubled, the 
reactance of our overhead lines will be doubled and 
either the carrying capacity of the lines will be very 
much reduced or the voltage regulation will suffer very 
badly. I should like to take a particular example of 
this from one of the cases which we shall have to con- 
sider, that is, the transmission lines from the Lanark- 


shire Hydro-electric Co.'s stations at the Falls of the 


Clyde into the Motherwell district. The stations 
themselves have already been described in the technical 
Press, but, so far as 1 know, no particulars have yet 
been published regarding the transmission lines. The 
power to be transmitted is 15000 kW at 0-8 power 
factor. There are three double-circuit lines going by 
different routes, and they all operate at the generator 
voltage of 11000. The average distance is about 
11 miles. The combined cross-section of the copper is 
1-0 sq. in., and the total weight of copper is nearly 
350 tons. The average line voltage-drop at full load is 
10 per cent, which is compensated for by multi-step 
static boosters with hand regulation. The resistance 
and the reactance of the lines are very nearly equal— 
the reactance ohms indeed are a little less than the 
resistance ohms—therefore the phase displacement 
between the sending end and the delivery end is 
negligible. This was one of the main reasons why it 
was decided to transmit at 11000 volts. (Another 
good reason was that it was found to be actually cheaper 
| * Paper by Mr. F. H. CLoucH (see vol. 65, p. 653). 


to transmit at 11000 volts than to step up to any 
higher voltage and step down again with transformers.) 
When the frequency is increased to 50 cycles, the react- 
ance will, of course, be doubled. The phase displace- 
ment will then be appreciable, and there is a possibility 
that the three lines working in parallel may suffer from 
a loss of balance, and possibly a little instability, on 
that account. The line voltage-drop will be increased 
to over 14 per cent, and the present booster capacity 
will be quite inadequate. This question has not yet 
been investigated, but the paragraph to which I have 
referred suggests that it might be possible to restore 
the voltage regulation and phase displacement by the 
addition of static condensers. There is, I think, no 
mention of static condensers in the paper. They 
would, of course, have to work from step-down trans- 
formers in cases such as I have mentioned, but even 
so I think there is a widening field for this class of 
plant. There are several references, on the other hand, 
to synchronous condensers, but in my experience 
synchronous condensers, as such, are never to te 
seen, and the whole tendency nowadays is towards 
the elimination of rotating machinery wherever possible. 
It would be interesting to hear what the author has to 
say about the application of the static condenser in the 
case of these transmission lines which I have mentioned. 
The author’s story of the evolution of the artificial 
stability of turbo-alternators is extremely interesting. 
The present designs of such machines are the result of 
a great deal of inconspicuous work on the part of the 
makers in this direction for some years past, and I do 
not think there is much to fear nowadays from the 
instability of turbo-alternators. I think the same 
remark applies to cables and switchgear, in spite of 
what the author says in one paragraph at the top of 
page 656. Modern switchgear and cables are surely 
just as reliable as turbo-alternators. As regards the 
author’s general descriptions of large systems, most of 
his recommendations for ensuring stability have already 
been followed or contemplated on the Clyde Valley Co.’s 
system. Members may be interested to hear what is 
now proposed as regards the 11 000-volt switchgear 
required in connection with the transmission lines of 
the Central Electricity Board, for dealing with the 
supplies from the Yoker and Clyde’s Mill selected sta- 
tions. The rupturing capacity of the existing 11 000- 
volt switchboards at these stations is only from 250 000 
to 500 000 kVA and the switchboards are hardly suitable 
for extending to cope with the big developments fore- 
shadowed. It is proposed, therefore, to disconnect 
the generators from them and use them purely for dis- 
tribution purposes, and to provide an entirely new board 
for the generators and other heavy-current circuits 
divided into two sections—a “ grid ” section and a 
“distribution ” section. Fig. C gives a diagram of the 
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arrangement, and in this I think we have all the essential 
elements for stability of the supply system. The new 
switchboards would have a rupturing capacity of from 
750 000 to 1000000 kVA—anything of more than 
1 million kVA in this country appears to me to be rather 
an extravagance. 

Mr.H. A. McGuffie : The remarks I wish to make are 
more concerned with actual experience since 1919, as I 
had to act for two large power companies abroad with 
lines transmitting up to 25 000-35 000 kW at 50 000 
and 150000 volts by means of overhead lines. In 
Spain we had trouble on the lines which was traced to 
certain circuits from the power station not being stable. 


favours the limiting of the rupturing capacity of circuit 
breakers to 500 000 kVA, but I should like to ask how 
he proposes to do this without the use of reactance 
external to the plant. Is it not a fact that, in British 
practice, units of 40 000 to 50 000 kW are now favoured ? 
Assuming that is so, for continuity of supply is it not 
necessary to run at least two such generators on one 
group of the busbars? Taking the short-circuit value 
to be 6 to 7 times the normal rating (the author’s qwn 
figure), would that not mean that the feeder circuit 
breakers on the main busbars must be capable of clear- 
ing something like 50000 x 7 x 2, or 700000 kVA ? 
Many experts take the figure of 10, which would give 


“Grid” “Distribution” 
section section 
Generating capacity to suit Generating: capacity to suit 
tetid"demand © © © © station feeder load 
1 ‘ 1 0) Generator reactance 
11 000-voit busbars “ Switches with retarded 
(new board) overload release 
rermanent Switches with Instantaneous 
between “Y 4 l overload release 
sections (reactance in parallel) 
Central Electricity 
Board's transformers 
11000-volt busbars 
existing board— 2 or 
more sections 
132 000-volt busbars 
Feeders 
e po 
“Grid'lines 
Fic. C. 


An investigation abroad was decided upon and we made 
inquiries in America and California. We are over- 
coming our troubles, not from the information obtained 
in America, however, but from Germany and Switzer- 
land. I agree with the author’s remarks as to the 
importance of voltage regulation being instantaneous, 
but I do not agree that there is only one type of regu- 
' lator which will give that result. At the present time 
there is a new type of regulator in use in Switzerland 
which is a combination of the Tirrill and Brown- 
Boveri regulators and embodies the features of both. 
In Switzerland the practice of using separate reactances 
has been entirely discontinued. The only reactance is 
that of the generators, transformers, etc. In Switzer- 
land, where supplies are being given to different 
countries from the hydro-electric plants, power factor 
regulators, very like induction regulators, have been 
installed throughout the system, and they are even 
introduced in open-air substations. The only auto- 
matic protection employed is overload protection, and 
lightning arresters have been done away with entirely. 
Mr. D. Martin : I agree with the author that the 
inherent internal reactances of modern generators and 
transformers should be sufficient for all practical pur- 
poses, particularly where step-up transformers are 
solidly connected to the generators before connection to 
the station busbars. It is obvious that the author 


1 million kVA. For flexibility in operation, where 
100 000 kW or more of generating plant may be on the 
busbars, I think it is well to be on the safe side and to 
install circuit breakers of 14 million kVA rupturing 
capacity, as has been done at Dalmarnock, Barking, 
North Tees, and other power houses. At Dalmarnock 
there are 42 of these switches, 28 of which have been 
in commission for over 74 years, and it says much, not 
only for their behaviour but also for that of the 
operating staff, that, for seven years at least, no Glasgow 
consumer has ever experienced a shut-down. What 
would have been the experience with circuit breakers of 
500 000 kVA can be readily imagined. Many American 
and Continental engineers who have visited Dalmarnock 
have complimented the local engineers upon their fore- 
sight and pioneering instincts in this matter. Records 
show that, for at least two years, Dalmarnock held the 
world's record in respect of capacity of circuit breakers. 
Whilst robust switchgear is an essential so far as 
“ stability ” and its ally “ continuity ” are concerned, 
considerable easement of duty on these essential parts 
of plant can be, and is, obtained by the use of reliable 
protective gear. For continuity of supply protective 
gear is essential, and 1 am rather disappointed that the 
author did not deal more fully with it. To obtain 
maximum service the supply network system should be 
of the “solid ” arrangement, built up preferably in 
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groups of ring mains with substations, static or other- 


Wise, containing robust switchgear at convenient points. 


With protective gear, the supply engineer has nothing 
to fear from faults developing in the network. The 
simpler the protective gear, the greater is the freedom 
from accidental tripping. There is no simpler type of 
protective gear than that in which use is made of the 
current-balance inherent in all three-phase systems. 
It is “ discriminative ” in the sense that it allows heavy 
“ straight through” currents to flow without dis- 
turbance, and “selective ” the moment a disturbance 
in the balance between phases takes place, due to a 
fault either between phases or to earth. The simple 
type, such as the Merz-Price or split-conductor, ensures 
that only the faulty section is cut out. This is due to 
the fact that in a healthy section the balance between 
phases is stable, whilst on the unhealthy section the 
stable condition is disturbed, causing a current to flow 
in the pilot wiring in series with which the relay trips 
are connected. To ensure the instantaneous tripping of 
a faulty section, as favoured by the author, it is essential 
that there should be nothing in the e.h.t. circuit, such 
as an undue amount of external reactance, which would 
choke the flow of sufficient energy to operate the pro- 
tective relays which, in turn, trip the circuit breakers at 
both ends of the faulty section, leaving the remainder 
of the ring in commission. Glasgow’s immunity from 
shut-downs is due to the adoption of these sound and 
safe principles. Practical experience proves that for 
large power systems the only safe course to pursue for 
stability, at any rate so far as the supply side is con- 
cerned, is the adoption of robust switchgear and a simple 
form of protective gear of the balanced-current type. 
Mr. E. Seddon: I am somewhat concerned about 
the disturbance that may take place when switching on 
a bank of 50 000 kVA of transforming plant. I think 
some special form of charging device will be necessary 
to prevent surges. On page 657 the author recommends 
that the exciter field coils of turbo-alternators should 
be energized from a separate source of supply—either 
a battery or a saturated-field machine. I have known 
of a few cases where it was found necessary to place 
an auxiliary winding over the exciter field coils capable 
of giving about one-half open-circuit voltage and 


excited from a battery, with the object of stabilizing 
the machine when working below the knee of the 
excitation curve. In large stations it rarely happens 
that an alternator is called upon to work on low loads, 
and the need for auxiliary field windings is not so 
essential. The design of plant has changed so much 
during the last two decades that we have almost for- 
gotten our old troubles. In the old days, say 25 years 
ago, station engineers were accustomed to working 
machines which had a reputation for instability. This 
was more particularly noticed when the change was 
made from rope-driven to direct-coupled alternators. 
It was then a frequent occurrence to have all machine 
ammeters off the scale and the lighting supply looked 
more like a 10-period system than that pertaining to 
the normal frequency. Under these conditions the 
steam pressure-gauges on the engines were the only 
means of finding out which set was supplying the load. 
The question of instability was not confined to alterna- 
tors. I should like to mention a case of the installation 
of d.c. turbine sets with generators in tandem. These 
generators had a straight-line characteristic, the rheostat 
adjustments being extremely sensitive. Frequently, 
when the machines were operating in parallel, one of 
their number would suddenly decide to take the whole 
station load, with disastrous results. This bad habit 
was only cured by making adjustments to the machines 


‘so that they all gave a 12 per cent drop in voltage 


between no load and full load with a fixed position of 
rheostat. Whenever an armature was changed the 
procedure of placing the set on test-tanks to obtain this 
voltage-drop had to be undertaken. Referring again 
to alternators, many cases have come under my notice 
where exciters have reversed their polarity on the 
occasion of a severe overload. I cannot readily accept 
the author’s limit of 500000 kVA for the breaking 
capacity of switchgear. The tendency to-day is to 
install switchgear of 1500000 kVA breaking capacity 
for the very large stations. Although switchgear of 
this capacity is naturally expensive it is money well 


_ spent, and no engineer can be blamed for taking the 


long view. 
[The author’s reply to this discussion will be found 
on page 801.] 


NORTH MIDLAND CENTRE, AT LEEDS, 7TH FEBRUARY, 1928. 


Mr. W. W. E. French: My remarks are intended to be 
an amplification of the conditions of static stability of 
transmission lines as stated in the paper, and to furnish 
some methods of calculation; in this sense my remarks 
are supplementary to the paper. The great difficulty 
experienced in synchronous systems is the existence of a 
definite stability limit of the paralleled stations, whether 
such stations be primary or generating stations, or 
secondary, i.e. motor and transformer substations. In 
the days of reciprocating prime movers, surging due to 
faulty switching, overload impulses, etc., was greatly 
affected by synchronous machinery swinging or oscillat- 
ing in sympathy with the impulse frequencies of the 
reciprocating machinery. Now the causes of disturbance, 
owing to the uniform torque of turbines, are mainly in 
the electrical circuit; this leads, particularly for long line 
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transmissions, to a close study of the static stability of 
such systems. The limit of stability of power trans- 
missions is obviously reached when the power demand 
exceeds the capacity of supply, and the apparatus both 
at the receiving and sending end must fall out of step, 
owing to undue reduction in the voltage. The physical 
conception underlying the advent of instability may be 
found in the fact that a certain definite amount of 
magnetic energy is imparted to the transmission system 
by the current, and that, at the stability limit, this : 
magnetic energy (stored in the transmission line) is 
equal to the available magnetic energy in the inductor 
system of the alternator. This statement is to some 
extent modified by the ohmic resistance of the line; but 
the effect of ohmic resistance is much more important in. 
connection with the dynamic stability of interconnected 
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generator and motor stations. In short transmission 
systems the capacity is negligibly small, and most 


problems can be attacked by the ordinary impedance 


methods. : With long transmission lines this is not the 
case, and the effect of capacitance must be taken into 
consideration. Itis, of course, well known that capacity 
introduces a leading quadrature current component 
which gradually attenuates from the sending to the 
receiving station. Within limits the effect of capacity 


Fic. D. 


may be regarded as beneficial in so far as it counter- 
balances the magnetic effect of the line, thus producing 
a relative increase in the available magnetic energy in the 
rotors of alternators. The phenomena of stability limit 


can be investigated and understood with great facility | 


by means of the power circle diagrams, similar to the 
circle diagrams with which we are familiar in connection 
with the induction motor. This becomes clear from a 
comparison of the two equivalent circuit diagrams, one 
for a transmission system (Fig. D), the other for the 
induction motor (Fig. E). In the case of the induction 
motor Y, = (Ja + jbz) is the magnetizing admittance 
of each stator phase. In the case of the transmission 
system Y, = (Ja + Jda) is the total circuit admittance 


---- N ----> 


EERE 


Fic. E. 


and depends on the line constants and those of the 
connected apparatus. In the case of the induction 


motor the resistance res has been referred to the slip 
and appears as a variable load resistance, corresponding 
to the variable load resistance 7, in the equivalent 
diagram of the transmission system. The mathematical 
development for the diagrams shown is given by Arnold- 
La Cour (‘‘ Die Wechselstromtechnik, vols. i and iv ””). The 
circle of Fig. F refers to a power transmission, 7, and 
z, being line constants, and Y, the parallel admittance 
of the substation. «xr, the load reactance is taken as 
constant and r, the load, is varied. V,, the primary or 
sending voltage, is taken as constant. It can then be 
shown that the ultimate diagram of the current variation 
is the circle K, which is the locus of the ends of the 


current vectors with varying load 7,. The point O, is 


the inverse point of O, and corresponds to OO, = V,/Z,, - 
i.e. the short-circuit current when the substation busbars 
are short-circuited. This value can also be easily 
calculated if the line constants, the open-circuit charac- 
teristic of the alternator, and its synchronous reactance 


“are known. The variation of the substation voltage for 


~ 
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' various loads P can be obtained by using a suitable 


voltage scale. Therefore O,P = V, at current J,. 
It can be shown that W, = 0 is the datum line of the 


load, and that the vertical from any point P to it will 
_ be equivalent to the transmitted power. 


The latter 
attains a definite maximum at the line of stability limit 


'; which is also perpendicular to the line datum. The 


inclination of the datum line depends on the circuit 


' constant, and with it the maximum power or stability 


limit of the transmission system itself. The point P, 


corresponds to short-circuit of the load 7, and Py to 


SÍ 
Y, (constant) HF variable 


open circuit of the substation. In both cases there is 
no useful power. The circle in Fig. G refers to the same 
circuit, but is applied to the conditions of constant 
receiving voltage V, and variable or sending voltage V, 


' The current or admittance curve K may have for the 


moment any shape. 
Voltage at sending end = v, = Ve + 1,2, 
Load current = A = V, Y = Valg +- 7b) 


s . [V : 
“V= Z| 241 
2l +5) 


. x 
and -= = Va -> +j- 
Ly (A 2) 


woe 
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and is the short-circuit current with reference to | the 
secondary voltage Vo. 


OA = V, X = (the wattless portion) 
41 of the short- 


= ri circuit current 
AO, = FV, X —, (the useful portion) 
Zi 


O, is again an inverse point of O, and the circle about the 
chord OO, is an impedance or voltage circle respectively. 
Therefore OO, is expressed in volts and, being constant, 


the change in voltage V, with varying load conditions P 


is given by the vector O,P. The phase angles are 
Pi = Po + 6, and De = dy — 6. Fig. H is in effect the 


same diagram (Fig. G), assuming that K is a circle, 


which is correct in most cases. In addition, the stability- 
limit line and the load-datum line have been drawn. 


o 
(constant) 


“Ly Or | Uf, or 
reactive kVA >A," ug reactive KVA 
(lagging) A 43 2 10 (leading) 

1 
e 
Fic. J 


In all cases it has been attempted to draw the diagrams 


for the same circuit conditions and to the same scale, 
and it will at once be noticed that, owing to the increased 


primary voltage V, and the relative increase in the : 


available magnetic energy of the alternator, the stability 
of the system has been greatly improved. Again, the 
angle a depends on the value of the circuit and line 


constants, and with it the stability-limit line. In modern 
power transmission the problem of ** compounding ” and 

“ over-compounding ” transmission systems by means of | 
synchronous condensers is receiving great attention. ' 


The action and possibilities of such synchronous:con- 
densers are easily investigated by means of Figs. J 
and K, which are an extension and special application 
of those just described, and worked out for V, = con- 
stant. The curve K is the locus for the load current I», 
and the current circle K, has been obtained by inversion 
of: the voltage or impedance diagram of the previous 
circle. J, is the current sent from the sending or 
primary station. With reference to Fig. G, it will be 
seen that the voltage increase (V, — V,) is in the first 


instance due to the current vector J}, both as regards 
magnitude and phase. If, therefore, V, is held constant, 
and therefore the voltage increase (V — Vo) is constant, 
then the point P will travel on a circle about the point O.. 
This condition .can be fulfilled if at the substation, or 
at any intermediate point, a current consumer or a 


generator is placed parallel to the load, and the current 
from such a machine be so regulated that the vector sum 
of the load current and this particular current is the 


sending current from the station; thus J, = I, + Lo. 


The current I y May be purely wattless, when the machine 
supplying it is known as a synchronous condenser, and 
the system is compounded since V, remains constant. 
The phase regulator or synchronous condenser will have 
to send a wattless lagging component current into the 
system. In other words, it will receive from the system 
a leading wattless current, since the reception of a phase- 
leading current is identical with the delivery of ‘a phase- 
delayed current. Fig. K is in effect the same as 
Fig. J and shows the complete diagram for the current 
circle K,, together with the stability-limit line. Again, 
for any point P the vertical from this point to the load 
datum will be equivalent to the transmitted power. The 
maximum stable load occurs when this vertical coincides 
with the stability-limit line; and it will be seen that the 
introduction of the synchronous condenser has greatly 
improved the static stability of the system. With 
reference to Fig. J, if the sending voltage V, is held 


constant and the receiving voltage V, is allowed to vary, 


then several circles K,, Ky, Kg, etc., of equal radius are 


‘possible. Their centres lie along the line OO, and the 
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apex points B,, Bg, etc., of the various circles travel along 


the parallel to OO,. AB, is equivalent to the maximum 
load and maximum useful component of the current, and 
it will be seen that with increasing V, the maximum load 
and the maximum useful component of the current 
diminish. The‘ V ” line characteristics oí Fig. N can be 
found by means of Fig. J. Further, it can be shown that 


similar circle diagrams can be constructed for synchro- 
nous machines, and that such diagrams become available 
for the determination of the “ V ” characteristics of the 
synchronous condenser as well as the “ V ” line charac- 
teristics of the transmission system. Fig. L shows in 
outline the development of the circle diagram of the 
synchronous machine under the assumption of constant 


impressed voltage and constant field excitation, Le. | 


Theoretical 


no-load 
t 1 ‘ $ $ Ly or 
reactive kVA reactive kVA 


(lagging) (leading) 


Fic M. 


constant back e.m.f., which determines the voltage 
circle about Mo for all loads. Dividing all the quantities 
appertaining to this circle by the impedance Z,, the 
current circle K of the synchronous machine is obtained. 
This is the geometrical locus of the point D for the 
varying loads of the motor. Again, the verticals from 
D to the load datum are equivalent to the load, the load 
maximum and the stability limit being reached when 
D coincides with D,. With reference to Fig. M, it can 
be shown that the circles Kọ, K, etc., are circles 
for constant output of the synchronous motor for 
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constant applied terminal voltage and variable back 
e.m.f. e, i.e. for variable field excitation, and that this 
diagram can be used for the calculation of the “ V ” 
curves of the synchronous motor (or synchronous 
condenser), provided the machine constants and the 
open-circuit characteristic are known. It appears equally 
feasible that this diagram can be used, instead of Fig. J, 
for the determination of the “ V”? line characteristics 
(kW,, kW,, of Fig. N) for variable receiving voltage Vo. 
In this case the line constants must be substituted for the 
machine constants. I have had no opportunity yet of 


Reactive kVA curves for constant-excitation . 
synchronous condenser . 


" Stability limit 
for K% variable 


—> 
Leading 


.— 0 
La 
SEINS [Reactive KVA 
a-b + Stability limit for best field regulation 
on synchronous condenser 


Fic. N. 


testing this method; but a similar method has been 
employed by Mr. E. B. Shand.* In Mr. Shand’s case 
the Blondel parallelogram has been applied, whereas in 
this case the circle diagram has been used. 

Mr. R. M. Longman : The author gives the case of a 
line 75 miles carrying 50 000 kVA. I worked out some 
figures and found that before the instability point was 
reached the line could be lengthened to 400 miles, so 
that it would appear that if a heavy short-circuit 
occurred on such a line there would be little likelihood of 
instability being reached. In most cases 1 found that 
the ratio of the length of line to the permissible length 
before instability was probably between 1:3 and 
1:5. The conditions existing a few years ago on a 
case I was considering were very different indeed. The 
voltage was lower, the line was much smaller and the 
resistance and reactance were higher. As a matter of 
fact the resistance and reactance were almost equal, 
which is, 1 believe, a rather .favourable condition for 
transmission, but the capacity of the plant operating 
at either end was sometimes very small. The result was 
that the percentage impedance of the line was high. 
Under certain conditions there was instability and 
violent swinging, particularly when a machine was 
switched in out of phase. It appeared, however, 
that the larger-capacity lines and plants were not run- 
ning near the stability point in most cases. The 
author refers to the automatic maintenance of voltage 
at the generator end, in some cases the voltage even 
being increased in order to maintain the stability. 1 
should like to know whether he has considered the 
system that is in use, 1 believe, largely in Switzerland, 
of introducing current-limiting resistance when a short- 
circuit occurs. I am informed that this system works 
very satisfactorily. I think that considerable caution 


* Transactions of the American I.E.E., 1924, vol. 43, p. 59. 
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should be exercised before introducing reactance in the 
grouping of a system. I should prefer, if it were 
possible, to couple two sections of a large station by 
means of a resistance with quick-acting switches which 
would open in the event of trouble and throw the 
resistance in circuit. The scheme put forward by 
the author of using separate machines for exciting the 


exciter will add considerably to the stability, but it is ' 


`~ 
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an additional complication. One alternative is to excite 
the exciter from a battery, and I presume that that 
would give almost equally good results. In one part of 
the country there is a long length of high-voltage cable on 
which the night-load conditions are such that the power 
factor on the system is reduced to 0-4 or 0-5 leading. 
To make the conditions more stable it has been found 
necessary to switch in a reactance in the early evening. 


THE AUTHOR’S REPLY TO THE DISCUSSIONS AT GLASGOW AND LEEDS. 


Mr. F. H. Clough (iz reply): Some points have 


been raised which were not referred to in the earlier: 


discussions (see vol. 65, pp. 659-673). Several speakers 
have taken exception to «ny figure of 500000 kVA as 
the desirable limit of short-circuit fault current in a 
modern system. Since the paper was first written, our 
ideas of size have increased and, with the larger systems 
contemplated, larger fault currents may occur and 
larger. and more expensive circuit breakers will be 
necessary. 

` Mr. Bridge asks my opinion about installing static 
condensers on the transmission system which he describes. 
Such condensers would not increase the stability, but 
could be used to improve the power factor. They should 
be arranged preferably in sections so that they could be 
adjusted to suit load conditions. I should doubt, how- 
ever, whether it would be desirable to use static con- 
densers on this particular system, as the reactance of 
the line is not very high. 

Mr. French has given a very comprehensive review 
of the stability of transmission lines by means of circle 
diagrams. Such circle diagrams certainly give a graphi- 
cal soluticn of the power limits of induction motors, 


transformers, transmission lines, etc., but I am inclined 
to think that they are rather complicated. For a 
rough approximation the: diagrams which I used are 
simpler, and for more accurate results I am inclined to 
favour numerical calculations for any specific problem. 
Mr. French’s diagrams, however, show that he has 
studied this problem very deeply, and he has given a 
much more elaborate dissertation than I have attempted. 
The object of my paper was merely to point out as 
simply as possible that limits exist and on what they 
depend. 

Mr. Longman states that he has calculated the stability 
of a 75-mile line and considers that the latter could be 
lengthened to 400 miles before instability is reached. 
This is, presumably, without including the transformer 
reactances. In the diagram which I showed I included 
the reactance of both step-up and step-down trans- 
formers, and this gave a total value of about 30 per 
cent. The use of a battery to excite the exciter will 
give satisfactory results, but it is not always con- 
venient to employ a battery. A double exciter has 
been found to be a convenient arrangement in many 
cases. 
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| 


Regulations for Radio Apparatus Connected to 
Electric Supply Mains. 


Regulations for radio apparatus connected to electric 


supply mains have -been approved by the Council for - 


‘issue in the form of a supplement to the Ninth Edition 
of the I.E.E. Regulations for the Electrical Equipment 
¿Of Buildings. Copies of the .pamphlet can be obtained, 
free of charge, from the Secretary for insertion in existing 
copies of the. Ninth Edition of the Regulations.. | 


Nomination for Election to the Council. ' 


In addition to those members nominated by the 
Council (see page 666) the following member has been 


nominated for ballot as Ordinary Member of Council: : 


H. E. YERBURY (Nominated by Messrs. W. E. Burnand, 
.W. E. Chappell, E. Cross, W. H. Duffett, S. E. Fedden, 


,D. G. Jones, I. S. Mackenzie, W. F. Mylan, G. H. Nelson | 


and T. F. Wall, D.Sc., D.Eng.). 
| Fuel Conference, 1928. 


A Fuel Conference, organized as a sectional meeting - 


of the World Power Conference, and supported by 


45 countries, will be held at the Imperial Institute, . 
South Kensington, London, from the 24th September | 


to the 6th October, 1928. Any applicant, subject to 
the approval of the Executive Committee, is entitled 


to become a member of the Fuel Conference on payment | 


of 30s., which will be reduced to 20s. in the case of 
members of participating Institutions (these include the 
Institution of Electrical Engineers). Applications for 
membership forms should be addressed to the Secretaries, 
Fuel Conference, 1928, World Power Conference, 
36 Kingsway, London, W.C. 2. 


Public Works, Roads and Transport Congress 
and Exhibition, November, 1929. 
The following prizes are offered for papers submitted 
for discussion at the Congress to be held in November, 
1929 :— 


Ist Prize Gold Medal and 50 Guineas; 
2nd Prize .. Silver Medal and 30 Guineas; 
3rd Prize Bronze Medal and 1 5 Guineas ; 


and additional awards each of 10 guineas. 

The subject of a paper must be one covered by the 
objects of the Congress, namely, highways and bridges, 
water supply, sewerage and sewage disposal, cleansing, 
gas, electricity, housing and town planning, tramways 
and light railways, agriculture (small holdings, land 
drainage, land reclamation and agricultural education), 
and local government organization. 

No paper will be accepted which has been published 
or read elsewhere. 

Full particulars can be obtained from the Honorary 
Secretary of the Congress, to whom all papers must be 
sent, at 84 Eccleston Square, Westminster, London, 
S.W. 1, not later than noon on the 31st December, 1928. 


Home Office Industrial Museum, London. 


The purpose of this Museum is to show the best 
methods known to the Home Office for protecting the 
industrial worker against accidents and promoting con- 
ditions most favourable to his or her health and efficiency. 
The exhibits include many of the actual machines used 
and methods employed in industry, and amongst the 
various sections the followingshould be of direct interest 
to members of the Institution: Machine tools; power 
presses; transmission machinery, including emergency 
control of steam and electric drives, and belt mounting 
devices; lubrication; good and bad systems of lighting; 
ventilation and dust extraction; cloakroom and washing 
accommodation, etc. 

The Electrical Section shows the requivements as set 
out in the Home Office Electricity Regulations, together 
with exhibits of conditions which have caused fatal 
accidents. 

The Museum is situated in Horseferry Road, West- 
minster, S.W., and is open free to the public from 10 a.m. 


to 1 p.m. on Mondays and Fridays, and 10 a.m. to 1 p.m., 


and 2 p.m. to 4 p.m., on Saturdays. Arrangements are 
also made for parties to be conducted through the Museum 
any afternoon on application to the Chief Inspector of 
Factories, Home Office, Whitehall, S.W. 1. 


The Benevolent Fund. 


The following is a list of the Donations and Annual 
Subscriptions received during the period 26 May-25 
June, 1928:— 

£ s. d. 
Abba, H. A. (Hul) .. sè di gi 
Anido, A. J. (London) ea ies et 1 
Anonymous... sa oA ae | 
Ashbee, R. H. (Luton) 
Astley, J. W. (Liverpool) pa 
Atkins, R. E. (North Walsham) 
Barclay, W. R. (Birmingham) 
Barnes, C. W. (Worthing) jis 
Beale, H. R. (Lower Hutt, N.Z.) 
Beattie, R. B. (Burnley) 
Beck, J. W. (Ilford) 
Beynon, B. T. (Manchester) .. 
Blacklock, C. W. (Middlesbrough) 
Bowdler, W. (Prescot) 
Brierly, R. F. H. (Newcastle- -on-Tyne) 
Broadbent, H. R. (Eyam, A daa 
Brown, E. L. (London) big ó T 
Brown, R. R. (Chelmsford) .. - s | 
Bryant, G. H. (Antwerp) ae 
Buchanan, W. McE., Jun. (Glasgow) 
Burbridge, P. G. H. (Manchester) 
Bursill, A. (Potsdam) .. se 
Calverley, J. E. (Preston) : 

* Annual Subscriptions, 
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Cameron, D.L. (Arapuni, N.Z.) 
Campbell, A.C. (Woodford Green) .. 
Campling, P. G. (Great Yarmouth) .. 
Carfrae, W.J. (Rugby) E 
Carpenter, G. W. (Scarborough) 
Carter, E. (Ipswich) 

Carter, F. W. (Rugby) 

Causbey, R. J. (Chester) 

Chalmers, J. W. P. (London) 

Cleaver, R. L. (London) de 
Combes, F. R. (Auckland, N.Z.) 
Connelly, D. (London). . 

Curteis, A. F. R. (London) 

Dalgleish, J. W. (Manchester) 

De Renzi, A. J. C. (Newcastle, Stafís.) 
Dixon, G. S., Jun. (Auckland, N.Z.) 
Downing, H. E. (Birmingham) 

Dunn, S. W. (Portsmouth) 

Edgar, F. J. (London) ; 
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INSULATING OILS FOR HIGH-VOLTAGE CABLES. 


By T. N. RiLeyY, D.S.C., M.Sc., Member, and T. R. Scott, D.F.C., B.Sc., Associate Member. 


(Paper first received 6th October, and in final form 17th December, 1927; read before THE INSTITUTION 23rd February, 
and before the NORTH-EASTERN CENTRE 12th March, 1928.) 


SUMMARY. 

Attention is drawn to the fact that the majority of the 
published work on insulating oils has reference to their use 
for transformers and switchgear. The requirements for 
cables are briefly outlined. Experimental results are then 
quoted showing the bearing of the physical and electrical 
characteristics on the. performance of the finished cable. 
The high importance, both thermally and electrically, of 
avoiding gas pockets in the dielectric of a cable in operation 
is indicated, and the oil characteristics necessary to secure 
this are stated. A sensitive method of measuring changes 
in the electrical characteristics is described, and a possible 
application to sludging tests of transformer oil is suggested. 
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INTRODUCTION, 


The use of oils for insulating purposes is a subject to 
which engineers are devoting increasing attention. The 
work carried out by oil refiners has hitherto been 
directed primarily to the production of a lubricant, and 
the problem of producing an oil the’ primary require- 
ment of which is to act as an electrical insulator is 
not yet satisfactorily solved. 


Most papers read before technical institutions, and 


most public discussions, have centred round the use of 
oil for the insulation of switchgear and transformers. 
An equally important use is in the dielectric of paper- 
insulated lead-covered cables. It is true that these 


uses have many requirements in common, but with the 
exception of Beaver’s book on ‘Insulated Electric 
Cables ” * there is very little published work in this 
country which deals specifically with this point. It is 
therefore thought that an account of some of the 
research work on oils for use in high-tension cables 
carried out in the laboratories of Messrs. Standard 
Telephones and Cables, Ltd., will be of general interest. 
Oils suitable for high-voltage cables are, in general, 
equally suitable for low-voltage work, but many of the 
characteristics which are of importance for high voltages 
are of minor importance when the electrical stress in 
the dielectric is low, and the range of oils available is 
therefore increased. Chemical requirements are prac- 
tically similar to those for switchgear and transformer 
work, and have been very fully dealt with by previous 
writers. 

In the physical and electrical field also there is much 
common ground, and with one exception the tests to 
be made are similar. Whereas for transformer work 
dielectric losses have usually been ignored, they are of 
major importance in cable work and in the present 
paper special attention is devoted to them. It is not 
proposed to discuss fundamental dielectric theory, but 
rather to point out the variations which occur under 
various physical conditions, and their bearing on the 
manufacture and operation of a cable in service. 


Methods of test for the selection of the most suitable 


material are also indicated. 

The results quoted are selected from studies made on 
the characteristics of over 40 mineral oils drawn from 
9 different suppliers. They may thus be considered to 
be representative of present-day oil supplies for cable 
insulation purposes. 


GENERAL REQUIREMENTS. 


The purpose and importance of the various charac- 
teristics of an impregnating compound are familiar to 
those engaged in the cable industry, but in order that 
the bearing of the tests described below on the manu- 
facture and use of cables may be appreciated by non- 
specialists, it is perhaps desirable to outline them 
briefly. 

Chemically there are few fundamental requirements, 
since it is the physical and electrical properties which 
mainly determine the most suitable compound. Although 
at one time vegetable oils were largely used, it is usual 
at the present day to employ pure hydrocarbon (mineral) 
oil as the main constituent. There is no fundamental 
necessity to make use of this type. Carbon tetra- 
chloride and similar liquids in which the hydrogen of 
the hydrocarbons is replaced have been suggested by 
various investigators. References to such work are 

* See Bibliography, (1). 
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given in a recent review of progress in insulating oil 
research by Everest.* So far, however, oils have been 
preferred in practice.t In order that the compound 


used may have no injurious effect on the material 


impregnated or on the adjacent metals, it must be free 
from inorganic or organic acids. Its chemical structure 
should also be stable so that its characteristics will not 
change with time or with the application of such tem- 
peratures as may be attained in manufacture or in 
service. f 

Physically the compound must have the properties of 
a lubricant in order that the paper layers may slide 
over each other without fracture when the cable is 
handled. Its viscosity must be sufficiently low at the 
impregnating temperature to permit thorough impreg- 
nation of the paper (viscosity is not the only property 
concerned in this process, as will appear later). On the 
other hand, it must be sufficiently high at service 
temperatures to prevent easy drainage when the cable 
is laid on a slope or when it is cut for jointing. The 
compound must not, however, have a definite set 
point within the working range of temperatures, or the 
capillary channels in the dielectric will be blocked as 
the cable cools after impregnation and there will be a 
risk of the formation of voids. The desirability of a 
high viscosity under working conditions applies only to 
cable of the normal structure and not to the type having 


a continuous oil channel connected to reservoirs. In . 


the latter case a low viscosity has hitherto been specified 
to give a free flow, but the tendency even here is to 
revert to a heavier oil of higher viscosity. When such 


reservoirs exist the coefficient of expansion of the oil . 
is of minor importance, but for the usual cable structure ` 


it is desirable that the coefficient of expansion of the’ oil 


should be as low as possible in order to avoid troubles | 
arising from the formation of voids after expansion 


and contraction with changes of temperature in 
service, 


The thermal resistivity of the oil should be low in : 
order that the cable may run cool in service, but what — 


is of even greater importance is that the oil should 
completely fill the spaces between the paper fibres. It 


is perhaps not generally appreciated that while the | 


thermal resistivity of the paper fibre itself is rather 
lower than that of the oil, the resistivity of the contacts 
between layers of dried paper is of the order of 5 or 6 


times that of the oil. Imperfect impregnation will 


therefore raise the thermal resistivity. 

Electrically the compound should have the lowest 
possible alternating-current conductivity over the work- 
ing range of temperature in order that the dielectric 
losses may be low in service. It is also desirable that 
the dielectric constant should be low to keep down the 
capacity and charging current of the cable. In oil 
Specifications a breakdown test is commonly specified. 
This is of minor importance, as many oils can be obtained 
which, when clean and dry, will give high break- 
down tests although their conductivities are much 
too high for satisfactory cable work. On the other 
hand, any oil which is satisfactory as regards con- 
ductivity is also satisfactory from the breakdown point 
of view. 


* See Bibliography, (2). t Ibid., (2) and (3). $ Ibid., (4). 


DESCRIPTION OF TESTS. 


Chemical.—As has already been pointed out, the oniy 
primary chemical requirement is the test for freedom 
from acid content. The standard test is fully described 
in B.S.S. No. 148. There is no difficulty in obtaining 
oils to meet this test and it has not been thought neces- 
sary to make any further reference to it here, 

It may be indicated that, quite apart from any 
corrosive effect, increase of acidity is always accom- 
panied by increase in conductivity and consequent 
increase of dielectric loss. The increased loss is usually 


0-08 


Power factor (50 cycles per sec) at 16°C. 


Lo00 3000 5000 7000 
Stress, in volts per mm 


Fic. 1..—Power-factor/voltage characteristics at 16°C. of 
cables impregnated with oils of various set points. 


apparent before the change of acidity is measurable by 
chemical means, and the matter is therefore discussed 
below under the head of deterioration. 


Physical 


_ Flash point and loss by evaporation.—With heavy oils 
of the type normally used for cable work these charac- 
teristics are usually well within the limits specified for 
transformer oils in B.S.S. No. 148. The values obtained 
for flash point are usually between 500 and 600° F. 
Satisfactory tests will always be obtained except in the 
unlikely case of a supplier attempting to bring a heavy 
oil within a required viscosity range by the addition 
of a relatively light and volatile constituent. These 
characteristics are mainly of interest to the manufac- 
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turer as they affect the behaviour of oil in the impreg- 
nating tanks. Since they do not affect the performance of 
the finished cable they need not be further discussed here. 

Specific heat.—This characteristic also affects cable 
performance to a very slight extent only. It will affect 
slightly the rate of change of temperature with load, 
but is of main interest to the manufacturer who has to 
heat and cool relatively large volumes of compound in 
the impregnating tanks. Monkhouse has published * 
tests showing that it rises with rise of temperature, and 
this has a theoretical interest in connection with attempts 
to relate the changes of other characteristics with tem- 
perature to the structure of the oil. 


0-02 


Power factor (50cycles per sec.) at 16” C. 


Set point.—When an oil cools down from. a tempera- 
ture at which it is completely fluid there is in general 
no point of sudden change to the non-fluid condition. 
In B.S.S. No. 148 two points are distinguished :— 


(a) That at which the oil becomes cloudy owing to 
the precipitation of solid paraffins, and 
(b) The temperature at which the oil has zero fluidity. 


For an oil to have zero fluidity does not necessarily 
mean that it is solid. All oils set to+jellies, and plastic 
flow may still occur. 

With the relatively heavy oil used for cable purposes 
the first point is very difficult to determine directly, 
and the second point is of major importance. 

The adverse effect of a high set point on impreg- 
nation is shown by Fig. 1, which illustrates the power- 
factor/voltage characteristic of 6 cable samples which 
were treated in exactly the same manner, with the 
exception that the set points of the oil used varied 
from — 5°C. to 55°C. The samples were cooled down 
while still immersed in the impregnating compound, 


* See Bibliography, (5). 


As this sets, it tends to choke the capillary channels 
and, as further contraction occurs, voids are formed. 
Oils of low set point remain fluid during the impregna- 
tión period, so that impregnation is continuous and no 
voids are formed. The oils having high set points give 
cables showing marked ionization points, indicating the 
existence of voids in the dielectric. The oils having 
low set points give flat power-factor/voltage charac- 
teristics though the actual power factors obtained differ 
according to the nature of the oil used. It is of interest 
to note that so long as tests are not carried out above 
a stress of 2000 volts per mm, cable No. 14 appears to 
give worse results than cable No. 1, though it is actually 


n im 
o Regnation 


`I minute at 
22200 volts 


a much better cable. The magnitude of the increase in 
power factor caused by the high set point will vary 
according to the coefficient of expansion of the oil. 

In all tests of the set point the time element affects 
the result very appreciably. If an oil is cooled rapidly 
it may be retained in a fluid state to a lower temperature 
than if it is cooled slowly, e.g. Salkowsky* in experi- 
ments on codrliver oil found that rapid cooling gave a 
set point of — 15°C., whereas. the oil would set at 
— 4° C. after several hours. An example of this effect 
in a cable compound is also given in Fig. 17. At 
cooling periods down to 5 minutes the set point varies 
little, but shorter times markedly lower it. This factor 
is taken. care of in B.S.S. No. 148 by specifying that 
the oil shall be maintained at the test temperature for 
a definite period of 30 minutes. Because of this effect 
rapid cooling of a cable sample having an oil with a 
high set point ought to give a better impregnation than 
slow cooling, and this is illustrated in Fig. 2. The 
phenomenon described by Beavis}. in the discussion on 
Dunsheath's 1925 paper is probably due to this cause. 

* See Bibliography, (6). t Ibid., (7). 
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He says, “ The cable . . . had to be removed from the 
tank when at a temperature of 180° F. and forthwith 
Placed in a cold tank. The normal power factor was 
much improved by this drastic treatment and remaihed 
so for some days; the original value, however, was 
regained on slowly cooling from the high temperature 
about a week later.” Here we have rapid cooling 
lowering the set point and keeping the compound fluid 
so that no low-pressure voids are formed and the power 
factor is improved. Slow cooling allows the set point 
to occur at a higher temperature, voids are formed and 


0-14 


Power factor at 50 cycles per sec. 
© 
O 
o 


ionization occurs as the published curve shows. It is 
probable that had. the cable then been left for some 
weeks there would have been a slow equalization of 
internal pressures by plastic flow under the pressure 
differences and the power-factor curve would have 
improved again. Fig. 3 shows:this recovery effect in a 
belted type cable tested by the huthors. . Similar effects 
have been obtained by Del Mar* and Hanson.f 

It has been common practice in certain cases to add 
resin to the impregnating compound. The effect of the 
addition of resin is to raise-the set point of the oil, as 
shown in Fig. 4, and from this point of view the addition 
of resin is therefore injurious. : 

Coefficient of expansion.—The coefficient of expansio 
is closely associated with the density of the oil. This 
does not refer to the obvious relation between the 
coefficient of expansion and the density of a given oil 


at various temperatures, but to the fact that there 


appears to be a general relationship between the 
coefficient of expansion and the density of different oils 
at the same temperature. This is illustrated in Fig. 5. 
Alternatively it can be shown that a close approxima- 
* Sen Bibliography, (8). + Ibid., (9) 


0 40 5 
Voltage (Icore—2 cores earthed) 


Fic. 3.—Power-factor/voltage variation tests. Effect of cutting off circulating current from a cable after a temperature 
of 164° F. had been attained. 


tion to the mean coefficient of expansion is given by 
the expression 
a 
D, 
where a = rate of change of density per deg. C. 
D, = density at basic (lower) temperature. 


From this expression it is evident that the coefficient 
of expansion must decrease as the density increases. It 
is interesting to note, however, that a also tends to 
decrease as D, increases. This is illustrated in Fig. 6. 


The value of a is of course not a constant for a given 
density. Oils of different origin exhibit different values. 
For example, Bearce and Peffer* found that Californian 
oils have greater values of a than Pennsylvanian oils. 


Set point (B.S.S. N*148) 
+ 
n 


| 


Percentage of resin 


Fic. 4.—Variation of set point with addition of resin. 


The effect of the addition of the resin is to raise the 

density and hence slightly to reduce the coefficient of 

expansion, as shown in Fig. 7, and this is of course an 

advantage. In order that the figure may not give a 

misleading impression of the advantage to be obtained 

it should be noted that the curve does not start at zero. 
* See Bibliography, (10). 
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The effect of coefficient of expansion on the perform- 
ance of the finished cable is illustrated in Figs. 8 and 9, 
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distends the lead. After cooling, the lead does not 
return to its original dimensions .and, as the compound 


Density at 25°C. »———= 


Fic. 5.—Variation of coefficient of volumetric expansion with density of oils at 25° C. 


Rate of change of density 


Density (grammes per cm?) at 25°C. 
Fic. 6.—Variation of rate of change of density with density of various oils at 25* C, 


which refer to 3-core belted-type cables. Curve “A” 
in Fig. 8 shows the power-factor/voltage characteristic 
of the cable as first manufactured. Curve “ B ” shows 
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0-68 
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Fic. 7.—Oil No. 10 and resin. Variation of coefficient of 
volumetric expansion with resin content. 


the characteristic after heating to a temperature of 
60°C. During the heating the compound expands and 


contracts, voids are formed in the cable. Results are 
as indicated by the rise in the power-factor/voltage - 


Power factor 


Three-phase voltage 


Fic. 8.—Variation of voltage/power-factor characteristic with 
temperature cycles (belted-type cable). 


characteristic shown in curve “ C.” Fig. 9 shows the 
power-factor/temperature characteristic of the cable 


810 


RILEY AND SCOTT: INSULATING OILS FOR 


after heating to various temperatures. The higher the 
temperature reached the greater the distension of the 
lead and the greater the voids formed on cooling. The 
consequence is that whereas the power factors are of 
the same order while the cable is hot the voids formed 
on cooling cause a rise of power factor after heating to 
the greater temperature. Emanueli* also has described 
similar effects. Other characteristics such as thermal 
resistance are also affected by such cycles, as is indicated 
later. 

In discussing the set point, the thickening effect which 
commences at a higher temperature was also referred to. 
The commencement of thickening is indicated by a 
marked change in the coefficient of expansion, the value 
rising as thickening occurs. This is indicated for four 
of the five oils in Fig. 10. The most marked difference 
occurs in oil No. 1, which is of the petrolatum type 
setting at a relatively high temperature. 


Power factor at 50 cycles per sec 


Temperature 
Fic, 9.—Heat-runs at 33 kV (belted-type cable). 


Viscostty.—In all the experimental work carried out 
in the authors’ laboratory, the practice has been followed 
of determining viscosity in absolute units in preference 
to methods involving a particular type of instrument 
and requiring this to be stated in order to interpret 
results. For this purpose the U-tube method described 
in B.S.S. No. 188 has been used down to 30°C. At 
lower temperatures it is necessary to employ other 
methods, for example torsion viscometers. It is only 
when characteristics are expressed in absolute units 
that it becomes possible to relate them satisfactorily to 
other characteristics or to express the laws which they 
follow. Although most British oil suppliers still use 
the Redwood viscometer, and B.S.S. No. 148 refers to 
this method, the International Electrotechnical Com- 
mission at the New York meeting in 1926 recommended 
a general change to absolute units. | 

Fig. 11 shows typical temperature/viscosity curves 
for a few of the original oils tested. No. 1 is a petro- 


* See Bibliography, (11). 


Jatum of the type much used in American practice and 
it will be noted that although it is most fluid at impreg- 
nating temperatures there is a definite change of structure 
at about 60° C., when it ceases to flow and sets to a plastic 
jelly. While this gives good results for normal voltages 
it is unsuitable for very high-tension cables, as was 
indicated earlier. 

Fig. 12 shows the effect of the addition of resin to 
an oil. The viscosity at low temperatures is markedly 
increased, but the change at high temperatures is smaller 
though still marked, e.g. 20 per cent of resin approxi- 
mately doubles the viscosity of this oil at 80°C. If it 


0-94 


Density, in grammes per cm? 


40 
Temperature 
Fic. 10.—Density/temperature characteristic of various oils. 


is remembered that the flow in a capillary tube is 
inversely proportional to the viscosity it will be appre- 
ciated that impregnation of the dielectric is made more 
difficult by the addition of resin. 

It was remarked in a previous section that viscosity 
is not the only factor involved in the process of impreg- 
nation, although it is of primary importance. Emanueli* 
has indicated that the flow of fluids through a paper 
structure is inversely proportional to their viscosities. 
Under certain conditions this is true for the flow of air 
and oil through a sheet of paper. It is necessary, for 
example, that both sides of the paper should be sub- 
merged in the oil and that the pressure distribution 
should be uniform with steady flow. In the final cable 
structure the oil flow is not a simple flow normal to the 
plane of the paper, but a complex flow both along the 
paper via the gaps in wrapping and also normal to its 
plane. The tangential flow is much the greater of the 
two. This double flow creates turbulence and alters the 


* See Bibliography, (12). 
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distribution of pressure so that the apparent viscosity is 
much higher than that obtained by capillary tube 
methods. This is illustrated in Fig. 13. The curve in 
this case was obtained after impregnation was complete. 
The relative air and oil fiow is also a function of the 
paper structure. In resin mixtures, as indicated by 
Beaver,* dialysis will also occur, leading to non-uni- 
formity of the compound composition across the 
dielectric. 

In considering the effect of pressure it has also to be 
noted that viscosity increases rapidly with pressure; a 
given pressure gradient at an average high pressure will 
therefore be much less effective than an equal gradient 
at an average low pressure. Researches on the effect 


Viscosity, in centipoises 


main drainage occurs in the inner belt via the core. A 
certain amount occurs in the outer belt, since there was 
no lead sheath on the sample. The middle belt was 
unaffected up to the time of test. Drainage is, of course, 
affected not only by the viscosity of the compound but 
also by the absorptive power of the paper used. This is 
outside the scope of the present paper and will not be 
further discussed here. - 

From these practical considerations it might be 
assumed that a steep viscosity/temperature charac- 
teristic curve is desirable. It is, however, to be remarked 
that at 60° C., a temperature normal in service, drainage 
is but little restricted by such a choice. This is 
illustrated in Table 1 where it is shown that oils 


70 
Temperature 


Fic. 11.—Viscosities of compounds from 45° C. to 95° C. by U-tube method. 


of pressure on viscosity have been carried out by 
Bridgmanj and Hyde.{ 

A further practical effect related to viscosity is that 
of drainage from the cable dielectric during handling or 
jointing, or in hilly country during service. This effect 
is illustrated by an experiment carried out on a sample 
cable of the type shown in Fig. 14. The dielectric of this 
sample was made up in three belts as shown in the 
diagram, the belts being separated by layers of metal- 
lized paper. Impregnation was carried out with a more 
fiuid oil than is generally used for cable impregnation, 
and on removal from the tank the sample was allowed 
to stand for a short period before test. Drainage was 
immediately evident and, on test, the characteristics of 
Fig. 15 were obtained. It will be observed that the 


* See Bibliography, (13). t Ibid., (14). 
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having viscosities of the same order at this tem- 
perature may have quite different rates of change with 
temperature. 


TABLE l. 


Viscosity (centipoises) at 


Oil number 
80° C. 60° C. 80° C. 
10 690 120 51 
26 925 110 41-5 
15 1 039 137 52-5 
13 1 700 113 | 50 
38 1770 124-4 38-6 
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Moreover, since all engineering design is a matter of 
compromise it is necessary to consider whether other 
characteristics will be affected by the steepness of this 
slope. General indications point to a close relationship 
between viscosity and electrical conductivity, although, 


Viscosity, in centipoises 
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. Percentage of resin 


Fic. 12.—Oil No. 10 and resin. Variation of viscosity with 


resin content. 


Outer sheath 
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point. At this juncture it is necessary to discuss briefly 
the mathematical expression of viscosity/temperature 
curves. Since the days of Poiseuille, who may be 
termed the pioneer of viscosity, there have been many 
attempts to develop a general expression for such 
characteristics. Most-of these expressions are strictly 
limited in application, while others, although more 
general, are too cumbersome for ordinary work. 
Recently a simple law has been developed by Dunn* 
which appears to yield satisfactory results for homo- 
logous series. In complex substances such as heavy 
oils the application is not quite clear and the results 
obtained have not been so satisfactory. Following the 
work of Wienj on electrolytes, however, Dr. Black of 
the authors’ laboratory has adapted an expression 
derived by Slottej to meet the case of oils. In its 
simplest form the expression reads :— 


F, = A(t = a)? 
where F, = fluidity at temperature t° C., 


= reciprocal of viscosity at temperature t° C., 
and <A,aand p = constants for the oil. 


Viscosity, in poises 


30 
Temperature 


Fic. 13.—Transformer oil. 


A. Apparent viscosity calculated from ratio (air flow)/(oil flow) through 
cable dielectric (2 cases), 
B. Viscosity observed by U-tube method, 


12 papers 
12 + 


8 is 
Conductor 


, 1 


Internal sheath N°] 
te $“ N°2 


Fic. 14.—Preparation of cable ('* H” paper construction) length for testing. 


as will be evident later, such relationship is at present 
obscured by other factors operating. Of more import- 
ance in the present discussion is the manner in which a 
steep viscosity characteristic is obtained physically. 
While, no doubt, oils of different origin exhibit different 
slopes, there is little doubt that the steepest charac- 
teristics are obtained in practice by utilizing that portion 
of the oil characteristic which culminates in the set 


Applying this expression to the oils of Fig. 10 we 
obtain the constants of Table 2. 

In the last column of the table the set points obtained 
by the standard method are quoted for comparison. It 
will be observed that the definition of set point and 
of a are synonymous, i.e. they both express the point 
at which fluidity is zero. The values exhibited for a 


* See Bibliography, (16). + Ibid., (17). t Ibid., (18). 
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given oil are, however, widely divergent. If the a values 
be accepted as correct it is possible to calculate a 
theoretical viscosity characteristic down to the a tem- 


TABLE 2. 
oi Set point 
Number|  * j E 
°C, Cc. 
1 |— 3-1 1-264 x 10-7 2-82 + 55 | 
2 | — 16:36 1-652 x 10-19 | 4-04 + 29 
4 | — 34-03 7:023 x 1078 2-69 | — 11 
9 | — 9-68 4-605 x 10-9 3-40 + 1] 
10 | — 25-65 1-273 x 1078 3-04 — 5 
13 | — 10-04 4:876 x 1079 3-4 + 13 


perature, and the observed characteristic must depart 
at some temperature from this curve. This is illustrated 
for two oils in Fig. 16. Considering oil No. 9 it is at 
once evident that the thickening point of the density/tem- 
perature characteristic (Fig. 10), viz. 47° C., is also the 
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Power factor at 50 cycles per sec. 


2000 
Stress, in volts per mm 


Fic. 15.—M.I. Cable No. 24. Effect of drainage on power- 
factor/voltage characteristic. 


change point of the viscosity characteristic. This has 
been found to be the case for all the oils investigated. 
The set point determined by the standard method must 
therefore be reconsidered, since, as was pointed out 
earlier, these nominal values are taken after 30 minutes’ 
exposure to the cooling medium. It is therefore of 
interest to consider the variation of set point with time 
for an oil such as No. 9. Fig. 17 illustrates this. 


Analysis of this curve shows that the oil sets instanta- 
neously at — 9°C. (approx.), after 30 minutes at 
+ 11°C., and after infinite time at + 12°C. Similar 
curves may be constructed for the other oils of this type. 
The variation of set point with time suggests a cor- 
responding variation of viscosity with time, and this 
phenomenon is observable. Observations on the vis- 
cosity of oil No. 9 at 33” C. are given in Table 3. 


TABLE 3. 
Viscosity of Oil No. 9 at 33° C. 


630 centipoises 
<700 (unstable, in- 
creasing rapidly) 

765 centipoises 
915 centipoises 
1 445 centipoises 


Viscosity calculated (see Fig. 16) 

Viscosity observed on cooling 
rapidly from 55° C. 

Viscosity observed 24 hours later 

Viscosity observed 72 hours later 

Viscosity observed on original 
heating from 15° C. (see Fig. 16) 


Table 3 illustrates to a marked extent the physical 
mechanism of the cable phenomena attributed to rapid 
cooling (see Fig. 2, etc.). 

An experimental investigation of this phenomenon has 


800 


Viscosity, in centipoises 


400 


---—— Theoretical 
Observed 


40 
Temperature 
Fic. 16.—Theoretical and observed viscosity characteristics. 


been made by Glazebrook, Higgins and Parnell.* Dunstan 
and Tholej have also discussed possible explanations of 
the instability observed. 
Under purely thermal conditions we must therefore 
recognize three definite change points :— 
(i) The fundamental set point (a of Table 2) below 
which the oil cannot remain fluid. 


œ See Bibliography, (19). t Ibid., (20). 
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(11) The limiting value of the set-point/time charac- 
teristic (Fig. 17), which is also the point of zero 
fluidity on the observed’ fluidity/temperature 
characteristic. 

(iii) The thickening point at which the observed and 
theoretical fluidity temperature characteristics 
diverge and which marks the lower limit of the 
true fluid state (see Figs. 10 and 16). 


Experiments indicate that certain electrical charac- 
teristics are also unstable in the region between points 


(i) and (iii), exhibiting similar changes with time to | 


those described above for viscosity. It is not proposed 
to discuss the theory of these phenomena further at the 
present moment. Work at present in hand is expected 
to throw considerable light on the changes of structure 
responsible for these phenomena. 

It is obvious, however, that the practical effects are 
important. The really steep part of the measured 
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Fic. 17.—Variation of set point with time of exposure to 
cooling medium. 


viscosity characteristic lies between the thickening point 
[see (iii) above] and the limiting value of the set- 
pointftime characteristic [see (ii) above]. The intro- 
duction of this phase of the oil into the range of service, 
and therefore of impregnation, must be accompanied by 
physical instability and by greatly increased contraction 
effects. Both of these are undesirable. It would appear, 
too, that the effect of resin additions is to move those 
change points to higher temperatures, and therefore to 
bring the region of instability further into the working 
range. 

Certain oils exhibit what at first appear to be excep- 
tions to the above generalizations. In such cases 
thickening and setting occur in rapid succession within 
a few degrees, the change being accompanied by a sudden 
rise of density as the oil is cooled past the change point. 
A change point of this nature should not occur within 
the working range of temperature of the super-voltage 
cable, since, in addition to the deleterious effects noted 
above, impregnation must cease at the change point and 
the ionization characteristics of Fig. 1 will appear. Oil 


No. 1 belongs to this class and its characteristics are 
illustrated in Figs. 10, 11 and 13. 

Thermal vresistivity.—As was mentioned in an earlier 
section, the main thermal conductivity of an oil- 
impregnated cable is due to the presence of the oil. A 
study of Table 28 in the E.R.A. Report on “ The 
Permissible Current Loading of British Standard Impreg- 
nated Paper-Insulated Electric Cables,” * shows that 
the mean value of thermal resistivity K of the cables 
examined ranges from 420 to 1200 deg. C. per watt 
per cm8. In the experience of the authors, values 
ranging from 300 to 1 300 have been encountered. It 
is inconceivable that the variations of basic values of 
paper or oil should account for such divergencies. It is 
easily shown that occluded moisture will reduce the 
value of K to a marked extent, but even with extreme 
care in drying (when K for the unimpregnated core 
exceeds 3 000), values lying between 300 and 400 are 
obtainable. The solution of the problem of low thermal 
resistivity seems to lie in the complete filling of the 
cable, i.e. in the elimination of all air spaces and the 
provision of complete oil paths throughout. 

In a case observed by the authors the value of K rose 
from 350 to 520 after a series of eight heat-runs on a 
well-impregnated single-core cable. Evidently the same 
expansion effects which produce the ionization pheno- 
mena of Figs. 8 and 9 induce this change. The effect 
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Fic. 18.—Cable impregnated with compound of set point 
55°C. Variation of K with mean temperature of cable. 


is even more strikingly represented by Fig. 18, which 
shows the variation of K with the mean temperature 
of the cable. The cable in question was impregnated 
with a compound of set point 55° C. and could not be 
full below that temperature. As the compound ex- 
panded and filled the cable the resistivity fell. The 
high thermal resistivity of the voids is replaced by the 
lower thermal resistivity of the oil. 

Experiments on dried, unimpregnated paper appar- 
ently indicate that the thermal resistivity of paper is 
considerably higher than that of the oil. Beavert 
quotes untreated manila paper as having a value of 
K =1188. Similar tests in the authors’ laboratory on 
unimpregnated cable cores in the presence of dried air 
at atmospheric pressure resulted in values of the order 
of K = 16500 being obtained. Reduction of the air 
pressure to 1 mm of mercury raised this value to 
K = 3000. It was inconceivable that, if this were the 
true resistivity value of the paper, such cores on impreg- 
nation would exhibit values of K = 400 unless the 


* See Eibliography, (21). t Ibid., (22). 
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resistivity of the oil was of the order of K = 200. 
Preliminary experiments on oils alone suggested that 
such was the case, at least at 50°C. to 60°C. The 
resistivity of the oil appeared to fall considerably with 
rise of temperature in the manner illustrated by Beaver 
(loc. cit.). It was found, however, that such results 
were mainly due to convection, and an effort was 
therefore made to determine values based on conduction 
alone. Experiments were made using the apparatus 
Suggested by Lees* which is shown schematically in 
Fig. 19. In this apparatus the heat-flow through the 
thin oil film (the thickness may be varied) is from top 
to bottom, and check tests indicate that convection is 
negligible. A typical resistivity/temperature charac- 
teristic (oil No. 10) is shown in Fig. 20 (curve “ A”). 
All the mineral oils tested to date exhibit values within 
the range K = 550 to K = 700. 

These values suggest that the value previously 
assigned to paper is incorrect. Since paper is a 
difficult material to measure independently an experi- 
ment was carried out on the following lines :— 

Following the experiment of curve “A” (Fig. 20) 
several thicknesses of paper were dried and impregnated 
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Fic. 19.—Schematic arrangement of apparatus for thermal 
conductivity measurements. 


in the sample of oil from which the film of curve “ A” 
had been taken. These samples were floated in the 
film, the dimensions of which were left unchanged. The 
characteristics were then remeasured and the results 
illustrated in curve “ B ” (Fig. 20) obtained. 

It is obvious that the resistivity of the cellulose must 
be lower than that of the oil. The only possible explana- 
tion of results obtained on paper or on unimpregnated 
cores is that very poor contact is obtained between 
successive paper layers and between paper and the 
electrodes. The contacts are broken by air films of high 
resistivity (K for air = 4000) and high values are 
obtained. On impregnation these air films are replaced 
by oil films of lower resistivity (K for oil = 600 approx.). 
At the same time, the air paths in parallel (i.e. in 
capillary spaces) are replaced by oil paths. It is obvious 
that increase of cellulose density of the core, either by 
increase of density of the paper or by increase of tight- 
ness of lapping of the tapes, must tend to decrease the 
overall thermal resistivity. Curve ‘‘C”’ (Fig. 20) shows 
the effect produced by measuring the paper of curve “ B”’ 
(dried to an equivalent state and impregnated with the 
same oil) in the form of a cable core. 

The thermal resistivity of a cable dielectric therefore 
depends on the following five factors :— 


(1) Type of otl | employed.—The variations expe- 
rienced so far are not of great moment in 
comparison with other considerations. Resin 


* See Bibliography, (23). 


appears to raise the resistivity slightly. Resis- 
tivity apparently varies inversely as the density 
of the oil, and not directly with viscosity as 
suggested by Beaver (loc. cit.). 

(2) Type of paper employed.—Few data are avail- 
able yet on this. The effect of increased density 
has been referred to. 

(3) Degree of drying—Water has a low thermal 
resistivity (see Fig. 20). 

(4) Degree of impregnation.—See Fig. 18. 

(5) Tightness of lapping and the degree of contact 
within electrodes (i.e. copper core and metallized 
wrapping or lead sheath). 


There is also a slight indication that the value of K 


as calculated from the difference of temperature of core 
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Fic. 20,—Thermal resistivities (temperature characteristics). 


and sheath may decrease with increasing thickness of 
dielectric. 

In view of these factors it is not surprising that the 
range of values exhibited by various cables is large. 
There is apparently no reason, however, why a well- 
dried, well-constructed cable should not exhibit values 
appreciably lower than the standard value of K = 550, 
so long as the cable structure is such as to provide for 
the active dielectric remaining completely impregnated 
under all conditions. 


Electrical characteristics. 

Electric strength—It is probable that more experi- 
mental work has been done on this characteristic than 
on any other characteristic of an oil. Although many 
attempts have been made to determine the nature of 
the breakdown of an oil under electric stress, the number 
of factors affecting the result is so large that no generally 
acceptable conclusions have been reached. Summarizing 
briefly the published data we find that :— 

The breakdown values are extremely erratic so that 
even from a very large number of tests it is hardly 
possible to decide on a representative figure.* 

* See Bibliography, (24) and (25). 
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The breakdown values are so sensitive to the presence 
of foreign particles, particularly moisture, that the real 
breakdown value of the oil is completely masked.* 

The breakdown value is affected by the form of the 
electrodes used.j 

The breakdown value is a function of the time of 
application of the voltage.{ 

The breakdown value is affected by the frequency of 
the applied voltage. Oil has a much greater strength 
for high frequency than for steadily applied voltages. 
To use Peek’s phrase, it has a large “ dielectric spark 
lag.’’§ 

Whilst there are distinct differences between the 
phenomena in air and in oils, the latter also exhibit 
corona effects.|| 


Current, in microamperes 


05 1*5 25 3:5 
Time, in minutes 
Fic. 21.—Oil No. 41. Variation of direct current with time 
for different values of applied voltage and temperature. 


During long time tests at high stress, solid deteriora- 
tion products may be formed in the oil. 

The mechanism oí breakdown is different at low and 
at high temperatures. ** 

In view of all these variable factors it has not been 
possible in drafting B.S.S. No. 148 to fix more than a 
minimum value below which the electric strength of 
clean oil should not fall when tested under certain 
conditions. 

From a cable point of view oil is known to have 
greater electric strength in the form of thin films than 
in bulk, and tests with the usual electrodes would not 
therefore be a reliable guide for cable work. 

* See Bibliography, (26), (27), (28), (28), (30) and (31). 

d (34). I 
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«* Ibid., (39). 


No difficulty is experienced in obtaining a very wide 
range of oils to meet the minimum British Engineering 
Standard test, the electrical properties of some of these 
being quite unsuitable for cable work. The only con- 
clusion to be reached is that the electric strength is of 
minor importance in selecting an oil for cable impreg- 
nation. The electric strength requirements are covered 
with an ample margin of safety by any oil which satisfies 
the a.c. conductivity requirements described below. It 
does not, therefore, appear profitable to spend further 
time in discussing this characteristic. 

D.C, resistance.—There is a very large amount of 
published work in this field also and a very complete 
bibliography has been given in the report of the American 
National Research Council* on dielectric absorption 
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Resistance, in megohms 
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Fic. 22.—Oil No. 41. Variation of resistance with voltage 
(temperature 42-5* C.). 


which was issued in 1926. An excellent critical résumé 
of recent work on dielectrics has also been prepared by 
Mr. Hartshorn for the Electrical Research Association 
(Technical Report L/T14).f 

A study of the researches quoted in these reports, 
particularly those with regard to liquid dielectrics, is of 
great interest, but reveals the fact that the fundamental 
mechanism of dielectric absorption and conduction is 
still far from being clear. It.is claimed by several of 
the investigators quoted (e.g. Hertz and Muraoka) that 
in pure liquids absorption is absent. This may be the 
case, but insulating oils of the type met with in ordinary 
transformer and cable practice exhibit typical absorption 
curves even after intensive vacuum drying. Such 


* See Ribliography, (40). + lbid., (41). 
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characteristics are illustrated in Fig. 21. As can be 
seen, the absorption varies with temperature and with 
the applied voltage. The latter variation is of special 
interest, and is more fully illustrated in Fig. 22 where 
the apparent resistance at various time intervals is 
plotted against the applied voltage. These values are 
determined by the rate of fall of current (Fig. 21) and 
are therefore dependent on the apparent absorptive 
characteristics of the oil examined. The final resistance, 
being independent of absorption, as usually considered, 
has definitely different characteristics from the short- 
period values. The term “apparent absorption ” is 
used because it is not clear that the dying-away of the 
current is a function of the oil only. Hartshorn has 
suggested * that experience with solid dielectrics shows 
that contact resistances at the electrodes play a great 
part in absorption phenomena. Experimental work 
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may even decrease, and the change may be swamped 
by contact resistance effects. Fig. 23, which represents 
a test on a different quality of oil, actually shows an 
initial fall of resistance and subsequent rise with voltage. 
The readings were taken half a minute after switching 
on, since the effect is better shown for short periods. 
After each test the electrodes were short-circuited for a 
period (determined by trial) sufficient to eliminate 
residual effects from the previous test as far as possible. 
There is, however, in any method of this description a 
risk of residual charges affecting results, although these 
should cause a rise and not a fall of apparent resistance. 
Kasson has obtained similar effects on completed cables, 
the time of charge being 5 to. 8 minutes.* We shall 
have occasion to return to this point later in discussing 
a.c. Characteristics. Whatever the cause of the pheno- 
mena, it is certain that similar effects are transmitted 


Voltage 
_ Fic. 23.—Oil No. 9. Variation of apparent resistance (+ min.) with voltage. 


carried out by Dr. Black of the authors’ laboratory 
indicates that even with liquid dielectrics there is good 
evidence that contact resistance plays a large part also, 
though it does not seem to arise until voltage is applied, 
and the indications are that the true resistance of an 
oil would be measured only at zero voltage. The curves 
in Fig. 22 show also that the rate of increase of resistance 
with voltage is less for the shorter time intervals, 
especially at lower voltages, and it may be that the 
true resistance would also be measured for zero time 
intervals before a contact resistance has time to be 
built up at any voltage. 
fuller discussion here, but it is hoped to publish an 
account of the work at a later date. It will suffice to 
point. out here that there is no definite evidence from 
the tests available as to how the resistance of the oil 
itself changes with the voltage. It may be constant or 
* See Bibliography, (42). 


Space does not permit of a- 


to the finished cable by the impregnating fluid, though 
they are then modified by the behaviour of the other 
component of the dielectric. Several examples of cable 
time/current characteristics are given in Dunsheath's 
1925 paper,j while the variation of apparent resistance 
with voltage is shown in Fig. 24. 

It may be mentioned here that the continuous 
decrease of resistance with increase of stress mentioned 
by several investigators, e.g. Bruckman,{ has only been 
encountered in impregnated cables at stresses and under 
conditions which point to ionization of gaseous spaces. 
The effects produced are illustrated in Fig. 25. It has 
been suggested above that decrease of resistance with rise 
of voltage occurs in oils alone under certain circumstances 
(see Fig. 23), and this effect is also encountered in the case 
of fibrous materials containing appreciable moisture.$ 


t Ibid , (43). 


* See Bibliography, (71). § Ibid., (45). 
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Kasson also reports this for rubber cable.* Dried paper 
also exhibits a fall of resistance with increase of voltage. 
This is illustrated in Fig. 26. Unfortunately, in dealing 
with paper, experimental difficulties arise. As pointed 
out by Beaver in his book,j it is almost impossible to 
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Fic. 24 —M.I. Cable No. 105 (impregnated). Variation cf l 


resistance with voltage. 
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Fic. 25.—M.I. Cable No. 100. Variation of d.c. insulation 
resistance with voltage. Atmospheric temperature 
= 14°C. 


measure true paper characteristics, especially under 
high stresses, since the effect of the ambient air is always 
included. Reduction of air pressure by high vacua of 
course intensifies such effects to a marked degree. The 
curves of Fig. 23 are therefore partly due to air con- 
duction effects. This is further illustrated by the 


* See Bibliography, (71). + 1bid., (40). 


dotted curves, which were obtained by raising the 
pressure of the ambient atmosphere. From investiga- 
tions in a cable under pressure it is found that rise of 
resistance with increase of voltage is almost certainly an 
oil characteristic. Experimentally, too, difficulties arise 


I atmosphere 
3 atmospheres 


Resistance, in megohms x 10° 


Stress, in volts per mm 


Fic. 26.—M.I. Cable No. 110 (unimpregnated). Effect of 
gas pressure on variation of resistance with voltage. 
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Fic. 27.—Power factor (800 cycles'/temperature character- 
istics of various oils. 


in regard to sources of steady voltage of a sufficiently 
high order to enable the dielectric to be adequately 
stressed. For this purpose a high-tension battery of 
special design has been installed which enables tests to 
be carried above ionization stress in adequate thick- 
messes of dielectric. It is expected that with the 
facilities thus afforded rapid progress will be made with 
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investigations into the cable aspect of dielectric absorp- 
tion. 

A.C. characteristics —Whilst tests at high stress are 
of the utmost importance, it is also necessary to investi- 
gate separately and conjointly the components of the 
cable insulation. As pointed out above, paper charac- 
teristics are in most cases obscured by effects due to 
air. It is necessary, therefore, to devise research 
methods which reduce such effects to a minimum, that 
is to say methods involving low voltage. Also, it has 
been shown in Fig. 22 that the apparent d.c. resistance 
of oils varies enormously with time and voltage. It is 
impracticable to wait for the final steady values to be 
obtained, and in any case these are not proportional to 
the voltage but increase with the voltage. On the 
other hand, if the conventional 1-minute values are used, 
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Power factor at 800 cycles per sec. 


tests. Those at power frequencies were carried out with 
a Schering bridge. At the latter frequencies the arrange- 
ment of the circuit becomes of particular importance, 
-and the sources of possible error to which the tests made 
are specially liable are discussed in Appendix 2. 

Fig. 27 illustrates typical power-factor/temperature 
characteristics (at 800 cycles) for various oils as received 
from the supplier, except that in order to obtain con- 
sistent results all samples were subjected to thorough 
vacuum drying. It will be observed that considerable 
variation of values and of temperature coefficients 
exists among oils and compounds of the types used for 
cable work. It will be noted that two curves are given 
for oil No. 10. These are inserted to show the wide 
variations which are possible in new consignments of 
the same oil when the supplier is controlling his material 


50 
Temperature 


Fic. 28.—Power factor a cycles)/temperature characteristics of M.I. cables of same paper type, but impregnated 
with various oils. 


small errors in timing make serious errors in the results. 
The variations are least for short time intervals at low 
voltages, and, to secure these conditions in comparative 
tests, measurements have been made with low-voltage 
alternating current at audio frequencies. Suitable 
apparatus for accurate measurement of leakance and 
capacity was available, and the telephone receiver 
provides a sensitive detector. For comparison, tests have 


- been carried out at power frequencies where the absolute 


values are of importance. Since all the dielectrics tested 
have very small loss angles it is sufficiently accurate to 
take the power factor as G/(wC), where G = leakance, 


-w = 27 X frequency and C = capacity. This practice 


was also followed by Fleming and Dyke.* 
The apparatus used and methods of measurement 


employed are described in Appendix 1 for the Seer 


: * See Bibliography, (47). 


by chemical tests only or even by breakdown tests 
as well. 

The advantages gained Ey using:an oil of low loss 
vaiue and of minimum temperature coefficient are 
illustrated by Fig. 28 which shows the final charac- 
teristics obtained by impregnating a given paper type, 
dried to a constant degree of dryness, with various oils 
and compounds. Comparison of Figs. 27 and 28, how- 
ever, shows that the finished cable characteristic is not 
wholly due to the oil, but is decidedly modified by the 
paper. It is thus necessary to test the characteristic 
of the paper before impregnation. This is quite prac- 
ticable and the samples of Fig. 28 were controlled by 
power-factor measurements during drying until identical 
characteristics were obtained for each sample before 
impregnation. It is thus certain that the variations of 
characteristics exhibited are entirely due to the impreg- 
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nating medium. An obvious supplementary investiga- | swamped by those of the paper, and an inferior final 
tion is the effect of varying the type of paper and the | product obtained. The pronounced U curve exhibited 
degree of drying of the paper before impregnation by a | in Figs. 29 and 30 is of course an extreme case, but the 
fixed type of oil, preferably one of superior quality. | type in question is marketed as a cable paper and it is 
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Fic. 29.—Power factor (800 cycles)/temperature character- | Fic. 30.—Leakance/temperature characteristics of M.I. cables, 
istics of M.I. cables, impregnated and unimpregnated. impregnated and unimpregnated. 
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Fic. 31.—M.I. Cable No. 108. Power-factor/temperature characteristics of paper, oil and cable at various frequencies. 


Such effects are illustrated in Fig. 29. Since power- | difficult, if not impossible, to reduce the characteristic 
factor values alone may be somewhat misleading, | shown without causing serious permanent injury. It 
Fig. 30 illustrates the corresponding leakances. It is | should be noted that cables No. 18 (Fig. 28) and 44 
obvious that unless the paper is carefully chosen and | (Fig. 29) were both impregnated with that consignment 
exceedingly well dried the oil characteristics will be | of oil No. 10 the electrical characteristics of which are 
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illustrated by the lower curve of Fig. 27. Cable No. 38 
(Fig. 29) was impregnated with the consignment of the 
same oil which gave the higher curve in Fig. 27. 

An interesting phenomenon observed in connection 


Power factor at 800 cycles per sec. 


50 
Temperature 


Fig. 32.—Variation of power-factor/temperature character- 
istic with resin content. 


with power-factor measurements lends some support to 
the contact resistance theory. If an a.c. measurement 
is made immediately after the application of high d.c. 
voltage, the power factor is apparently lower than 
normal and gradually rises with time to a normal value. 
The recovery is of the order of 50 per cent in the first 
15 minutes. A possible explanation is that the d.c. 
voltage builds up a contact resistance which takes time 
to die away by leakance through the dielectric. For a 
time, therefore, the apparent resistance of the dielectric 
is higher than the true one, and the power factor is 
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Fic. 33.—Equivalent networks of capacities and resistances 
to represent cable characteristics. 


apparently lower. The action has the practical bearing 
that no a.c. measurements should be made immediately 
after an insulation-resistance test where d.c. voltage has 
been applied. 


VoL. 66. 


of general application, as is shown by Fig. 31. 


The effect of frequency was touched on above, and the 
final test of a paper-oil combination must of course be 
carried out under working conditions. Fig. 31 shows 
the characteristics of compound, paper and finished 
product at 25, 50 and 800 cycles per sec. Emanueli* 
has exhibited a series of such characteristics for com- 
pound and cable. He also mentioned that the addition 
of resin to the compound moved the minimum point to 
a higher temperature. This is illustrated in Fig. 32, 
where the power-factorftemperature characteristics of 
two compounds having the same oil base but different 
percentages of resin are shown. It will be observed that 
the effect of an increased percentage of resin is to move 
the minimum point to the right. 

From time to time investigators endeavour to express 
composite dielectric characteristics in terms of theoretical 
networks consisting of capacity and resistance units. 
Flemingj suggested that a network of the type shown 
in Fig. 33 (a) best represented the behaviour of the solid 
dielectrics which he and Dyke had tested. In the 
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Fic. 34.—Capacity (800 cycles)/temperature characteristics 
of various oils. 


discussion on the paper Russellf proposed to add a 
shunt resistance as an improvement. For impregnated 
paper Del Mar and Hanson§ found that the network 
shown in Fig. 33 (b) better represented the results, and 
Dunsheath|| proposed an infinite series of such networks 
as a further approximation. None of these networks is 
It can 
be deduced from the vector diagrams that the power 
factor of the whole must lie between the power factors 
of the separate components. At 800 cycles the resultant 
power factor is greater than either component and this 
is also true for 50 cycles below 40°C. Addenbrooke{ 
has also shown that such networks are not of general 
application. While doubtless it would be convenient to 
be able to foretell the final characteristics from the 
known characteristics of the components, experience of 
a wide range of oils and of papers has convinced the 


* See Bibliography, (48). Ibid., (49). t Ibid., (50). 
§ Ibid., (1). P dd T ibid, (3): q Ibid., (58): 
53 
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authors that the stage has not yet been reached which 
would enable a general law to be formulated. 

The specific inductive capacity of a cable in general 
rises very slightly with temperature. This is again a 
composite effect. The oil characteristic falls slightly 
with temperature, while the paper characteristic rises. 
The final distribution of oil and paper determines the 
composite effect. Typical capacity/temperature charac- 
teristics for oils are shown in Fig. 34. It will be observed 
that these resemble closely the density characteristics 
shown in Fig. 10. The gradual thickening effect of 
certain oils is, however, not reflected in the capacity 
characteristics, but the effect of a complete change of 
state is to change the slope of the curve, as shown by 
oil No. 1. The percentage fall of density with tem- 
perature is also greater than that of capacity. There 
is doubtless a close relationship between specific in- 
ductive capacity and density as has been pointed out 
by various writers,* but the exact connection is not yet 
clear. 

An exceedingly interesting characteristic of oils, and 
one on which there are little published data, is the 
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but, as in all cases the oils contained traces of moisture, 
it is doubtful whether they represent the actual behaviour 
of the oil alone. 

Emanueli, in the discussion on Dunsheath’s paper,* 
stated that in general all fluid and semi-fluid dielectrics 
show an increase of power factor with increase of voltage 
gradient, and that mineral oils show a maximum in the 
power factor which varies inversely with the temperature. 
He has also described the same tests in the paper referred 
to above,f where it is indicated that they were made by 
impregnating paper with the oil to be tested. 

Measurements have been made in the authors’ 
laboratory on oils only, using a 0-1 in. (thick) film and 
comparatively low stresses, and typical results are given 
for two of these in Table 4. 

It will be noted that in both cases the power factor 
rises with increased voltage, the rate of increase being 
greatest at low temperatures. 

Tests on finished cables usually show a slight rise of 
power factor with voltage at low temperatures, though 
over a wide range the change may be very small. As 
the temperature is raised the curve changes and at high 


TABLE 4. 
50 cycles 25 cycles 
Oil number Temperature 
1000 V 2 500 V Ratio 1 000 V 2 500 V Ratio 
o C. 
76 0-0442 0-0502 1-13 0-086 0-097 1-13 
16 50 0-0165 0:0212 1:28 0:0265 0:0351 1-325 
20 0-0105 0-0169 1-61 0.0372 0-059 1-585 
104 0-0514 0-055 1-07 0.105 0:115 1-095 
69 0-0091 0-0100 1-10 -0-018 0:0197 1-095 
38 50 0: 0023 0:0027 1-17 0:0045 0:00515 1:145 
37 0- 00085 0-0011 1-29 0-0016 0- 0020 1-25 
20 0-0006 0-0008 1-33 0-00085 0-0011 1-295 


change of power factor with voltage. Several authorst 
have published tests made by impregnating paper with 
the compound studied, and not on the compound alone. 
The latter proceeding is desirable to avoid the oil effects 
being masked by changes due to the other component 
of the dielectric, but the experimental difficulties in 
carrying the tests to appreciably high stresses are 
considerable. At low temperatures the power factor is 
very small and the sensitivity low. The temperature 
coefficient of resistance of oil is very high, and slight 
variations of temperature will mask smaller changes of 
power factor with voltage. A high degree of tempera- 


ture control is therefore necessary, but this is difficult . 


if a sufficiently large bulk is employed to give great 
sensitivity. Traces of moisture and other foreign 
matter are liable to cause irregular results just as in the 
case of electric strength tests, and therefore it is necessary 
to take the utmost care in cleaning the oil and subjecting 
it to vacuum-drying before a series of tests. 

Shradert has published some tests in which he finds 
that beyond a certain stress the power factor rises with 
increase of stress. His results show a minimum point, 


* See Bibliography, (54), (55) and (66). f Zbid.,(57). $ Ibid., (58). 


temperatures tends to droop, showing a fall of power 
factor with voltage. 

The variations are apparently due to the interaction 
of several factors all affected by changes of tempera- 
ture :— 


(1) The intrinsic resistance of the oil, which may 
remain constant or may fall with increase of 
voltage, but the behaviour of which is masked 
by (3) below. This also falls with increase of 
temperature. 

(2) The intrinsic resistance of the paper, which 
apparently falls slightly with increase of voltage 
though it is difficult to disentangle the effects 
from those of the surrounding air. 

(3) The contact resistance, which increases with 
voltage, requires time to come into play and is 
therefore less marked as the frequency is raised. 
This rises with temperature. 


It is quite possible, therefore, for different observers 
to get appreciably different results according to the 
conditions and materials employed. From a practical 

* See Bibliography, (48). t Ibid., (11). 
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point of view the main point of interest is that at the 
stresses normally employed, and even appreciably above 
them, it is possible by choice of suitable materials 
and treatment to maintain the power factor almost 
constant. 

Deterioration.—It has already been pointed out that 
consignments of oil from the same supplier at different 
periods show markedly different power-factor/tempera- 
ture characteristics (see oil No. 10, Fig. 27). 


120 


Power factor at 800 cycles per sec. 
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Fic. 35.—Change of power factor with time ae deterioration. 


Changes in oil characteristics with time may arise 
from :— 


(1) Oxidation when exposed to air or due to air 
occluded in the dielectric. 

(2) Instability of the chemical structure of the oil 
itself. | 

(3) Change of structure under electrical stress. 


Oxidation.—It is known that transformer and switch- 
gear oils are subject to oxidation after heating in contact 
with air,* and as oils may be heated during handling in 
storage it was thought that the changes might be due 
to a similar oxidizing effect. . 

Fig. 35 indicates the changes in 800-cycle power factor 

* See Bibliography, (59) and (60). 
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measured at both. 80° C. and 100°C. at various times 
after heating at 100° C. in contact with air at atmo- 
spheric pressure. In order that the measurements 
might be strictly comparative the oil was dried for a 
short period under vacuum before each measurement, 
the cycle of operation being indicated in the upper part of 
the diagram. Direct-current leakance values measured 
l minute after voltage application are also shown for 
comparison. It will be noted that within the period of 


D.Ç.Leakance, in micromhos 


160 240 280 


Experiments on oil No. 10. 


heating the: rate of deterioration is approximately 
uniform. 

The physical and dhemicat characteristics of the oil 
after heating for 500 hours are shown in Table 5. The 
small changes observed, compared with large power- 
factor changes, indicate the extreme sensitiveness of 
the latter method. The physical changes are within 
commercial variations of supplies. 

The characteristics at various stages of the process 
are shown in Fig. 36. That these changes are primarily 
due to oxidation is indicated by check tests in vacuo. 
When heavy oils such as are considered here are heated 
in vacuo under otherwise similar conditions, no 
measurable change is noticed within 300 hours, even at 
temperatures up to 200°C. Tests carried out for other 
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purposes, in which much longer periods of heating were 
involved, have suggested that a slow change of charac- 
teristic occurs even then, but until further tests have 
been carried out it is impossible to say definitely that 
the change is due to causes other than oxidation. i 


connected with accurate d.c. measurements. For this 
reason it has been suggested by one of the present 
authors that on account of its great sensitivity a 
test of the rate of change of power factor might be 
substituted for the present sludging test in trans- 


TABLE 5. 
Before heating After heating Percentage change 

Viscosity (centipoises) at 15° C. .. T ii 998 951 — 465 
Viscosity (centipoises) at 85° C. 42-6 41-25 — 3:17 
Density, grammes/cm® at 15° C. 0- 887 0-8875 + 0:05 
Specific inductive capacity at 100° C. 2:195 2-22 + 11 
Refractive index a T k 1:4963 , 1-4961 — 00l 
Total acidity expressed as % H 0: 00008 % 0-00015 % + 87-5 
Water soluble expressed as % H. 0-000028 % 0-000032 % + 14-5 
Power factor at 100° C. de HA is 0-0055 0-0334 + 507 
Sludge .. se i site ps ais T — Trace — 


A test quoted in the Electrical Research Association 
Report on Chemical and Physical Properties of Insu- 
lating Oils* gave no change in a sample of transformer 
oil heated to 150° C. for 14000 hours. This was pre- 
sumably a test for sludge formation, and does not 
exclude possible change of power factor. It does con- 


0-030 


former work, particularly since the test could be 
made at the working temperature instead of at 120° C. 
The rate of deterioration falls off at lower temperatures, 
but within the working range there is no temperature 
at which it can definitely be said to cease. It is not, 
of course, suggested that the power factor is of import- 
ance in transformer oils, but only that it affords a 
sensitive comparative test. 

It is of interest to note that the quality of an oil as 
determined by the test of change of power factor agrees 
better with the German sludging test (tar test) than 
with the British sludging test. Fig. 37 illustrates this 
point. Oil No. 40 would be classified as a second-class 
oil in England and a first-class oil in Germany, and oil 
No. 41 vice versa. The change of power factor at the 
temperature considered (75° C.) is greater for the oil 
which would be classified as superior on the British 
sludging test. 

Fig. 38 shows comparative deterioration tests on a 
series of oils as received from the suppliers. In all cases 
some deterioration may have taken place before receipt 
and it is not possible to say that all samples start from 
the same stage of purity. The chart does, however, 
make it possible to separate good oils from bad with 
some certainty. 

The objection may be raised that the test has no 
practical application, since a cable is sealed by a lead 
sheath. It is true, of course, that a completed cable is 
not exposed to air, except in so far as imperfect impreg- 
nation may have left traces of air in the dielectric. In 
the factory, however, it is probable that the hot com- 
pound will be exposed to air for short periods, and a 
compound which is little subject to oxidation is desirable 
if uniform results are to be obtained. From the finished 
cable point of view, the less the rate of deterioration 
the greater the probability of obtaining uniform supplies 
from the refiners. It has also been noticed that those 
oils having slow rates of deterioration do not form the 
“cheese ” compound when tested by the methods 
described by Farmer.* 
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Fic. 36.—Power-factor/temperature characteristics 
various periods of deterioration of oil No. 10. 


after 


firm, however, that changes in vacuo are “almost 
negligible. i 

The phenomenon is analogous to sludging in trans- 
former oils, but the change of power factor is very 
marked long before any precipitation of sludge occurs 
and also before any méasurable change in physical 
characteristics, e.g. viscosity, occurs. It was suggested 
by Digby and Mellis in 19101 that the specific resistance 
of an oil is one of the best indications of its purity. 
The tests shown in Fig. 35 support this, but, as pre- 
viously pointed out, there are considerable difficulties 


* See Bibliography, (61). t Ibid., (62). * See Bibliography, (38). 
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The rate of sludging in transformer oils is known to | in the oil no change was observed after prolonged 
be accelerated by the presence of certain substances | exposure to stresses up to 600 volts per mil, i.e. up to 
which have a catalytic action. The standard sludging | 6 or 7 times the stresses actually employed in cables. 
test is, for example, carried out with copper foil immersed ! The inference is that no change occurs unless corona 
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Fic. 37.—Deterioration of oils Nos. 40 and 41. Variation of power factor at 800 cycles with temperature. 


in the oil. The majority of the tests described above 
have been carried out by heating the oil in a gunmetal 
container, but tests have also been made in a glass 
container without the test condenser immersed during 
heating. Small differences of the order of 2 to 4 per 
cent are obtained in the rates of deterioration. Weiss* 
has suggested recently that the type of glass used may 
have influence, but this has not yet been checked. 

Fig. 39 shows the comparative tests at different 
frequencies before and after equal periods of deteriora- 
tion. The effect of oxidation on the power factor is 
much more marked at the lower frequencies. 

Instability —It has already been mentioned in dealing 
with check tests on oxidation that no measurable change 
is, in general, observed when cable oils are heated for 
long periods out of contact with oxygen, and it is 
generally agreed that these oils are extremely stable 
from a chemical standpoint. The physical instability 
over a certain temperature range has been referred to 
in dealing with viscosity, etc. This type of instability 
apparently induces corresponding electrical effects which 
in certain cases may be confused with deterioration of 
the oxidation type. As mentioned previously, work on 
such effects is not sufficiently advanced to permit of 
inclusion in this paper. The subject is of scientific 
rather than of practical interest, since the earlier part 
of this paper shows clearly that physical instability 
should be avoided for other reasons. discharge takes place in gas pockets in the oil. Tests 

Effect of electrical stress.—Tests have been carried out | made by the American General Electric Co. and quoted 
in the authors’ laboratory by the methods described by | by Clark* support this view, suggesting that wax (or 
Farmer.j So long as there were no gas bubbles present | “ cheese ”) formation is an effect and not a cause. 
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Fic. 38.—Variation of power factor (800 cycles at 100°C.) 
with duration of heating for various oils. 


* See Bibliography , (63). + Ibid., (38). % See Bibliography, (64). 
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The change of structure of oil exposed to a streamer 
discharge out of the presence of air has also been 
described by Willman.* Rodmanf also states that the 
effect of an electrical field upon oil is of no consequence ; 


Power factor 


60 
Temperature 


which emphasizes the importance of obtaining a 
dielectric which remains free from gas pockets under 
all conditions of operation.* 


Reconditioning—The question next arises as to 
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Fic. 39.—Deterioration of oil No. 1 after 95 hours at 92°C. in air, 


Power factor at 800 cycles per sec. 


Temperature 
Fic. 40.—Purification experiments on oil No. 1. 


Curve A.—Oil No. 1 (new). 
»» B.—Deteriorated sample. 
», C.—-Sample after mechanical purification (filter and centrifugal). 
», D.—Sample after chemical treatment (two methods). 


“even drastic high frequency up to 10% cycles and over 
100 000 volts produces no deleterious effects upon the 
oil.” There does not seem to be any satisfactory evidence 
that changes take place under high electrical stress only, 


* See Bibliography, (65). t Ibid., (3). 


whether the deteriorated oil can be restored to its 
original condition. It is known, for example, that the 
breakdown value of transformer oil which has sludged 
or absorbed moisture can be restored by filtration or 
centrifuging methods. Tests were therefore made to 
determine whether the power factor of the deteriorated 
oil could also be restored by such methods. In order 
that no question of inexperience in handling the plant 
might arise, not only were tests carried out in the 
laboratory, but samples were sent to the suppliers of 
each type of cleaning plant for their own treatment. 

Fig. 40 shows the power-factor/temperature curve of 
new and deteriorated oil, and also similar curves for the 
oil after various cleaning processes. Curve “ A ” is for 
the oil as received; curve “ B” is for the oil after 
deterioration ; curve “ C ” is for the oil after treatment 
by the usual centrifugal and filtration methods; and 
curve “ D ” is for the oil after treatment by the suppliers 
by chemical methods. 

It will be noticed that in all cases the improvement is 
relatively small, probably corresponding only to the 
removal of various solid products similar to transformer 
oil sludge. The fact that very little improvement has 
been obtained by mechanical methods suggests that 
there are other oxidation products than the sludge, 
which remain in solution in the oil and are not affected 
by mechanical treatment. It is not clear why they are 
apparently unaffected also by chemical treatment. 

Proposals have been made from time to time to add 
various substances to the oil to prevent oxidation. The 
effect of these is difficult to determine, since suppliers 


* See Bibliography, (64). 


AA TA oy 


e HIGH-VOLTAGE CABLES. 827 


are reluctant to supply samples of the untreated oil for 
comparison. Such treated oils as have been tested have 
not given better results or even as good results as have 
been obtained with certain untreated oils. On the other 
hand, the de-oxidants may have appreciably reduced 
the rate of deterioration of the oil to which they have 
been added. Such methods. appear, however, to be 
intrinsically undesirable, since, while they' may slow 
down the rate of oxidation, they may themselves 
increase the power factor of the oil. The general aim 
in improving the dielectric characteristics of a material 
is to reduce its heterogeneity rather than to increase it. 

It is possible that the deterioration, although occurring 
only when the oil is exposed to air, is not directly due 
to oxidation but to other chemical changes for which 
the oxidized fraction acts as a catalyst, and this might 
partly account for the failure of chemical treatment to 
improve matters. 

The differences in characteristics are probably closely 
related to the treatment of the oil by the supplier during 
the refining process, but no satisfactory explanation of 
the nature of the changes occurring has yet been given. 

This paper is only concerned with the electrical 
characteristics, but recent papers before the Institution 
of Mechanical Engineers* indicate that the question of 
oxidation is not settled from the lubrication point of 
view, although work has been in progress'on that side 
much longer than on the electrical qualities. 

There is room for useful research along these lines on 
the part of the oil refiners. Several are known to have 
experimental work in hand, and two at least are already 
willing to guarantee definite electrical tests. 


CONCLUSIONS. 


The results obtained appear to indicate that the 
physical requirements outlined in the first section of 
this paper are essential if a well-impregnated cable is 
to be constructed. The disadvantages of the petrolatum 
type of oil, in which thickening or actual setting occur 
in the working range, have also been demonstrated. 

It has been shown that the power-factor/temperature 
characteristic of the oil is of importance not only in 
relation to the actual value of dielectric losses exhibited 
by the cable, but also as an index of the state of chemical 
and physical stability of the oil. 

It has also been emphasized that the elimination of 
gas pockets in the dielectric is of vital importance, not 
only as preventing burning and oil oxidation but for 
obtaining low thermal resistivity. To use a cable 
structure such that this end is secured is one of the 
major factors in avoiding breakdown in service. 

Suggestions have occasionally been made that cable 
makers are not carrying out sufficient research into the 
problems arising out of the use of cables for increasingly 
high voltages. Although in this country they do not 
perhaps publish their results quite so freely as do cable 
makers in America, nevertheless a considerable amount 
of useful work is being done and our knowledge of the 
behaviour of the dielectric is continually increasing. 
Although a cable is apparently a very simple structure, 
it has been indicated in the paper that there are suff- 
ciently complex problems to elucidate in connection 
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with one component only, to keep research workers busy 
for some time to come. 

The thanks of the authors are due to Messrs. Standard 
Telephones and Cables, Ltd., for permission to publish 
the results contained in the paper. 


APPENDIX 1. 
METHODS OF MEASUREMENT (ELECTRICAL). 


(1) Cable samples.—The type of cable sample used 
has been illustrated in Fig. 14 and requires little com- 
ment. In order to carry out drying, impregnation, and 
the majority of the tests involved, a special form of 
tank was designed. This form of tank admits of 
vacua down to 1 mm of mercury or, alternatively, 
positive pressures up to 6 atmospheres. The tank is 
fitted with external electrical heating, and electrical 
resistance thermometers inside the tank permit of 


Fic. 41.—Schematic arrangement of audio-frequency bridge. 


accurate temperature measurement and control. Inter- 
changeable terminals are fitted so that it is possible 
to carry out low-voltage measurements, high-voltage 
measurements, or thermal measurements. In the latter 
heavy circulating currents may be passed through the 
core. The terminals are so designed that, apart from 
pressure conditions external to the sample, negative or 
positive gas pressure may be applied to the strand of the 
core itself. 

(2) Oil measurements.—The majority of the oil 
measurements quoted in the paper were taken on a 
plate condenser immersed in the oil. The plates were 
placed vertically in order to minimize the formation of 
air pockets or bubbles. The container for this condenser 
forms part of the guard ring, thereby eliminating certain 
sources of loss. The container is enclosed in an outer 
vessel designed to provide gas pressure facilities of the type 
indicated for the tanks above. This vessel is electrically 
heated and contains an oil bath (a further quantity of 
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the oil under test being used for this purpose) sur- 
rounding the condenser container. Temperature control 
and measurement are by distance thermometers of the 
resistance type. By a suitable arrangement it is possible 
after measurement to release the oil into the impreg- 
nating tank without breaking the vacuum. 

(3) Bridge circutts.—Measurements at low frequencies 
and at high voltages were taken by the Schering bridge* 
with a very sensitive vibration galvanometer as indi- 
cator. Audio-frequency measurements were taken on 
a bridge of the type shown schematically in Fig. 41. 
The sample under test is shown on the right, the main 
plates being connected between bridge corners C and D 
and the guard ring on either A or C, so that by alternate 
readings its capacity and leakance may be eliminated. 
The bridge is simultaneously balanced for capacity and 
leakance (which are 90° out of phase with euch other) 
by the condenser X and the adjustable resistances Y, Y. 
The bridge was shielded in a suitable manner in order 
to eliminate capacity effects incidental to such circuits. 


APPENDIX 2. 


TERMINAL EFFECTS. 


In all measurements of samples of oil or of short 
samples of cable, effects occurring at the termination 
of the electrodes are liable to constitute a considerable 
percentage of the values measured. Special precautions 
have therefore to be taken to eliminate or minimize 
such effects. 
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Fic. 42.—Variation of power factor with guard-ring spacing. 


The ordinary effect due to distortion of the electro- 
static field may be eliminated by the provision of a 
guard ring at the same potential as the adjacent sheath. 
The elimination of the involved leakage effects may be 
carried out in several ways. In the Schering bridge the 
guard rings may be at earth potential and the Wagner 
earthing device employed.t A similar device is sug- 
gested by Whitehead and Hamburger.} 

In the bridge circuit illustrated in Fig. 41 elimination 

* See Bibliography, (67). t Ibid., (68) and 69). 1 1bi2., (70). 
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is possible if two measurements are taken, one with the 
guard ring on the “ C” side of the bridge, the other 
with the guard ring on the “ A ” side. 

Such methods do not, however, eliminate all the 
effects produced. If the guard ring be at earth potential 
and the adjacent electrode at slightly higher potential, 
e.g. in the ordinary Schering bridge circuit if the guard 
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Fic. 43.—Power factor of core with various wire spacings. 


rings be taken straight to earth—a circuit often em- 
ployed—the power factor observed is dependent on the 
distance between guard ring and sheath and on the 
voltage employed. This is illustrated in Fig. 42. It 
will be seen from this figure that a variation of power 
factor with voltage may be induced in this way which 


Power factor 


~—-—-—True power factor——~—-—— a 


O Surface leakance —=> 00 


Fic. 44.—Variation of observed power factor with leakance 
between guard ring and sheath. 


is not characteristic of the dielectric under considera- 
tion. It might be imagined that‘the raising of the 
guard-ring potential to that of the sheath would totally 
eliminate this characteristic, but this is not the case. 
If the cable sheath be replaced by a spiral wire it is 
found that if the surface leakance on the dielectric be 
of a moderate value the power factor of the cable sample 
changes with the spacing of the wire, the voltage and 
the frequency. This is illustrated in Fig. 43. The 
power factor obtained also varies with the value of the 
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surface leakance, as shown diagrammatically in Fig. 44. 
Iwo methods of elimination or minimization suggest 
themselves, viz. 


(a) Reduction of the surface leakance to zero. 
(b) Increase of the surface leakance to a very high 
value. 


The latter is not practical, so that the former has 
been used in the investigations quoted in the main 
paper. By the use of samples of sufficient size, and 
by the careful arrangement of the guard rings under oil 
so that the surface leakance is maintained at an exceed- 
ingly low value, this effect may be rendered negligible. 

It should be noted that the effect is closely allied to 
tangential effects in certain types of cable. Moreover, 
if the surface leakance varies with time, as may occur 
under purely atmospheric conditions, a change of power 
factor with time will be observed. So far as the authors 
are aware this effect has not been discussed elsewhere, 
and it serves to point once again the difficulty of obtaining 
measurements which reflect only the dielectric charac- 
teristics of the material under investigation. 
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DISCUSSION BEFORE THE INSTITUTION, 23RD FEBRUARY, 1928. 


Mr. G. H. Nash: In my opinion the most important 
matter in the paper is the reference to a method for the 
control of both the drying and the impregnating pro- 
cesses of cable manufacture whefeby the degree of 
moisture in the cable during the drying process may be 
accurately and continuously determined, thus enabling 
the process to be operated until the exact and desired 
condition is reached; and similarly during impregna- 
tion an accurate determination, moment by moment, of 
the degree of oil penetration and the removal of the air 
and gases, ending with a reliable indication when 
impregnation saturation has been reached. I hope 
that the authors will describe the matter more fully. 
The next point of interest is the ‘‘ power factor ” method 


Power factor 
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involves a low-viscosity impregnating medium, but this 
is not the case. In my process a single sheet only has 
to be impregnated instead of large masses, and therefore 
great latitude is permissible with regard to physical 
properties, and it seems clear from a general survey 
of the paper that if low-viscosity oil is not necessary for 
perfect impregnation, many of the conditions upon 
which the authors have expended very valuable work 
would not arise. I have to join issue on one or two 
points relating to the alleged creation of voids in paper 
insulation by expansion and contraction effects. The 
two sets of curves in Fig. A show the results obtained 
with two different cables, one of which was impregnated 
according to the process I have referred to, with a 
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Fic. A.—Temperature-cycle tests on 33 kV, 0-15 sq. in. 3-core cables connected 
in series (equal thermal resistances). 


(a) 3-core belted type, diatrine-impregnated. 


of oil measurement. Table 5 brings out vividly the 
sensitiveness of this method and it would seem that, 
quite apart from its use as an indication of oil suitability 
for cable impregnation purposes, it might with advantage 
be used as an indication for transformer oil. The sludge 
test used in the past is very difficult, and this way 
promises a much easier and more certain method. The 
time has passed when the sale of oil to the electrical 
industry can be based on the experimental work of the 
past. The oil industry should combine with the elec- 
trical industry to do their best to give us oil which is 
suitable for our purpose. We are not so much con- 
cerned with lubrication as we are with some of the 
other properties of oil. 

Mr. C. J. Beaver : The idea conveyed by the paper 
is that there is only one method of impregnation avail- 
able for making paper-insulated cables, and that this 


(b) H type, oil-impregnated by vacuum process. 


compound which is solid well above the ordinary 
atmospheric temperature, the other, according to the 
method generally indicated in the paper, with a low- 
viscosity type of oil. The two cables, which were 
factory lengths made in different works, were connected 
in series and heated up with current. They were then 
allowed to cool and their power-factor/voltage charac- 
teristics were measured. The effects due to four cycles . 
of heating and cooling of 24 hours each are shown. It 
will be seen that in the case of the cable impregnated 
with the highly viscous material there has been very 
little change in the power-factorfvoltage characteristic. 
In the case of the other cable the succeeding heat 
cycles have detrimentally affected not only the power- 
voltage/factor characteristic but also the ionization 
point. Such alterations are undoubtedly due to the 
movement of the low-viscosity impregnating medium 
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during the heating period, and to the consequent facility 
afforded for originally occluded air and gases to aggre- 
gate into forms more susceptible to ionization—thicker 
films and larger globules—whereas in the case of the 
more solid medium the cycles of heating and cooling 
may be repeated indefinitely without appreciable effect 
on power-factor/voltage characteristics. This is further 
illustrated in Fig. B, which refers to a random factory 
length of belted-type cable of the same make as that 
to which the upper part of Fig. A relates. In this case 
the temperature cycles were repeated day by day 
for 8 weeks, the power-factor/voltage characteristic 
being determined after complete cooling at the week- 
end. The upper part of Fig. B shows these character- 
istic curves and illustrates the great stability of the 
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Fic. B.—Temperature-cycle tests on 33 kV, 0-15 sq. in. 
belted-type cable. 


(2) Power-factor/voltage characteristics taken when cable had cooled for 
48 hours at end of 1, 2, 5 and 8 weeks. Cable subjected to 5 Ag weekly. 

(b) Power-factorfvoltage characteristics before and after cable had been 
wound over from one drum to another 6 times. 


dielectric under conditions which represent very closely 
those of. full daily loading. The curves in the lower 
part of Fig. B relate to an attempt to produce voids 
mechanically in the manner which is frequently stated 
to be favourable to the formation of voids, i.e. by dis- 
tortion of the lead sheath in relation to the body of the 
cable. This was done as a preliminary to the tempera- 
turefcycle tests of Fig. B, and consisted in winding the 
cable over from one drum to another six times and 
plotting the power-factor/voltage characteristic before 
and after these operations. It will be seen that the 
effect was negligible. The next point at issue relates 
to the statement very definitely made by the authors on 
page 809—and it is a very widely accepted statement— 
that when a cable is heated ‘‘ the compound expands and 
distends the lead. After cooling, the lead does not 
return to its original dimensions and, as the compound 


contracts, voids are formed in the cable,” etc. In 
Fig. C is represented diagrammatically an apparatus 
whereby this effect can be measured. It consists of a 
vertical iron pipe in which a 6-ft. length of cable is 
placed. The iron pipe, fitted with band-type electrical 
heaters, is filled with oil and connected to the oil-level 
indicator (shown on the right) which is open to 
atmosphere. The cable is sealed at the bottom end 
and a connection is made from an extension of the top 
end of the lead sheath to a central-zero pressure and 
vacuum gauge. This simple apparatus was originally 
part of a larger one, designed to cope with eventualities 
that did not transpiré, but as it produced some very 
useful and illuminating results, and as its indications 
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Fic. C.—Apparatus for observing physical behaviour of 
cable under the action of temperature cycles. 


admit of little scope for argument, I have retained it for 
demonstration purposes. As constructed, 0-1 in. on 
the oil-level indicator represents 0:0001 in. variation in 
the diameter of the cable. The modus operandi is to 
heat the pipe and its contents—cable and oil—by means 
of the band-type heaters to a predetermined tempera- 
ture, indicated by a thermometer sealed to the pipe. 
During the first two or three 24-hour heating and cooling 
cycles, any air which may have entered the cable during 
the sealing and fitting operations is expelled to the top 
and may be replaced by hot oil through the gauge tube. 
This may be repeated after a few more cycles until there 
is no doubt as to the cable being full of oil and free from 
air, Thereafter, cycles of heating and cooling of any 
desired duration may be carried out, the criterion as to 
permanent distension of the lead sheath of the cable 
being, of course, the constancy of return of the oil- 
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level in the indicator to the datum line. The difference 
between the coefficients of expansion of the pipe and of 
the oil is so appreciable that the oil-level rises by about 
7-4 in. during the heating period, and there is an incre- 
ment due to the expansion of the cable. It will be clear, 
however, that if the oil-level constantly returns on 
cooling to the datum line in the graduated tube, no 
increase in the volume of the cable sample and therefore 
no permanent distension of the lead sheath of the cable 
can have occurred. Fig. D shows the data relating to 
heating and cooling cycles of daily and weekly fre- 
quency in the case of a belted-type cable made with 
highly viscous compound by the process to which I 
have referred. For simplicity the preliminary heat- 
runs for the purpose of establishing proper air-free 
conditions in the cable are not shown. The upper and 
lower points of the serrated line indicate maximum and 
minimum internal pressures in the cable. The lower 
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the type of dielectric to which I have been referring to 
enable the engineers of a large group of South African 
gold mines to decide on the installation of cables made 
on this principle for power transmission at 20 kV down 
their deep, vertical shafts, displacing existing 2 000-volt 
cables and dispensing with transformers at the bank. 
The significance of this lies in the fact that the limiting 
factor as regards voltage hitherto has been, primarily, 
this “‘ bleeding ” or drainage question, which has necessi- 
tated preliminary draining out, during manufacture, of 
all free oil from the dielectric, in order to prevent the 
setting up of a hydrostatic head, and consequent risk 
of bursting the lead sheathing. This draining opera- 
tion naturally entails a large air content in the cable, 
and puts a low limit on the permissible electric stress 
in the dielectric, but it has never been necessary to 
employ it in the make of cable to which my remarks this 
evening have referred; and to-day, in conjunction with 
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Fic. D.—Temperature-cycle tests on 33 kV, 0-15 sq. in. belted-type 3-core cable. 


(approximately straight) line indicates the pipe tempera- 
ture after cooling, i.e. the ambient-air temperature, and 
the next higher line the corresponding readings on the 
oil-level indicator. The uppermost line represents 
the latter readings corrected (for oil expansion) to the 
datum temperature of 70°F. It will be seen that the 
latter—the criterion line—is constant, within the limits of 
experimental error, throughout the whole series of daily 
and weekly temperature cycles represented by the 
graphical record. In other words, the cable sample has 
returned after each cycle to its original dimensions, and 
there has been no permanent distension of the lead 
sheath. It may be noted that the net effects 
produced by the experimental conditions are more 
severe than those of actual practice. The interna] 
pressure conditions are substantially the same, while 
the lead-sheath temperature is appreciably higher. The 
average maximum temperature of the whole cable is also 
greater by about 40 deg. F. than is usually allowed in 
practice. One other aspect of this general matter which 


_ calls for remark is that touched on by the authors on 


page 811, where they say: “ A further practical effect 
related to viscosity is that of drainage from the cable 
dielectric during handling or jointing, or in hilly country 
during service.” This difficulty is sufficiently remote in 


improvements which the evolution of the super-tension 
cable has produced, the physical—as well as electrical 
—requirements of vertical runs of high-voltage cables 
can be complied with. It must, however, be remembered 
that, as I said in my opening remarks, this can only be 
accomplished by means other than those the authors 
appear to have taken into account. 

Mr. P. Dunsheath: On pages 810 and 811 the authors 
refer to the disadvantage of the use of resin. For 
instance, on page 810 they say: ‘‘ If it is remembered 
that the flow in a capillary tube is inversely proportional 
to the viscosity it will be appreciated that impregna- 
tion of the dielectric is made more difficult by the addi- 
tion of resin.” Then again, on page 811 they say: 
“In resin mixtures, as indicated by Beaver, dialysis 
will also occur, leading to non-uniformity of the com- 
pound composition across the dielectric.” They have 
stated in the paper in several places that it is an advan- 
tage from the point of view of the use of the cable in 
service to employ a ccmpound which has a high vis- 
cosity. They have shown that that high viscosity can 
be obtained in one of two ways, either by using a high- 
viscosity mineral oil or by adding resin to a low-viscosity 
oil. It seems to me that what they imply in the first 
quotation is that it is a disadvantage to get the viscosity 
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by adding resin. This is not true and I think that, in 
their reply, the authors should make it quite clear that 
they are not decrying resin. One hears a great deal 
about dialysis from time to time. I should like the 
authors to say definitely whether they have found a 
cable in which dialysis is occurring, and at the same 
time by either electrical or other tests have been able 
to prove it is a bad cable and therefore that dialysis is 
bad. The paper refers a good deal to the variation of 
set point with cooling. As a basis let us take Fig. 17. 
It will be seen from that figure that if the time of cooling 
of a compound be increased from $ min. to 50 minutes 
the set point of that compound is changed from — 10° C. 
to about + 12°C. They imply in many places in the 
paper that the variation of set point with rate of cooling 
is a very important factor, presumably because when a 
cable is undergoing impregnation this set point prevents 
the oil from getting into the cable. I submit that in 
making any sort of ordinary cable, as distinct from a 
sample of the kind shown on the table, the time of 
impregnation does not come into the question at all, 
because all the variations in the set point from — 10°C. 
to + 10°C. take place in the first 5 minutes and after 
that time the variation in the set point is not more than 
2 deg. C. I hope the authors will agree with me that 
the power factors given in Figs. 1 and 3 are not what 
one would expect to find in commercial cables, and I 
think that they are so high as to invalidate the con- 
clusions drawn from them for application to commercial 
cables. Fig. 41 shows adiagram of connections of the 
bridge employed by the authors for determining the loss 
in the cable samples, but as the method of use is not 
given the diagram is valueless. Perhaps the authors 
will describe the apparatus in their reply to the dis- 
cussion. The paper deals solely with the question of 
insulating oils and in this respect is valuable, but of 
course the quality of an impregnated cable does not by 
any means depend upon the quality of the oil alone. 
Even if the very best oil is-used, it is possible to produce 
a cable which will fail in service. Of course, one could 
not produce a good cable with a bad oil, but it certainly 
would be possible to produce a bad cable with a good 
oil, and it is important to bear that in mind in gewing 
any general conclusions from the paper. 

Mr. P. V. Hunter : One point which has not been 
Teferred to in the course of the discussion and which 


1 should like to correct is the implication that the 


selection of oils by measuring their power factor is a 
new idea. It has, to my knowledge, been the common 
practice of cable makers in this country for about 20 
years. I can quite confirm the authors’ table in which 
they point out so clearly that oils which are otherwise 
generally similar do exhibit a very wide variation of power 
factor. My own opinion is that, for cable work, measure- 
ment of the power factor of the oil is of the utmost 
importance. The authors point out that it is difficult 
to explain why apparently similar consignments of oil 
from the same supplier frequently exhibit such different 
properties as regards power factor. I do not think 
that the explanations so far given go to the root of the 
matter. I think it will be found that the question is 
connected to some extent with the relation between 
the market for residuals and the market for petrol. In 
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other words, the refiners vary their process depending 
upon the prices that they can obtain for their various 
products. They are also guilty of the very reprehensible 
practice of mixing different crude oils in one pipe-line, 
with the result that oils coming from a particular re- 
finery vary from month to month, depending on the 
proportions of the various crude oils received. 

Prof. J. T. MacGregor-Morris: I should like to 
put forward a plea for a further study of what power 
factor actually means. I think the term power factor 
is now being used in a way which really covers up 
fundamentals. What is supremely important to my 
mind is to discover the physical process by means of 
which the energy is lost in the dielectric. 

Mr. P.M. Baker : I should like to refer to the ques- 
tion of ‘‘ permanent set” in lead cable-sheaths which 
was mentioned by Mr. Beaver. He remarked that the 
permanent set observed in practice is always in the 
longitudinal direction. I have always assumed that 
the reason for fractures occurring in wiped joints on 
cables is that the copper expands more than the lead, 
and that such fractures are not actually due to hydro- 
static pressure, i.e. the fractures so often noticed are 
due to the difference in the linear coefficient of expansion 
of the copper cores and the lead sheaths. That there is 
variable internal pressure in the cable is evidenced by 
the fact that the compound in boxes moves, and a 
little further explanation of the paragraph in the paper 
which deals with the coefficient of expansion of the oil 
would, I suggest, be of value. 

Lieut.-Col. K. Edgcumbe: I should be very glad 
if the authors would give, in their reply, a definition of 
the expression ‘‘ thermal ohm,” as I have not previously 
met with it. Some such term would seem to be wanted, 
if only to make it clear whether thermal conductivity or 
thermal resistivity is intended. But I am not sure 
whether it is wise to choose a name which is already 
so closely connected with electrical resistance. 

Mr. E. A. Beavis (communicated): The authors have 
referred to an experiment that I described some years 
ago, the results of which presented somewhat of an 
enigma at that time. Their suggestions put forward 
to account for the phenomena are very convincing and, 
I think, must be accepted as the correct explanation. 
It is pointed out that some of the oils tested, although 
satisfactory as regards breakdown, were not so in the 
matter of conductivity, but that all oils which are right 
in the latter respect also prove to be up to the required 
preakdown standard. In view of this the authors have 
ignored all question of electric strength or comparisons 
of breakdown in their further investigations on the 
varions oils. Although this elimination has no doubt 
simplified the work to a great extent and has in no way 
detracted from the value of their results, it is to my 
mind rather unwise as a general principle to leave such 
an important factor out of all consideration. The 
difficulties of getting representative breakdown figures 
has been observed, but comparative tests can be carried 


out with reasonable accuracy. The variable factors 


that have been put forward in respect to this matter 
merely server to indicate that the B.E. S.A. specified 
test for oils is of no material value for cable work. Most 
cable makers have their own particular ideas on this 
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subject that are the result of long experience and the 
accumulated data of numerous experimental investiga- 
tions. Our knowledge at present is verv limited with 
regard to dielectric breakdown; we do not know exactly 
what part of the electric strength of oil plays in the actual 
phenomena of cable breakdown, of whatever type this 
may be. Admittedly the electric strength of oil- 
impregnated paper is very high and does not seem to 
bear much relation to the working stress of any cable, 
which is apparently more concerned with the question 
of ionization of occluded air, etc. The design must, 
however, in some way be connected with this relation, 
and, for cables of still higher voltages in the future and 
for which the working stress must inevitably increase, the 
matter will assume still greater importance. In this con- 
nection let us consider two distinct oils both good for 
general impregnating purposes, one of which, however, 
has greater breakdown vultage and at the same time 
somewhat higher power factor than the other. Which 
of these oils will result in the better cable? Presumably 
the authors would select the one of lower power factor 
as having the more suitable characteristics. Yet if we 
carry the idea a step further and imagine an oil of 
enormous electric strength, other qualities being suitable, 
such an oil would surely have manifold advantages from 
the cable makers’ point of view. Power factor is with- 
out doubt an important characteristic; for some time 
it has been recognized as a definite determination of 
the presence of ionization in cables, and now it is suc- 
cessfully put forward as a measurement of quality and 
deterioration in oils. The quantitative measure of power 
factor as apart from the qualitative value mentioned 
above is, however, rather a different thing, and from 
being entirely ignored a few years back it has now become 
somewhat of an obsession even for cables hardly in the 
super-tension range. For transmission voltages up to 
33 kV the dielectric loss in cables of modern design is 
barely an integral part of the general cable loss—in a 
33-kV cable it may be of the order of 3 per cent or less 
of the copper loss at the maximum working temperature, 
which is not a matter of very great concern. lf, however, 
as in some instances, the dielectric loss has a definite 
tendency to limit the temperature factor, then this 
percentage is not a true indication of its effects. In this 
respect an impregnating compound of low power factor 
that thereby admitted of a much higher cable working 
temperature would possess decided advantages. With 
cables for 66 kV and over the matter is differently placed: 
dielectric loss must necessarily become a deciding factor 
of the greatest importance, and hence the use of low- 
power-factor oils in impregnation becomes practically 
essential. A single oil offers many advantages for 
impregnation purposes as it naturallv lessens the amount 
of preliminary testing in the raw-material stage and 
must inevitably give more uniform products. Unfor- 
tunately it is not always possible to find one that com- 
bines all the necessary qualities, and the search for such 
an ideal material must result in prolonged research 
on the lines adopted by the authors. Even when the 
perfect oil is discovered it may not always be possible 
to make use of it commercially, on account of expense. 
In cable manufacture it is usually found that the best 
materials are almost invariably the most expensive, 


and so the matter usually results in a compromise to 
obtain the most suitable materials to give general 
all-round satisfaction, especially from the economic 
standpoint. The question of testing during drying 
and impregnation, whereby definite control of the final 
products has been attained, has been referred to. Tests 
of this nature have been carried out from the very 
earliest days of cable making in order to ascertain the 
required impregnation data as a necessary accompanl- 
ment to proper manufacture. Naturally in the first 
instance these tests were taken with direct current, but 
of later years a.c. tests have been recognized as affording 
more reliable results. A reference is made to these 
methods by Del Mar and Hanson in their paper on 
“ High-Voltage Impregnated Paper Cables ”;* in this 
case capacity and dielectric-loss measurements. were 
made at 60 cycles. The advent of the screened cable 
has added greatly to the value and effectiveness of the 
results to be obtained in this manner. The employment ~ 
of telephone frequencies by the authors for their tests 
of this nature is something of an innovation and increases. 
the simplicity and accuracy of the apparatus to a great 
extent. 

Mr. M. Hóchstádter (communicated): Many points 
mentioned in the paper have been thoroughly investi- 
gated in other cable factories but have not been made 
public. The principles contained in the paper for 
judging oils and compounds are, so far as the cable 
maker is concerned, not so important as they are 
from a scientific point of view, because it is the practical 
side of the question that counts with the cable maker, 
namely, which are the best oils and compounds. As 
a matter of fact, the principles given in the paper from 
the authors’ own research as well as those cited from 
other sources are fairly complete, and I wish to raise 
only.some points of minor importance. At the top of 
col. 2 of page 818 the authors say: ‘‘ From investigations 
in a cable under pressure it is found that rise of resist- 
ance with increase of voltage is almost certainly an oil 
characteristic.” On the same subject, viz. the question 
of whether the power factor increases or decreases with 
the voltage, on page 822 they say: ** Emanueli, in the 
discussion on Dunsheath’s paper, stated that in general 
all fluid and semi-fluid dielectrics show an increase of 
power factor with increase of voltage gradient,” and 
“ It will be noted that in both cases the power factor 
rises with increased voltage, the rate of increase being 
greatest at low temperatures. . . . Tests on finished 
cables usually show a slight rise of power factor with 
voltage at low temperatures.” These remarks seem to 
me to be somewhat contradictory, the more so if it is 
considered that, especially at the higher temperatures, 
it is known that the a.c. power factor and the d.c. 
leakance coincide, which is also confirmed by the authors” 
Fig. 35. I have found generally that in well-manu- 
factured cables in which there is practically no ioniza- 
tion in and outside the dielectric—for instance in 
well-manufactured H-type cables—the power factor 
when plotted against the voltage gives either a 
horizontal line or a very slightly rising straight line. In 
the same passage the authors add: “ at high tempera- 
tures [the curve] tends to droop, showing a fall of power 
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factor with voltage,” but I have never noticed this droop 
in the power factor of good-quality cables except at very 
high stresses in cables which were not perfectly impreg- 
nated. I have found that the power-factor characteristic, 
as a function of the voltage, is a slightly rising and nearly 
straight line for oils and compounds of good quality. We 
see therefore that a slightly rising power factor in good 
cables may well be due to the same cause as in the case 
of the impregnating medium and that, therefore, it is not 
always true to say that such a slight rise of power factor 
must be due to imperfect drying and impregnating of the 
cable. On page 822 the authors say: ‘‘ Several authors 
have published tests made by impregnating paper with 
the compound studied, and not on the compound alone. 
The latter proceeding is desirable to avoid the oil effects 
being masked by changes due to the other component 
of the dielectric, but the experimental difficulties in 
carrying the tests to appreciably high stresses are con- 
siderable.” This remark does not seem to convey to the 
reader quite the right impression about the investiga- 
tions made in the past on oils and compounds alone. 
I believe that most of the important cable makers have 
for a number of years made such systematic investiga- 
tions on the qualities of their impregnating compounds. 
Probably the greater part of these investigations has 
been made and is still being made with an apparatus 
differing from that referred to by the authors, viz. by 
the apparatus described by Dr. H. W. Birnbaum.* 
The same may be said about the tests for deterioration 
of the oils and compounds when exposed to prolonged 
heating. Such tests have, I believe, been systematically 
carried out for a long time by many cable-making 
firms as one of the means for judging and selecting their 
impregnating materials. On page 824 the authors 
say: ‘‘ It has also been noticed that those oils having slow 
rates of deterioration do not form the ‘ cheese ’ compound 
when tested by the methods described by Farmer.” I 
agree that the formation of ‘‘cheese’’ may have been found 
for some compounds to bear some relation to the de- 
terioration which they show when exposed to prolonged 
heating, if the cheesing test is made according to the 
method described by Farmer. I very much doubt, how- 
ever, whether this holds good when the cheesing test is 
made in vacuum. From the records of many tests made 


* Elektrotechnische Zeitschrift, 1924, vol. 45, p. 229. 


in the latter way 1 have found that practically all the 
oils and compounds investigated produce “‘ cheese” under 
electric discharge in vacuum, and that they do so more 
or less independently of the amount of deterioration 
which they would show when subjected to prolonged 
heating under atmospheric pressure. It seems, there- 
fore, that electric discharges in a fairly high vacuum are 
specially likely to give rise to the formation of ‘‘ cheese ”” 
and the accompanying production of gases. Therefore 
a cable that was well impregnated and stable in service 
would not show “‘ cheese ” formation. This has been con- 
firmed by tests on cables and may also explain why 
we in Europe have had so much less cause for complaint 
about “‘ cheese ” formation than has been the case in the 
United States. I would suggest that this may be due 
to the extensive use made of petrolatum as an im- 
pregnating material in the United States, which material 
has always been considered with distrust in Europe for 
the reasons described by the authors. 

I should like to comment briefly on Mr. Beaver's 
remarks in the discussion. Mr. Beaver maintains that 
by his special manufacturing process, in which the paper 
tapes are impregnated before application, he can make 
a belted-type cable which will give as good a stability 
test as an H-type cable. In his belief that high-tension 
cables can be satisfactorily made on the same basis as 
low-tension cables he stands practically alone amongst 
cable engineers, and the results shown in his figures 
are not normal for the belted type. Contrary to the 
results shown in these figures, practically perfect 
stability up to high temperatures is quite typical for 
H-type cables, and it would easily be possible to prove 
this to Mr. Beaver, not only from the results of one 
firm but from identical results obtained by nearly all the 
cable makers manufacturing H-type cable. Mr. Beaver's 
remarks about expansion are similarly in conflict witb 
the general belief. They are also quite contradictory 
to the results of tests of which I have heard and 
some of which are contained in an article in the Revue 
Générale de l Electricité (1927, vol. 22, p. 1175) entitled: 
“ Sur la Stabilité en Service des Cables Souterrains pour 
Transmission d'Energie.” 


[The authors’ reply to this discussion will be found 
on page 837.] 
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Dr. A. C. Michie: The deleterious effects of voids in 
the cable dielectric are now generally recognized and 
the authors have discussed very fully the characteristics 
which the impregnating oil should possess if this danger 
is to be avoided. They have stressed the importance 
of the oil not having a definite set point within the 
working range of temperature. This appears to be 
very important, not only on account of the solid choking 
the capillary passages and leading to the formation of 
voids on the subsequent cooling and contraction of the 
oil, but also on account of the fact that the high set 
points are usually due to the presence of solid paraffins 
in the oil. These, on changing from the liquid to the 
solid state, give rise to a very considerable contraction 


—something of the order of 12 per cent. The authors 
point out that changes in the oil characteristics with 
time may arise from oxidation during the period when 
the oil is exposed to the air or to air occluded in the 
dielectric. They might also have added the air dissolved 
in the oil. I have found mineral oils to contain dissolved 
air to an extent varying from 6 to 14 per cent of the 
volume of the oil. Complete removal of the air from 
the oil in the impregnating tanks is a matter of difficulty 
and, in any case, air would be taken up during the process 
of passing the cable to the lead press. When mineral 
oil is heated in the presence of air a complicated series 
of chemical reactions takes place, whereby solids may 
be formed, e.g. the so-called ‘‘cheese’’ in cables or sludge 
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in transformers, also many liquid oxidation products 
including water and various aldehydes and acids, the 
nature and amount of these products depending both 
on the type of oil and the conditions under which 
oxidation takes place. It is suggested that the increase 
in power factor with time of heating might be sub- 
stituted for the present sludging test for transformer 
oils. The increase in power factor certainly does give 
an indication of the rate at which certain changes take 
place in the oil—changes which have been shown to 
be of great importance from the cable point of view— 
but I do not think it follows at all that these changes are 
a measure of the tendency of the oil to form sludge 
deposits. The increase in dielectric losses is in all 
probability associated with the formation, through 
oxidation, of traces of water and acids, and the fact 
that the quality of an oil as determined by the test 
of change of power factor does not agree so well with the 
British sludging test as the German tar test, which is 
really a test for acidity, would appear to confirm 
this. 

Mr. R. W. Gregory: One can see clearly from this 
paper the advantages of compound with a low set point, 
the advantages of rapid cooling after impregnating the 
cable, and the advantages in every way of complete 
impregnation. I gather, too, that the authors do not 
favour the addition of resin to the mineral oil used for 
impregnation. A few years ago when low power factor 
was considered to be the criterion of a good cableit became 


‘almost a fashion to use pure mineral oil for impregnation. 


The failure of such cables in service resulted in a return 
to the resinated compound. Among other things it 
was felt that the resin made the compound keep in 
position, but whether the resin cables are better than the 
mineral oil cables because of the use of resin, because 
of other changes in the design, or because of the strict 
loading limitations it is fashionable now to put on the 
use of these cables, I cannot say. I gather that the 
authors feel that, other things being equal, resin does 
not improve the behaviour of super-tension cables. I 
am glad to see that they have mentioned the most 
important cause of breakdown .of so many well-built 
cables, namely, the expansion of the compound when 
heated and the resultant permanent stretching of the 
lead sheath. Figs. 8 and 9 show this very clearly and 
from this one can say that, however good the compound, 
unless certain precautions are taken to prevent the 
formation of “expansion ” voids in the regions of elec- 
trical stress the cable will fail in service. It is this lead- 
sheath expansion that limits the temperature range 
through which a cable can be worked, and prevents the 
general use of large-section belted-type 3-phase cables 
at pressures above 22 kV. The authors do not mention 
the fact that the size of the void formed by the stretching 


of the lead is proportional to the square of the diameter 
of the lead sheath. To my mind it is this fact that 
accounts for the unreliability of heavy-conductor 3-phase 
33-kV cables as compared with small-conductor cables 


which are built and laid in the same way and operate 


satisfactorily at this voltage. On a given range of 
belted cables the reliability of the cable varies inversely 
as dt, where ¢ is the temperature range through which 
the cable operates and dis the diameter of the lead sheath. 
The authors refer to 60° C. as being a normal conductor 
temperature in service. It is so perhaps at 20 kV, but 
is it at 33 kV and over? Cable makers both in this 
country and on the Continent are now very conservative 
in their figures of maximum temperature and I doubt 
whether any of them would agree to 60° C. on a 33-kV 
cable. At the present time manufacturers of super- 
tension cables tend towards a maximum temperature- 
range of 25 deg. C., which in practice means a maximum 
temperature of 40°C. It also means that a 33-kV cable 
will carry little more than a 20-kV cable of the same 
section. I should like to ask the authors whether in 
their opinion a wider range than 25 deg.C. is possible 
with the materials and compounds at their disposal. 
The importance now attached to temperature on under- 
ground cables undoubtedly means that temperature 
indication and not simple current indication is necessary 
if the best use is to be made of the plant. One of the 
most interesting properties of the 132-kV oil-duct cable 
laid in New York and Chicago is that its temperature 
range is very much the same as that of a transformer 
—the upper limit being 85°C. and the lower limit 
being the temperature at which the oil ceases to flow 
freely through the duct. If the ordinary cable is re- 
stricted to a temperature range of 25 deg. C. it is a 
question whether the oil-duct system is not the right 
one for cables of voltages much lower than 132 kV, 
particularly when large amounts of power have to be 
transmitted. 

Mr. H. V. Field: I should be glad if the authors 
would give their views on the subject of impregnation 
of the paper before or after application to the conductor. 
Impregnating the paper before wrapping, and then 
wrapping on under oil, would seem to give a more 
thorough impregnation and less possibility of voids 
than impregnation after wrapping, and, in view of the 
trouble caused by such voids, should give a better cable. 
The possible deterioration of the oil during handling 
and exposure to atmosphere when heated in the wrapping 
bath seems to be the main disadvantage. One firm 
using this method claims to be able to manufacture 
satisfactory belted-type cables for pressures of the order 
of 40 to 45 kV. What is the composition of the oil 
used in the 132-kV oil-filled cable in New York; and has 
it any appreciable wax or resin content? 


THE AUTHORS’ REPLIES TO THE DISCUSSIONS AT LONDON AND NEWCASTLE. 


Messrs. T. N. Riley and T. R. Scott (in reply): 
Mr. Nash asks for a fuller description of the method of 
controlling the drying and impregnating process during 
manufacture, and Mr. Beavis also mentions the same 
point. Attempts have frequently been made to control 


VoL. 66. 


drying by measurements of d.c. insulation resistance, but 
these were not commercially successful because the 
readings are extremely sensitive to temperature varia- 
tion and because high absorption causes them to vary 
rapidly with time so that they are too erratic for guidance. 
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Further, it is not practicable to check impregnation by 
such means. Measurements of power factor at operating 
frequencies, such as were carried out on small samples by 
Del Mar and Hanson in the paper to which Mr. Beavis 


refers, are inconvenient as a guide because at impreg-- 


nating temperatures the curve connecting power factor 
and temperature is very steep with such frequencies and 
consequently it is difficult to get consistent readings. 
For this reason we have found it most satisfactory to 
make the control measurements at audio frequencies ; 
this has the additional advantage that a telephone 
receiver can be used as a simple and sensitive detector 
on the bridge. 

Typical curves for the variation of capacity, leakance 
and power factor during drying and impregnation are 
shown in Fig. E. The capacity and leakance both fall 
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off rapidly during drying until a practically constant 
value is obtained. This constant value is lower, the 
higher the vacuum which can be applied, and it is known 


from experience that if a sufficiently low value of the: 


leakance is obtained initially and the characteristics of 
the oil are good, satisfactory characteristics can be 


obtained with certainty on the finished cable. On - 


admission of the compound both capacity and leakance 
rise rapidly, and completion of impregnation is indicated 
by the capacity becoming constant. During cooling the 
leakance and capacity remain almost constant. 

Mr. Beaver has apparently misread the paper, as we 
do not advocate a low-viscosity impregnating medium, 
but, on the contrary, a viscosity as high as is practicable, 
provided that the compound has no set point within the 
working range of temperature. The use of an unsuitable 
oil having a set point within the working range partly 
accounts for the unsatisfactory results which he has 
obtained in the H-type cable, the characteristics of which 
are given in his Fig. A. The viscosity curve in the same 


figure indicates that the oil has a set point about 110° F. 
This diagram also illustrates that the dielectric losses 
with the diatrine-impregnated cable are practically 
double those of the H-type cable at the operating voltage, 
even with the unsatisfactory compound used for the 
latter. 

Mr. Beaver claims that impregnating the paper before 
application to the cable gives a greater latitude with 
regard to physical properties, and Mr. Field also refers to 
the same point. We cannot agree with this point of 
view, for the following reasons. If the paper is impreg- 
nated before application, the compound must be such 
that it is either sufficiently fluid to prevent the layers of 
paper sticking together on the rolls or, as preferred by 
Mr. Beaver, set sufficiently hard to secure the same end. 
This very definitely fixes the physical properties which 
can be allowed. Again, by this method the paper is 
exposed to the atmosphere after impregnation and is 
liable to absorb moisture which cannot be removed 
subsequently by drying. The application of the im- 
pregnated paper to the conductor in a bath of compound 
also involves increased manufacturing difficulties over 
the more generally accepted process, and, although Mr. 
Beaver may overcome these by his technical skill, it 
cannot be so easy to produce a satisfactory cable by such 
means. 

Mr. Beaver's tests for the expansion of the lead sheath 
are of particular interest since the results he obtains are 
contrary to those quoted by the majority of other 


workers. The thermal expansion of the lead sheath in 


his test sample will provide only about 14 cubic inches 
additional space when the sample is heated to the maxi- 
mum temperature. In the dielectric the compound will 
occupy about one-half the volume and there will also be 
a certain amount of compound in the interstices of the 
stranded core. The expansion of this through the same 
temperature range would increase the volume by about 
64 cubic inches with the normal compounds employed ; 
but, assuming that diatrine has only half the normal 
coefficient of expansion, there is still an appreciable 
increase of volume unaccounted for, and this increase 
must produce pressures higher than the 8 lb. per square 
inch registered in Fig. D. Also, on cooling, how is a 
vacuum of 7 inches produced if there has been no per- 
manent stretch of the lead ? Although, therefore, we 
do not wish to suggest that Mr. Beaver has not taken 
every possible precaution in carrying out the experi- 
ments, we feel that there must be an explanation for 
the results other than that which he has put forward. 

Mr. Dunsheath asks whether we regard a compound 
having a high viscosity obtained by the addition of resin 
as making a worse cable than one having a high viscosity 
without such addition. The answer is *“ Yes,” since 
resin does not in itself confer any advantages, and it is 
obviously better to use an oil which has the required 
qualities than to patch up a poor oil by the addition of a 
percentage of another material which involves a further 
manufacturing complication to maintain. The break- 
downs to which Mr. Gregory refers, for which the absence 
of resin was blamed, were probably due to quite other 
causes, probably to the absence of the single-core or 
metallized-sheath structure which is now becoming 
general practice for high voltages. 
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Mr. Dunsheath also refers to the variation of set point 
with rate of cooling. This, of course, is not important, 
except in determining the set point. What is important 
in the process of impregnation is that the set point should 
be outside the normal working temperature. 

Mr. Dunsheath suggests that the power factors shown 
in Figs. 1 and 3 are not such as would be obtained in 
commercial cables. This is hardly true of sample No. 18 
in Fig. 1 which has a perfectly satisfactory character- 
istic. The other curves were introduced to illustrate the 
unsatisfactory results of using compounds with higher 
set point. As regards Fig. 3, we agree that such charac- 
teristics do not appear when the proper compounds and 
methods of impregnation are used. The curves refer to 
a compound having the relatively high set point and 
unsatisfactory power-factor/temperature characteristic 
which was at one time in common use. 

The description of the bridge referred to in Appendix 1 
has been somewhat amplified for the Journal, and it is 
hoped that the method of use will now be easily followed. 

Mr. Hunter suggests that the selection of oils by 
measuring power factor has been common practice for 
about 20 years. It may be true that measurements of 
power factor on finished cables impregnated with the oil 
samples were beginning to be made at that time, but this 
is rather a different matter from tests carried out on the 
oils alone, as the oil characteristics would be obscured by 


those of the other materials used and by their method of ' 


treatment during manufacture. Even on complete cable 
lengths it was only just before the War that reliable 
methods of measuring such characteristics on complete 
cable lengths were evolved, and tests sufficiently sensitive 
to measure power factor of high-quality oils alone are of 
quite recent development. His explanation for the 
differences between consignments of oil from the same 
supplier may be correct, but oil suppliers are now begin- 
ning to take an interest in the electrical characteristics of 
their oils, which they might have done 20 years ago had 
the results to which Mr. Hunter refers been published, 
and an improvement in this respect may be expected in 
the future. 

We agree with Prof. MacGregor-Morris that we require 
a much better understanding than at present exists on 
the physical process by which energy is lost in the dielec- 
tric, and some work on the mechanism of conductivity in 
dielectrics is being carried on by our own company. This 
is a matter on which the independent research worker 
could render considerable assistance. It is, however, a 
slow and complicated research which may take several 
years to produce effective results, and the university 
research worker is somewhat inclined to select work 
which is more immediately productive rather than that 
which is of the greatest fundamental importance. 

We are not clear as to what is the doubtful point in 
connection with the coefficient of expansion of the oil 
which Mr. Baker desires to have settled. The expansion 
of the oil will effect a radial distention of the lead sheath 
only, and is not directly connected with the differential 
longitudinal expansion of the copper and lead which 
creates the fractures in wiped joints to which he refers. 

In answer to Col. Edgcumbe, we are not able to trace 
that the term “ thermal ohm ” has received any official 
sanction, but it has been used by several authors and 
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there does seem to be a need for a unit which expresses 
the resistance of a material to the flow of heat. In the 
paper the material is said to have a resistance of 1 thermal 
ohm if a difference of temperature of 1 deg. C. between 
opposite faces of a cubic centimetre of the material 
causes a flow of heat at the rate of 1 watt. E 

Some of Mr. Beavis's points have already been referred 
to. He pleads for the retention of electric strength in 
the consideration of suitable oils, and to emphasize his 
point imagines a material of normal power factor but 
exceptionally great breakdown voltage. Until the 
theory oí breakdown is better understood it is impossible 
to say whether electric strength can be entirely dis- 
sociated from electric conductance. It has been common 
experience in cable operation during the last few years 
that cables survived very high-voltage tests in the 
factory yet broke down in service at lower voltages, and 
it does not seem, therefore, that engineers would be 
justified in seeking for high electric strength as the- 
primary requirement. 

Mr. Hochstádter comments on an apparent contra- 
diction between the rise of resistance with voltage and 
the rise of power factor with voltage. It was pointed out 
in the paper that the marked rise of d.c. resistance with 
voltage is apparently a contact effect and is less for short 
time-intervals. If the variation of d.c. resistance with 
voltage could be measured for time intervals as short as 
those of a half wave of alternating current it is quite 
possible that the results would be considerably modified. 
In this connection we would refer him to the discussion 
of this point at the foot of col. 2 of page 822. The test 
methods of Dr. Birnbaum are, in our Opinion, unsatis- 
factory. No guard ring was used up to 25 kV, and the 
compound under test was exposed to air and heated at 
120° C. for a long time in order to remove moisture. Not 
only is any other method than vacuum drying unreliable 
for removing all traces of moisture, but the heating in 
air will cause the oil to deteriorate so that the measure- 
ments are not in any way a fair representation of its 
initial state. 

We are glad to have Dr. Michie’s support as to the 
necessity of avoiding an oil of too high a set point and 
also in removing dissolved air or gas to the greatest 
possible extent by proper vacuum drying. If the cable 
is lead-covered while yet immersed in oil, as is the prac- 
tice of our own firm, the risk of taking up additional air 


is reduced to a minimum. Mr. Gregory points out that 


the size of the void formed by the stretching of the lead 
is proportional to the square of the diameter of the lead 
sheath. This assumes that the temperature is the same 
across the whole cable section in both cases and that 
the expansion produces a single-void in one location 
only. With normal temperature gradients and metal- 
lized-sheath structure this is not valid. It may account 
for the unreliability of heavy-conductor 3-core belted 
cables, but cannot be applied, for example, to a com- 
parison of 3-core H and S.L. cables, since in the former 
case any void formed is in the filling between cores not 
under stress, whereas in the latter it must be in the 
working dielectric. | 

The reference to 60° C. as a normal temperature was 
merely in illustration of drainage conditions in general 
and was not intended as a recommendation for the 
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operating temperature of a high-voltage cable. In our 
opinion an upper limit of 50°C. is a better method of 
expressing limiting conditions than a range of 25 deg. C. 
With the latter method of expression the upper limit of 
loading in summer when the ground is at 18° C. would 
take the cable to 43° C., while in winter it might fall on 
no load to the ground temperature of 4° C., thus making 
the real range of operation 39 deg. C. instead of the 
nominal 25 deg. C. 

As regards the type of cable to be used, there appears 
to be a tendency to lay too much emphasis on the tem- 
perature to which a cable can be safely heated as a 
measure of its efficiency. Surely it is rather the load 
which it will safely carry in which the supply engineer is 
primarily interested. Safe operation may conceivably 
be attained in either of two ways: (1) the use of a re- 
latively small copper section arranged in hollow form, so 
that although the cable runs hot it can be kept in service 


by oil feed ; or (2) use of a larger copper section, so that 
the cable on the same load never attains a temperature 
necessitating oil-feed precautions. 

In reply to Mr. Field, it has been stated by Mr. 
Emanueli * that the oil used in the New York 132 000- 
volt cable was “ a mineral oil a little more viscous than 
that used for transformers.” It is not stated whether it 
has any resin content. 

Several speakers have pointed out that other things 
than good oil must be considered in the manufacture of 
a good cable. It has not, of course, been suggested that 
the compound used was the only important factor in 
producing a good cable. The compound, the paper, the 
type of structure employed, the method of treatment 
during manufacture and the method of handling during 
laying all play an important part in creating a trans- 
mission link which will not fail in service. 

* Transactions of the American I.E.E., 1927, vol. 46. 
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THE THERMAL RATING OF TRANSFORMERS.* 
By E. T. Norris, Member. 


(Paper first received 27th October, 1927, and in final form 15th March, 1928.) 


SUMMARY. 


The basis of the true thermal rating of a transformer is 
the maximum temperature which the insulation will with- 
stand without damage. 

In the design of a transformer to meet any specified loading 
conditions, calculation of the true thermal rating is necessary 
in order to make the most economic and efficient use of the 
material. 

Since the capacity of a transformer depends on external 
loading conditions, such as duration of load and temperature 
of cooling medium, predetermination of the thermal rating is 
also necessary for any combination of loading conditions 
that may occur in practice. l 

Measurement of the true thermal rating while the trans- 
former is in service is required partly as a check on the 
calculated rating, partly as a protection against overloading, 
and partly so that full and efficient use may be made of the 
available capacity of the transformer. 

The paper deals with these problems. In the first part a 
practical method of calculating the true thermal rating 
of a transformer under any given conditions of loading is 
developed. 

In the second part of the paper the measurement of the 
thermal rating is considered. An instrument is described 
which indicates, while the transformer is in sẹrvice, the 
proportion of the maximum safe rating actually being utilized, 
and gives warning whenever the safe temperature limit is 
reached. 
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LIST OF SYMBOLS. 


t = duration of load, in minutes; 
t = thermal time-constant of transformer, in minutes; 
ty = thermal time-constant of windings, in minutes; 
T, = average temperature of windings as measured by 
increase in resistance; _ 

T, = temperature of hottest oil; 

T = temperature of cooling medium; 

T „ = hottest-spot temperature in the transformer 
windings; 

0 = hottest-spot temperature-rise = Ty — Tm; 

6, = temperature-rise of hottest oil = T} — Tm; 
0,4 = maximum winding temperature-difference; 
U, = thermal capacity of transformer, in watt-minutes 
per degree C.; 
U„ = thermal capacity of windings, in watt-minutes 
per degree C.; 
W. = copper loss, in watts, at final temperature; 
W; = core loss, in watts; 
W, = total transformer losses, in watts, at final tem- 
perature; 
a = ratio of copper loss (W,) to iron loss (W;); 
= ratio of specified load to normal load ; 

10Cb = percentage of final winding temperature-dif- 
ference reached at end of load ; 

100c = percentage of final hottest oil temperature-rise 
reached at end of load; 

All temperatures are in degrees C. 

Subscript (f) indicates final values if load were con- 

tinuous. 

Subscript (n) indicates continuous normal-load values. 

Subscript (s) indicates values at start of load. 

Subscript (e) indicates values at end of load. 


INTRODUCTION. 


In any transformer the maximum permissible tempera- 
ture of the materials used in its construction is a funda- 
mental limit to the load it will safely carry. 

In practice this safe load is usually limited by the 
maximum temperature which the insulating materials 
will withstand continuously. When the hottest spot in 
the insulation reaches this temperature limit, the trans- 
former has carried its maximum safe load. The hottest- 
spot temperature generally occurs at some internal point 
in the winding, and is thus the true basis of the calcula- 
tion and measurement of the safe thermal rating. 

An accurate knowledge of the internal thermal con- 
ditions is therefore essential to the economic and safe 
thermal design of a transformer. These thermal con- 
ditions are not simple. Many materials, having widely 
different thermal properties, are used in the construction 
of the transformer. The amount of heat generated by 


perature which will determine the maximum safe load. 
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the losses is not a simple function of the load, and the 
passage of this heat frcm its source within the trans- 
former to the external cooling medium is complicated. 
The process involves heat transfer by convection, con- 
duction and radiation, both in series and in parallel. 

The accurate calculation of the effect of various 
loading conditions on the correspcnding thermal rating 
of a transformer is therefore difficult and laborious. 
The actual measurement under operating conditions is 
also difficult because the parts of the winding at high 
temperature are usually at high electric potential. 

The present paper deals with these two problems. 
In the first part of the paper general thermal relations 


are considered, and, in particular, the relation between — 


the rating in accordance with the various national 
standards and the maximum safe rating. A practical 


method is developed for calculating the maximum safe . 


load which a transformer will carry under any given 
loading conditions. 

In the second part of the paper the measurement of 
the true thermal rating under operating conditions is 
discussed. Methods of measuring both directly and 


indirectly the hottest-spot temperature of a transformer . 


in service are considered, and an instrument is described 
which indicates when the maximum safe loading is 
reached and records the actual load the transformer is 
carrying in terms of the maximum load it could safely 
carry under the same operating conditions. 


THERMAL CONDITIONS IN A TRANSFORMER. 


Heat is generated in a transformer mainly in the 
windings and in the iron core. The heat generated in 
the core is practically constant for all loading conditions. 
The heat generated in- the windings is approximately 


proportional to the square of the load current. All, 
this heat flows by conduction to the ‘surface of the | 
material. In air-insulated transformers the heat is then 


dissipated by convectian and radiation into the surround- 
ing atmosphere. In oil-immersed transformers the heat is 
conveyed by thermal transference in the oil to the cooling 
medium, which is usually air or water. The oil circu- 
lates in a closed path between the transformer and the 
cooling medium, rising in temperature as it collects heat 
from the transformer, and falling in temperature as it 
delivers it to the cooling medium. 

The hottest-spot temperature limit applies, of course, 
to the insulation both in the core and in the windings. 
‘Since, however, the core losses are practically constant for 
all loads, whereas the copper or winding losses increase 
rapidly with the load, it is the winding insulation which is 
-affected most by the loading, and its hottest-spot tem- 


- ::In -an .oil-immersed transformer the hottest-spot 
temperature Ty wee be the sum ot the following. com- 
ponents: — i 
(a) The E T, Of the hottest oil, and 
(b) The winding tenitperature-difference 0. 
Le. | | 
The hottest- ‘spot _ The hotest oil 
temperature-rise — . temperature-rise 
etter . + The winding temperature-difference 


fore OO + Oy we ee W 


This formula is the basis of all overload calculations. 
It would be more nearly correct to define O, as that 
component of the hottest-spot temperature-rise depen- 
dent on the total losses in the transformer, and 0,, as 
the component dependent on-the copper losses only. 

In certain cases, as, for example, some shell-type 


transformers in which the direction of the oil flow is 


mainly parallel to the conductors in the winding, the 
component 0, may not be quite the same as the tem- 
perature-rise oi the hottest oil, and the correct value 
should then be used. In general, however, 9, may be 
assumed to be the hottest oil temperature rise: 

The method of determining the thermal rating is 
exactly the same whether the transformer is air-insulated, 
natural air-cooled, or oil-immersed air-cooled, on the 
basis that the former is immersed in a bath of air 
whereas the latter is immersed in a bath of oil. In each 
case the heat generated by the losses is finally dissipated 
into the surrounding atmosphere. | 

In oil-immersed transformers the effect of temperature- 
rise of the cooling medium, air or water, is included in 
the hottest oil temperature-rise. Similarly, in an air- 


insulated transformer the effect of temperature-rise of 


the adjacent cooling air may be included in the value 
of §,,. The winding temperature-difference then becomes 
the difference between the hottest-spot temperature and 
the ambient: -air temperature, so that formula (J) will 
read— 


6=6,. . . . . . (la) 


On this basis, oil-immersed transformers are thermally 
similar in principle to air-insulated transformers, but 
with the additional complication of an intermediate 


‚cooling medium in the oil. 


For simplicity, oil-immersed transformers will be 
assumed in the remainder of the paper. In general, the 
text and formule will apply equally to air-insulated 
transformers, provided that oil temperature-rises are 
omitted. In places where this rule does not hold, 
special consideration is given to the conditions for air- 
insulated transformers. 

The two components of the hottest-spot temperature, 
viz. Ty and 0,,, are independent of one another, and in 
the design of the transformer may each be given any 
desired value. The former depends on the heat dis- 
sipaticn of the tank or cooler, whereas the latter is 
dependent on the current density in the windings and 
the heat dissipation of the coils. Measurement of the 
hottest oil temperature gives no indication of the values 
of the winding temperature-difference or of the hottest- 
spot temperature. | 

Both components vary with the load on the trans- 
former, but they follow widely different laws in relation 
to the load. 

The hottest oil temperature depends on the totl 
losses in the transformer, and will follow load variations 
slowly since the thermal or heat-storage capacity of the 
whole transformer is large. The thermal time-constant 
ranges from 2 to 6 hours. 

The winding temperature-difference is a _ function of 
the copper losses only and will follow load variations 


relatively quickly since the thermal capacity: of the 
‘windings is small, and the corresponding thermal time- 
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constant ranges from 2 to 10 minutes in oil-immersed 
transformers and from 10 to 100 minutes in air-insulated 
transformers. 

A short-time load will therefore increase b, prabtcally 
as much as a steady continuous load of the same value, 
but will have little effect on T}, whereas long-time or 
continuous loads will have full eftect on both the winding 
temperature-difference and the hottest oil temperature. 
It follows that the relative effect of the two components 
on the hottest-spot temperature will depend, for any 
transformer, on the duration as well as on the magni- 
tude of the load. 

Since there is no direct connection between the hottest- 
spot temperature and the hottest oil temperature, 


measurement of the latter is not in itself an indication | 


of the load that the transformer will safely carry.. A 
thermometer recording the temperature of the hottest 
oil of a transformer in service is therefore of no real 
value as a safe-load indicator. A transformer on load 
having a hottest oil temperature of 80° C., for example, 
may have a hottest-spot temperature of anything up 
to 150° C. or more, depending on the thermal design. 

It is not usually possible to measure the hottest- 
spot temperature directly. The nearest measurable 


temperature is the average temperature of the windings 


calculated from:the increase in electrical resistance. 
For these reasons the British Engineering Standards 
Association and all national standardization bodies 
specify limits to the maximum temperature T, of the 
winding when measured by increase of resistance. The 
B.E.S.A. and some other bodies specify, in addition, 
limits to the hottest oil temperature Ty 

The temperature distribution in a aonig and 
the relation between the standard observable tempera- 
tures and the safe output rating are dealt with by the 
author in a paper which will shortly be published in 
the Journal of the American .Institute of Electrical 
Engineers. 


. STANDARDIZATION OF THERMAL RATING. 


The first essential of a standard specification is that 


it should form a basis for the comparison öt thermal 
ratings. 
It is not necessary that the standard and the site 


ratings should be identical, and, in fact, it is seldom : 
possible, since the safe rating is not a constant for a . 


given transformer but depends on many external 
conditions. The best that can be done in this direction 


is to choose one set of external conditions as a basis | 
for the standard rating. All national standard specifica- ' 
In most cases, in order that . 


tions adopt this method. 
the standard rating may be conservative the conditions 
chosen are most severe and such as very seldom < occur 
in practice. 

It is also cal that the standard rating be easy 
to determine, i.e. it should be expressed in terms of 
the observable temperatures T and T}. A standard 
specification, therefore, sets limits to these two tempera- 
tures by assuming arbitrary relations between them and 
the hottest-spot temperature. 

The British or other standard rating oí a Er 
is identical with the maximum safe rating only when 
the external operating conditions (such as air or water, 


larger than are necessary are installed. 


temperature and duration of load) of the transformer 
considered and the relation between the hottest-spot 
temperature and the observable temperatures T, and 
T, are the same in the two cases. This condition very 
rarely occurs. For example, the B.E.S.A. oil-immersed 
self-cooled rating is based on continuous loading and an 
air temperature of 40°C. It is very seldom in practice 
that a transformer is carrying full load continuously. 
It is also very seldom that the ambient-air temperature 
is 40° C. continuously. The combination of both these 
conditions is still more rare. It is doubtful whether a 
case exists in practice of a transformer operating at its 
B.E.S.A. rating, i.e. on full load continuously and with 
an ambient-air temperature of 40° C. continuously. 

It is common practice to assume that the B.E.S.A. 
rating of a transformer is the same as its maximum 
safe rating, and, in consequence, transformers much 
In addition 
to needless capital expenditure and no-load transformer 
losses, a natural result of this position is that operating 
experience does not distinguish between transformers of 
good and bad thermal design, and, in consequence, manu- 


_ facturing competition does not encourage the former. 


The data and'thermal constants necessary for the 
accurate thermal design of a transformer are dependent 


- upon the type of transformer, the winding arrangement, 
. and the tank dimensions or method of cooling. They 


must be determined originally by experiments for every 
practical combination of these variables. Experimental 
work of this kind requires considerable skill and elaborate 
apparatus to carry out accurately, and it becomes costly 
when repeated for many types of transformer. 

It is possible for a transformer to comply with the 
British Standard Specification and yet have a hottest- 
spot temperature greater than 105°C. The excess will 
not, however, be serious, as the difference between T, and 
Tọ cannot in practice be much more than the values 
assumed in the standard rating. If, however, the 
resistance of the winding is small (i.e. of the order of 
0-001 ohm), as happens in many low-voltage windings, 
it is not possible to measure the temperature-rise by 
increase of resistance. There is then no check at all 
on either the hottest-spot temperature or the average 
temperature of the winding. A transformer at its 
apparent B.E.S.A. rating may in such a case have a 
hottest-spot temperature well above the safe limit. 
This condition is quite common (e.g. a 440-volt winding 
in a 250 kVA transformer will have a resistance less 
than 0-001 ohm). It is usually more difficult to cool 
a low-voltage winding than a high-voltage winding 
unless additional means (such as extra cooling ducts, or 
lower current density in the copper) are adopted to 
provide sufficient cooling. The reason may not be 
apparent at first sight and is referred to again later in 
the paper. Transformers, therefore, having one winding 
of. fairly low resistance may from test-results apparently 
comply with the British Standard Specification and yet, 
if the thermal design is bad, the size of the conductor 
too small, or the cooling surface insufficient, have a 
hottest-spot temperature well above the maximum safe 
value at the B.E.S.A. rating. 

The objects and limitations of national standard 
specifications: for transformers have been emphasized 
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here in order to stress the importance of distinguishing 
between a national standard rating and the maximum 
safe rating under operating conditions. 


CALCULATION OF TRUE THERMAL RATING. 


(a) Development of formule.—The safe load rating of a 
transformer under any given conditions, such as dura- 
tion of load, air or water temperature, is that load 
which raises the hottest-spot temperature to the maxi- 
mum safe value, e.g. 105° C. The two components of this 
temperature (viz. the hottest oil temperature and the 
winding temperature-difference)- must be calculated 
separately. In the following method these components 
are first calculated on the assumption that the load is 
continuous, and then corrected to correspond to the 
specified duration of the load. 


From (1) Be) = Dye + wip) - - - + (2) 


Temperature-rise at end of load 


iS Final temperature-rise if load were continuous 
Z Bore) aa Bo 18) 
Gots) — Bols) 
then Bore) = { 91) — Agia) be + Oole) ooa e (3) 
Similarly 
Winding temperature-difference at end of load 


Tb = A 
_ Final winding temperature-difference if load were 


continuous 
Outer = {up — Buys} + Arye + + (4) 


The next step is to determine the initial and final 
temperatures for use in formule (3) and (4). 

The true relations between the various temperatures 
in a transformer cannot be expressed mathematically in 
a reasonably simple form. None of the temperatures is 
a simple function either of the losses or of the load on 
the transformer. Rigorous calculation of the overload 
capacity under varying conditions would involve trial 
and error, would be extremely laborious, and would 
have to be done practically from first principles in each 
case. The chief causes of this complexity are the effect 
of temperature on the copper losses and on the viscosity 
and other characteristics of the oil. In the development 
of the following formule, therefore, various approxima- 
tions and assumptions have been made which limit 
their application to transformers of reasonably normal 
design and working under conditions likely to occur 
in practice. In all cases, however, where such approxi- 
mations have been made the true conditions are 
explained, so that where necessary the formule may be 
modified to suit special cases. 

The initial and final temperatures are calculated from 
the following equations :— 


O h= BVO urn) ZE ec AO) 
Bots) = Bío Burn) . . ° . . (6) 


5 + 13? 
Cor) = (E) Oain) o. . (7) 


2.5 
í + 1\% 
Dos) = (Pet i ) Bony) - - + (8) 


The derivation of these formule is given in Appendix 1. 


Ocin and Owm are respectively the hottest oil tempera- 
ture-rise and the winding temperature-difference at any 
definite continuous load, which may conveniently be 
the B.E.S.A. rating. These values are obtained either 
from test-measurements or from the thermal design of 
the transformer. 

Formule (6) and (8) assume that temperature con- 
ditions are steady at the commencement of the overload. 
When this is not the case, Ows) and Oo) must, if not 
already known, be calculated from the previous loading 
conditions. 

Formule (3) and (4) are now complete except for the 
duration correction factors c and b. At the commence- 
ment of a load when the transformer and cooling medium 
are at the same temperature, all the heat generated by 
the losses is stored in the transformer, thereby raising 
its temperature. As the temperature rises, some of the 
heat is dissipated into the cooling medium and corre- 
spondingly less is stored. Finally, when steady condi- 
tions are reached, all of the heat is dissipated. 

Assuming that the losses remain constant and that 
the heat dissipation is proportional to the temperature- 
rise, the formule for the increase in temperature after 
any duration ¢ of load will be:— 


c=1]1— e7", .. . . (9) 
b = 1I — e7", | . . . (10) 


The derivation of these formulæ is given in many 
textbooks. The constants ¢, and ¢,, usually known as 
the thermal time-constants, are characteristic of the 
transformer. This simple formula needs correction, 
however, as the assumptions made in its development 
do not hold for most transformers. The losses do nct 
remain constant for a given load, since the copper 
losses increase with temperature-rise due to increase 
in resistance. The heat dissipation is frequently not 
directly proportional to the temperature-rise, i.e. z 
and y in (5) and (7) are frequently less than unity. 
Also, a transformer is far from being a homogeneous 
body. The flow of heat is complicated in the initial 
stages by the time element in the various kinds of heat 
transfer involved. 

Since the time-constant is proportional to the ratio 
of the final temperature-rise to the watts loss, it will no 
longer be constant for any given transformer, but will 
vary with the loading conditions and must be calculated 
for each particular load. 

Vidmar * has corrected formule (9) and (10) for values 
of x or y of 0-5. Cooney t has revised the formule to 
include the variation in resistance of the copper with 
temperature, and finds that formule (9) and (10) still 
hold, provided that in calculating the time-constant 
the final temperature-rise. is based on the loss at the 
final temperature, and that the watts loss is the loss 
at the commencement of the load. 

Since neither the temperature-rise nor the initial less 
increases as fast as the final loss, their ratio, and, there- 
fore, the time-constant when corrected in this way, are 
more nearly constant for all loading conditions. 

Rosskopft has amended Cooney’s formula to include 
also a value of x or y equal to 0-8. 

* See Bibliography (12). + Ibid., (11). 
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The three curves are given in Fig. 1. Curve A is 
the exponential curve of formula (9), while curves B 
and C are drawn for values of x equal to 0:5 and 0-8 
respectively. Curves B and C are not so general as 
curve A, inasmuch as the slope of the curve changes 
with the load on the transformer. The variation is, 
however, too small to cause appreciable error. In 
practice the shape of the curve may frequently be 
modified for a particular type of transformer to agree 
more closely with the results of load tests. It may be 
found, for example, that in certain transformers the 
temperature increases more slowly in the initial stages 
but reaches the final value in a shorter time than would 
be shown by curve C. 

Complete formule for the calculation of the time- 
constant for both the hottest oil temperature-rise and 
the winding temperature-difference are given in 
Appendix 2. 

It is now possible to calculate the maximum load 
which a given transformer will carry under any specified 
loading conditions. The problem is usually to find the 
permissible duration of a given load without exceeding 


ee 
yet tt 

Yi | | i 
FEE 
fi | | | | 


wee 


| 


0-8 


Values of e 


1-0 
Values of 
Fic, 1l. 


the maximum safe rating, i.e. without the hottest-spot 
temperature exceeding the safe limit. 

If the duration of the load is very short (i.e. less 
than 3 to 4 times the winding time-constant, or roughly 
20 minutes) b is less than unity, and the problem cannot 
be solved directly in the case of oil-immersed trans- 
formers. It will be necessary to assume a duration and 
calculate the resultant hottest-spot temperature. In 
all other cases it is possible to calculate directly the 
duration of load under any given conditions. 

In the general cases where c and 6 may both be less 
than unity, the procedure is as follows. 

Values of a; Oom; Own); Wun Um: Uz; x and y 
are all constants for a given transformer and must be 
determined either from the design or by measurement. 
U,, and U, may be calculated from (19) and (24).* 

The initial load, the required load and the temperature 
of the cooling medium must be known for the case in 
point. The initial and final temperature-rises are cal- 
culated from formule (5) to (8), and the transformer 
and winding time-constants from (20), (22) and (23).* 
A duration of load is then assumed, and values cf c 
snd b are obtained from Fig. 1. Formule (3) and 4) 

* See Appendix 2, 


may now be completed and the resultant hottest-spot 
temperature-rise obtained from (2). 

Incidentally, the average winding temperature-rise 
or the temperature-rise as measured by increase in 
resistance may easily be calculated from these formule. 
If average values of Ayn) and Oo) are used in (5) to (8) 
instead of the usual maximum values, then formula (2) 
will give the average winding temperature-rise instead 
of the hottest-spot temperature-rise. 

One example will be given of the calculation of the 
thermal rating by this method. Consider a 2000 kVA 
B.E.S.A.-rated, oil-immersed, self-cooled transformer 
with the following thermal characteristics at the standard 
rating, i.e. with an ambient-air temperature of 40° C.:— 


Bon) = 45 
wn) = 20 
a= 2 
Wun) = 28000 
U, = 150 000 
Uy = 46500 
x=0-7 
y=.1:0 


It is assumed that the transformer has been carrying 
1 600 kVA, or 80 per cent of its full B.E.S.A. rating, for 
many hours. It is desired to find the permissible 
duration of a load of 3 200 kVA, or 1-6 times the B.E.S.A. 
rating. The ambient-air temperature is 20° C. 

We have Bi = 0-80; B = 1-60; Tm = 20. 

From formulæ (5) to (8) we obtain :— 


Omis) = 1:60%5 x 20 = 64-8 
Owe = 0:8075 x 20 = 11-4 
Oar) = 2:4907 x 45 = 85-2 
Oore) = 0-719? x 45 = 35-6 


The thermal time-constants are calculated from 
formule (20) and (23).* The value of a’ as calculated 
from (21) * will be approximately 1-82. 

The transformer time-constant from (20) is 

150 000 x 49-6 x 3 


t, = ALA 227 minutes. 
t 1-92 x 1-82 x 28 000 


The winding time-constant, from (23), is 


4500 x 53-4 x 3 


oe A = 7:4 minutes. 
W% 1.92 x 1-82 x 28 000 


Assume a duration of load of 10 minutes. From Fig. 1, 
for tft, = 0-044, c= 0:044; and for tft, = 1-35, 
b = 0:81. 

Substituting these values in formula (3) gives 


Bore) = (49:6 x 0-044) + 35-6 = 37-8 deg. C. 
and l 
Oey = (53-4 X 0:81) + 11-4 = 54:7 deg. C. 


The sum of these temperatures gives a hottest-spot 
temperature-rise Â) = 92-5°C. Assuming the maxi- 
mum hottest-spot temperatųre permissible to be 105° C., 
the limiting value of ĝi) will be (105 — 20) = 85 deg. C. 

The transformer, therefore, will not carry the load 
for 10 minutes without becoming excessively hot. The 


* See Appendix 2, 
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calculation must be repeated, assuming other values for 
the duration of the load, until the resultant hottest-spot 
temperature-rise is sufficiently close to the safe limit. 

_ Itis important to note that at the end of the 10 minutes’ 
overload the hottest oil temperature is only 57-8* C., 
giving a temperature-rise of only 37-8 deg. C. above 
the surrounding air. The transformer is, therefore, 
apparently able to carry such an overload with ease, 
although actually the temperature of the insulation in 
the windings is well above the safe limit. 

These figures show very forcibly the danger of regard- 
ing the hottest oil temperature as an indication of the 
safe loading of a transformer. The calculated increase 
in oil temperature due to the overload of 60 per cent 
for 10 minutes is only 2-2 deg. C. It is probable, how- 
ever, that the oil temperature would continue to rise 
slowly for some minutes after the overload is switched 
off, due to the quantity of heat stored in the windings. 

Formule (1) to (8) can be used for calculating the 
effect of decreases in load as well as increases; cooling 
periods as well as heating periods. For reductions in 
load both numerator and denominator of c and 6 will 
be negative, leaving the ratios themselves still positive. 

The temperature distribution in the transformer, 
however, may not be the same under both heating and 
cooling conditions. Generally, in oil-immersed, self- 
cooled transformers the oil circulation will not be so 
good under cooling conditions, especially if the load is 
removed altogether and the transformer is cooling down 
to the temperature of the cooling medium. This 
difference can be allowed for by increasing the thermal 
time-constant t. ; 

As an illustration of the use of the formule in calculat- 
ing the effect of cooling periods, it will be assumed that 
in the example just worked out the load on the trans- 
former after remaining at 3 200 kVA for 10 minutes is 
reduced to 1000 kVA, or 50 per cent of its B.E.S.A. 
rating, for the next 2 hours. 

Temperature conditions at the end of the 10-minute 
load become the initial temperature conditions for the 
2-hour load, i.e. 


Ooa = 87-8 deg. C.; Owa = 54°7 deg. C.; 
Ois = 92-5 deg. C. 


Bory) = 0:45%7 x 45 = 25-8 deg. C. 
Os) = 0-525 x 20 = 3-6 deg. C. 
From Fig. 1, for tft, = 120/227 = 0:528, c = 0-47, 


since t/t, = 120/7-4 = 16-2, b = 1-0 and bre) = Gus). 
Substituting these values in formula (3) gives 


Oore) = (25-8 — 37-8) 0-47 + 37-8 = 32-1 deg. C. 


Since Ôw) = 3:6 deg. C. the hottest-spot temperature- 
rise 6%) will be 35-7 deg. C., a decrease of 56-8 deg. C. 
due to the reduction in load. Note the rapid rate of 
cooling in this case. 3 

The excessive temperatures resulting from the 10- 
minute load were due to a comparatively small quantity 
of heat stored in the transformer coils only. When the 
load was reduced this heat was quickly transferred to 
the oil and thence to the ambient air. In general, 
a transformer will cool down more quickly after a 
heavy overload of short duration than after a smaller 


From formula (7), 
From formula (5), . 


load of longer duration giving the same hottest-spot 
temperature. 

(b) Practical application and examples.—The calcula- 
tion just described is rather laborious in that it involves 
trial and error in the calculation of the duration of 
load to give the maximum permissible hottest-spot 
temperature. This is because the winding temperature- 
difference and the hottest oil temperature vary in 
different ways with the duration of the load and must, 
therefore, be calculated separately. 

If conditions are such that one of these temperatures 
is constant, the calculation will be much simplified. 

The winding time-constant t,) is of the order of 
5 minutes. Fig. 1 shows that after a period equal to 
3 to 4 times the time-constant, b is practically unity, 
i.e. the winding temperature-difference has reached its 
final value. For all load durations of, in general, 
20 minutes or more, the calculation of the maximum 
safe load rating may therefore be simplified by the 
elimination of formula (4). The revised procedure will 
be as follows. 

The required load, initial load, cooling-medium 
temperature and permissible hottest-spot temperature 
must be known. Since 6...) = Ó,c(,) formula (2) may be 
written 


Bore) a Bre) — Yuocf) (11) 
where 0.) is known and 86,,;¢) is calculated from (5). 

By substituting for Op) in (3) the value of c may be 
found, and thence from Fig. 1 the permissible duration 
of load. 

To illustrate the simplified calculation it will be 
assumed that the transformer described in the previous 
example has been carrying 1 600 kVA, or 80 per cent 
of its full B.E.S.A. rating, for many hours. It is 
desired to find the permissible duration of a load of 
2500 kVA, or 1-25 times the B.E.S.A. rating. The 
ambient-air temperature is 25° C. 

We have By) = 0:80; B = 1-25; 
= 35:6, as in the first example. 

If the maximum permissible hottest-spot temperature 
is 105°C. the limiting value of ĝe) will be (105 — 25) 
= 80 deg. C. 

From (7), Bos) = 1:59? x 45 = 60-0. 

From (5), Op = 1:25%5 x 20 = 35-0, whence, from 
(11), Age) = 45-0 deg. C. 

The value of c from (3) is 0-385. 

From Fig. 1 the corresponding value of tft is 0-33. 

The time-constant t, is obtained from formula (20).* 


The value of a” from (21)* is approximately 1-85, 
whence 


150 000 x 24-4 x 3 


t — 0-92 x 1°85 x 28000 


= 230 minutes. 

The permissible duration of the 125 per cent load 1s 
therefore 0-33 x 230 = 76 minutes. At the end of this 
overload the hottest oil temperature will only be 70°C. 
Here again, measurement of the hottest oil temperature 
gives no indication that the transformer has been 
loaded to its maximum safe limit. 

Jf, in any case, there is doubt as to whether the 
simplified calculation may be used, it is advisable to 


* See Appendix 2. 
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calculate the value of b from formula (23) * and Fig. 1. 
if it is appreciably less than unity, the safe loading 
should be recalculated from the complete formulz. 
There is no danger, however, in assuming that b = 1, 
since the resultant error, if any, will be on the safe side, 
i.e. the safe rating will be under-estimated. 

The simplified method just described enables the safe 
load rating of a transformer to be calculated directly 
for any given conditions of loading, provided that the 
duration is not less than approximately 20 minutes. 
The majority of overload problems that arise in practice 
satisfy this condition. 

The time required for a single calculation may be 
considerably reduced by expressing the more complicated 
parts of the formule in the form of curves. This method 
is even more convenient when restricted to definite 
initial loading conditions, e.g. when the overload com- 
mences with the transformer cold or at no-load tempera- 
ture or at normal load temperature. 


Values of A or 4, 


1-6 


12 14: 
Values of @ or fs 
Fic. 2, 


Sets of curves may be drawn for any desired initial 
loading condition. Examples of the method are given 
below for three starting conditions, and for air-insulated 
and oil-immersed transformers. It is assumed that 
for many hours prior to the application of the load in 
question the transformer had been , 


(a) Unexcited, 
| (b) Excited but unloaded, or 
(c) Carrying normal load. 


The development of the curves and revised formule 
for these three cases are given in Appendix 3. 

Oil-immersed transformers.—In using thé formule the 
following thermal characteristics of the transformer at 
normal load must be known beforehand :— _ | 

Bony; Owm; Wun: Tm); Uri a; x and Y 
U, may be calculated from formula (19).* 

The formule and-curves enable the maximum safe 
duration of any. given load to be determined directly “or 
any specified temperature of cooling medium. 

* See Appendix 2. 


(a) Transformer initially at temperature of cooling 
medium .—Calculate c from formula (30),* namely 
e = > 
Kabon) 
where K, is either obtained from Figs. 2, 3, or 4, or cal- 
culated from formula (26).* 


Values of A, or A, 


Fic 3. 


Values of A, or A, ~ 


12 1-4 
Values of for £, | 
Fic. 4. 


Formula (33) * gives 


where Kg is taken from Fig. 5. | 
(b) Transformer initially at no-load temp:rature.— 
From formula (34)* 
E 105 — Ta) — Be YO 0 (m) — K bom 


(Ko Te K) bom 
* See Appendix 3. 
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where K, is obtained from Fig. 6, and K, from Figs. 2, 3 
or 4, 

Alternatively, both constants may be calculated from 
formule (25) and (26).* Also, from (37) * 


Oon 
Wun) 


where K, is taken from Fig. 5. 
os pe 


Values of %, 
Fic. 5. 


= 
œ 


2 
À 


Values of e 


(c) Transformer initially at normal load temperature.— 
Formula (38) * gives 


_ 105 — Tmo) — B Oum — bom 
(Kz — 1)00n) 


where K, is either obtained from Figs. 2, 3 or 4, or 
calculated from formula (26).* Also, from (41) * 


t=1-07K Uae) 
t(n) 


where K, is taken from Fig. 5. 


Values of 


2 2 
Values of @& 
Fic. 6. 


Air-insulated transformers.—The following thermal 
characteristics of the transformer must be known 
beforehand :— 


buin); Tmn) Wini Uwi a. 


U' may be calculated from formula (24).t 
The formula and curves enable the maximum safe 


* See Appendix 3. t Ibid., 2. 


duration of any given load to be determined directly 
for any specified ambient-air temperature. The assump- 
tion has been made that y = 0-8 and that the winding 
is not appreciably influenced by the core temperature. 
Complete formule are given in Appendix 3. 

(d) Transformer initially at ambient-air temperature or 
at no-load temperature —Formule (46) and (45) * give 
respectively 

= b 105 — Tmo) 
B?6 w(n) 


K, Ur Brom) (a + 1) 


‘= 


where K, is taken from Fig. 5. 
(e) Transformer initially at normal load temperature. 
—Formulz (47) and (45) * give respectively 
(B® — 1)0.0(n) 
_ KU yl + 1) 
. 0-95 aWun) 


b = 


where K, is taken from Fig. 5. 

The use of the simplified formulæ and curves in the 
rapid calculation of safe load capacity will be illustrated 
by three examples covering a fairly wide range of loading 
conditions. 

Example (1).—A 3-phase 50-kVA 50-period B.E.S.A.- 
trated air-insulated transformer having a ratio of 
3 300/440 volts is put into service on a 60-kVA load. 
It is required to find the maximum safe duration of 
this load, assuming an ambient-air temperature of 25° C. 
The following technical data for normal rating are 
known :— 


Own) = 65; Tmin) = 40; Wyn) = 1 660; 
a = 2:6; Un = 800. 


From formula (46),* 


105 — 25 
TT V 


The corresponding value of K, from Fig. 5 is 1-60. 
Substituting this value in (45) * gives 


¿1:60 x 800 x 65 x 3'6 gg 
~ 0:82x26x1660 | 


The maximum safe duration of the 60-kVA load is 
therefore 85 minutes. This overload capacity is entirely 
due to the starting conditions and the ambient-air 
temperature. 

Example (2).—An oil-immersed self-cooled trans- 
former of 250 kVA B.E.S.A. rating has been run on half 
normal load for many hours, the air temperature being 
20°C. The load is suddenly increased to 375 kVA, or 
1-5 times the B.E.S.A. rating. 

It is known that Ooin) = 48; Om) = 17; Trin) = 40; 
Wim) = 5400; a=3; x=0°8; y=0-8., U, is 
calculated from (19)f to be 28 000. 

From formula (25),* K, = 0-46; and, from Fig. 3, 
K, = 1-96, since Bis, = 0-5 and 8 = 1-50. 

* See Appendix 3. t Ibid., 2. 
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Substituting these values in (27)* gives c = 0-34, 
whence, from Fig. 5, K, = 0-41. 

The maximum permissible duration of the 375-kVA 
load is 118 minutes from formula (28),* where a’ is 
calculated at 2-6 from (21).+ 

Example (3).—A 3-phase bank of oil-immersed trans- 
formers with forced oil circulation and water cooling 
is rated at 45000 kVA, 120 000/11 000 volts, when the 
temperature of the cooling water is 30°C. An overload 
of 30 per cent is switched on after the transformers 
have been excited but unloaded for many hours, and 
the cooling-water temperature is 15° C. 

The technical data at normal rating for one trans- 
former are: 


a=3:2; 2=1:0; y=1-0; U= 600000. 


The loading conditions are such that Bj, = 0; B=1-30 
and Tm(s = 15. i 

From formula (25) * or Fig. 6, K, = 0-24, and, from 
Fig. 4, K = 1-73. Putting these values in formula (34) * 
gives c = 0-34. The corresponding value of K, from 
Fig. 5 is 0:41. 

Formula (37) * gives the maximum safe duration of 
the 30 per cent overload as 51 minutes. 


MEASUREMENT OF TRUE THERMAL RATING. 


(a) Embedded temperature detectors.—Since the thermal 
limit to the load a transformer will carry is the permis- 
sible hottest-spot temperature of the insulation, the 
ideal method of determining the true thermal rating 
(while the transformer is in service) would be to measure 
directly the hottest-spot temperature. This is, how- 
ever, a difficult problem, and one for which a general 
solution is not yet available. 

Any method of measuring directly the hottest-spot 
temperature involves the placing of a thermo-couple, 
resistance coil, or some other form of temperature 
detector in the windings in the neighbourhood of the 
hottest spot. It is, in the first place, necessary to 
predetermine exactly the position of the hottest spot. 
This can be done quite successfully if the transformer 
has been well designed thermally and the temperature 
distribution throughout the windings is accurately 
known. It must be assumed that the hottest spot 
in the windings when the transformer is new remains 
the hottest spot throughout the life of the transformer. 
For example, the formation of oil sludge, if any, should 
not create a new hottest spot in any other part of the 
winding. 

Provided that the embedded temperature detector is 
correctly placed, it must then measure accurately the 
sum of the hottest oil temperature and the winding 
temperature-difference. The latter is made up of two 
components :— 


(i) The temperature-drop through the insulation, and 
(ii) The temperature-drop between the surface of the 
coil and the oil. 


In practice (i) is usually small compared with (ii). 


* See Appendix 8, q Ibid., 2. 


Their sum would not, then, be greatly reduced even for 
a coil of bare wire. 

In order to measure both components of the winding 
temperature-difference the embedded temperature detec- 
tor must be located within the coil insulation, and so 
cannot be insulated appreciably from the conductor 
itself, but must be allowed to operate'at approximately 
the potential of the surrounding turns. Since the 
hottest spot seldom in practice occurs at the extreme 
ends of a winding (due partly to improved cooling at 
the ends, and partly to the fact that the end-turns are 
usually more heavily insulated to withstand line-voltage 
surges), the embedded temperature detector can be 
neither at earth potential nor at the potential of any 
of the transformer terminals. 

The practical requirements of an embedded tempera- 
ture detector are that it shall be safe in operation, 
that it shall measure accurately the true hottest-spot 
temperature, and that it shall not weaken the trans- 
former insulation in any way. These requirements, 
in the light of the conditions just described, are difficult 
to meet. In certain special arrangements of transformer 
winding it is possible to insert some form of embedded 
temperature detector satisfactorily, but, in general, no 
method of measuring directly the hottest-spot tempera- 
ture of any transformer winding under service conditions 
has, as yet, been proposed. In confirmation of this 
position the International Electrotechnical Commission 
have-at various times considered the use of embedded 
temperature detectors and have decided that it cannot 
be recommended. 

Reference has just been made to the fact that increas- 
ing the insulation in a winding reduces the winding 
temperature difference, and hence the hottest-spot 
temperature. As this is not, at first sight, apparent, 
the following explanation is given. Consider two coils 
of the same type and construction, except that the second 
is more heavily insulated than the first. If the coils 
have the same number of turns, the surface of the 
second coil must be the greater. If the coils are the 
same size, the number of turns, and therefore the watts 
loss, will be less in the second coil. In either case the 
watts loss to be dissipated per unit area of coil surface 
will be lower for the coil with the heavier insulation. 
This reduction in watts per unit area affects both com- 
ponents of the winding temperature-difference, although 
for component (a) it is partly offset by the increased 
thickness of insulation. In most cases the net effect 
of increasing the insulation is to reduce both components 
of the winding temperature-difference. 

(b) Hottest-spot temperature indicators.—As an alterna- 
tive to measuring the hottest-spot temperature directly, 
its two components (0, and Ty) may be obtained 
separately and their sum recorded. Several methods 
of measuring the hottest-spot temperature indirectly in 
this way have been developed in other countries. In 
most of them the hottest oil temperature is measured 
directly by thermometer, and the winding temperature- 
difference is obtained indirectly by means of its relation 
to the load current in the transformer windings. This 
relation varies with different types of winding, and is 
discussed in detail in the first part of the paper and in 
Appendix 1. 
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In one type of instrument a small model coil is 
mounted above the main transformer windings in the 
hottest oil.* This coil is so designed as to generate and 
dissipate heat at the same rate as the main winding. A 
current transformer connected in one of the main leads 
serves to isolate the coil and to supply it with a current 
directly proportional to the load current in the trans- 
former windings. The hottest-spot temperature of the 
coil is then the same as that of the main transformer. 
A temperature detector consisting of a small resistance 
element is embedded in the coil, the resistance of the 
element being measured continuously by means of a 
‘form of Wheatstone bridge. Since, however, the 
resistance of the coil is dependent on its temperature, 
the instrument may be calibrated in hottest-spot 
temperature. 

The temperature may be measured also by a dial-type 
thermometer the bulb of which is inserted EREI in 
the heating coil. 

In another type of instrument the model coil has 
similar shape and thermal characteristics to the ordinary 
coils and is inserted in the hottest part of the windings.t 
This coil is not part of the main winding but carries a 
current proportional to the load current and of such 
magnitude that the winding temperature-difference is 
the same for the coil as for the main transformer wind- 
ing. The temperature of the copper in the coil is 
then the same as the hottest-spot temperature of the 
windings. Insulating transformers are necessary to 
isolate the coil and to supply its heating current. 

The measurement of temperature by means of an 
electrical resistance thermometer employing a resistance 
element and Wheatstone bridge circuit is relatively 
costly and complicated. Such methods are, in con- 
sequence, economically suitable only for very large 
power transformers. 

A third type of instrument measures the hottest oil 
temperature directly by a dial-type thermometer. 
The winding temperature-difference is obtained by 
means of an ammeter supplied from a current trans- 
former. The thermometer and ammeter movements 
are combined in one case, and are mechanically connected 
so that the instrument records the sum of the two 
components, viz. the hottest-spot temperature. 

Electrical alarm contacts may be fitted to any of 
these instruments to give warning when the hottest- 
spot temperature reaches a dangerous value; and in an 
extreme case to disconnect the transformer. A maxi- 
mum-reading pointer may also be fitted to show the 
highest temperature reached over any desired period. 
The instrument itself may be mounted either on the 
transformer or on the control panel some distance from 
the transformer. The current transformer may be con- 
_ nected on either primary or secondary side of the main 
transformer. In many cases a current transformer is 
already provided for instrument or relay purposes, and 
may be used also for the hottest-spot temperature 
indicator. 

(c) The safe-load indicator..—When the hottest-spot 
temperature of a transformer in service reaches the 
maximum safe value, the transformer is fully loaded. 


* See M. E. Skinner: Electric Journal, 1921, vol. 18, p. 229. 
+ See F. F. BRAND: General Electric Review, 1926, vol. 29, p. 499 
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At any temperature below this limit the transformer 
is correspondingly underloaded. The relation between 
the percentage safe load on the transformer and the 
hottest-spot temperature is not, however, constant, 


_ but depends on the thermal characteristics of the trans- 


former and on the temperature of the cooling medium. 
This is evident by inspection of formulz (2), (5) and (7). 
Suppose, for example, that the hottest-spot temperature 
of a transformer at a given instant is 90° C., whilst the 
maximum safe value is 110°C. The transformer is not 
fully loaded but the unused capacity cannot be deter- 
mined from these two temperatures alone and may be 
any value between 10 and 30 per cent, depending on the 
thermal design of the transformer and the temperature 
of the cooling medium. | 

Embedded temperature detectors and the hottest-spot 
temperature indicators previously described show, there- 
fore, whether or not the transformer is fully loaded, 
but they do not show what proportion or percentage of 
its maximum safe load the: transformer is actually 
carrying. This latter information is of great use if the 
true thermal rating of the transformer is to be fully 
utilized. 

In the safe-load indicator the hottest-spot temperature 
is obtained indirectly on the same principle as the 
instruments previously described, in that T, is measured 
directly and 0,, is obtained through its relation to the 
load current. The bulb of a dial-type thermometer is 
immersed in the hottest oil of the transformer. A small 
resistance coil connected to the secondary winding of 
a current transformer and carrying a current proportional 
to the load current is wound round the bulb and is so 
designed that it increases the temperature of the bulb 
by an amount equal to the winding temperature- 
difference 6,,. The temperature of the bulb will then 
be the same as the hottest-spot temperature of the 
transformer windings. 

The instrument is calibrated in terms of maximum 
safe load. The actual load a transformer is capable of 
carrying at any instant is not a definite function of the 
cooling medium temperature and the transformer 
thermal characteristics, but depends also on the previous 
loading history of the transformer. The safe-load 
indicator, therefore, does not necessarily record the 
actual load on the transformer at any instant in terms 
of the maximum safe load, but the thermal resultant 
of all the preceding loading conditions that have had 
any influence on the thermal state of the transformer 
at that instant. 

It is, however, frequently desirable for an operator 
to know the maximum load that may safely be switched 
on to a transformer at any given time. This information 
is given by the safe-load indicator. 

For steady continuous loads a reading of 80 on 
the instrument would mean that the actual load on 
the transformer was 80 per cent of the load which the 
tra: sformer could safely have carried and that, other 
loading conditions being unchanged, the load may safely 
be increased by 25 per cent. For discontinuous or 
varying loads the same reading would mean that the 
actual load values were 80 per cent of the maximum 
safe values under exactly the same conditions of load 
variation. If these conditicns are unchanged the load 
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values may safely be increased by 25 per cent. In any 
case the maximum steady continuous load that may 
safely be switched on to a transformer at any instant is 
independent of its previous loading history apart from 


permanent deterioration due, for example, to oil sludge, > 


and will be a function only of the temperature of the 
cooling medium. 

In the operation of the safe-load indicator it is 
assumed that when any increase in load takes place the 
winding temperature-difference reaches the value corre- 
sponding to that load almost immediately. For rapid 
increases in load this assumption under-estimates the 
overload capacity of the transformer.by a few minutes’ 
duration of load. This is a desirable characteristic in 
that, for sudden dangerous increases in load, warning 
will be given a short time before the danger point is 
actually reached. 

At light loads the accuracy of the reading is affected 
slightly by the temperature of the cooling medium. The 
error thus caused diminishes as the percentage safe load 
increases, and at the higher loads the instrument readings 
become independent of the cooling-medium temperature. 
When the cooling medium is water, variations in its 
temperature are ordinarily never great enough to cause 
appreciable error. For many self-cooled transformers 
no correction is necessary and, generally, separate calibra- 
tions for winter and summer are sufficient. In extreme 
cases where the ambient-air temperature may change 
daily over a wide range, a bimetallic strip acting on 
the instrument dial provides automatic correction. 
The accuracy of the indicator at light loads is also 
affected slightly by the duration of the load. Short- 
time loads will be over-estimated, so that the error 
will be cn the safe side. The error diminishes as the 
load increases until at full load it is zero, and at its 
worst is of the order of 3 per cent for light loads of a 
few minutes’ duration. i 

The gradual formaticn of oil sludge on the surface 
of the transformer windings causes an increase in the 
winding temperature-difference, and, therefore, in the 
hottest-spot temperature owing to the low thermal 
conductivity of the sludge. The corresponding reduc- 
tion in the true thermal rating of the transformer is 
taken account of by the safe-load indicator. The 
heating resistance has the same temperature-rise over 
the oil as the hottest spot in the windings, but for 
the resistance the temperature-difference is mainly 
surface drop. The conditions for sludge formation on 
the resistance coil are, therefore, somewhat worse than 
on the coils of the transformer. The température of 
the bulb of the indicator will be increased by the sludge 
in the same way as the hottest-spot temperature. 
Increase in the reading of the safe-load indicator without 
any corresponding increase in load or in temperature 
of the cooling medium is a sign that sludging is taking 
place. 

For all normal operating conditions the safe-load 
indicator shows, while the transformer is in service, 
the proportion of the maximum safe rating actually 
being utilized, and gives due warning whenever the safe 
temperature limit is reached. Full advantage is taken 
of the daily load/time curve and of the temperature of 
the cooling medium. If this information is made use of, 
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the true thermal rating of the transformer may be more 
fully utilizéd. Under most practical operating conditions 
this true thermal rating is very considerably greater 
than the British or other standard rating. A corre- 
sponding reduction may therefore be made in the 
total kVA of transformer plant installed, with consequent 
saving in the capital cost of the plant and in no-load 
transformer losses. 


CONCLUSION. 


The chief aim of the paper is to encourage the rating 
and actual loading of transformers on a true thermal 
basis. To this end a practical method is developed of 
predetermining the true thermal rating under different 
conditions of loading, and a practical means is described 
for measuring the safe load capacity of a transformer 
under actual service conditions. 

It is hoped in a later paper to deal with the more 
practical side of the subject in its application to modern 
transmission and distribution systems, and to show the 
natural advantages of operating transformers in accord- 
ance with their true thermal ratings. 


APPENDIX 1. 


CALCULATION OF INITIAL AND FINAL TEMPERATURE- 
RISES. 


The following relation has little theoretical basis but 
has been found to be reliable in practice :— 


, 0. Wer |” 
Burpy & Warps whence pa = 7) . (12) 
The exponent y varies from 0-6 to 1:2; the actual 
value will depend on the type and arrangement of 
winding and on the method of cooling. It must either 
be known from experience or be determined by experi- 
ment for each particular transformer. In cases of doubt, 
a value on the high side should be chosen for safety. 
Allowing for the variation in resistance of the winding 
due to temperature-rise:— 


Westy = B’Wany[ 1 + maf Bap + Bus) — Poin) — Oum y] 


where o is the resistance-temperature coefficient of 
copper and m a correction factor for the percentage 
eddy-current loss in the copper, as this loss is diminished 


‘by increase in temperature. The total correction for 


resistance variation is unwieldy, and may, witHout 
causing appreciable error, be replaced by an increase 
in the exponent of f, thus 


Wes) = BW en) . » . . (13) 


An average value of v= 1-25 may be taken for 
power and lighting transformers, giving 


Ways) = BSW cn) o... e (14) 
From (12) and (13) we have 
Beit) = BOn) 


ae 2-5 
ard similarly Out) = Bis) Oin) 
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These are formulz (5) and (6) referred to on page 844. 
In these two formule the value of wn) should be 
based on a cooling-medium temperature the same as 
that during the overload. The error will be small, 
however, if a constant value of O(n) based on an average 
cooling-medium temperature is used. 

The value of the winding temperature-difference is 
affected by the flow of oil over the surface of the windings. 
It cannot, therefore, be considered dependent only on 
the watts loss for a given transformer. 

If a load is switched on to a transformer which has 
previously been unexcited, so that the oil is stagnant, 
the winding temperature-difference will be greater than 
if the transformer has previously been loaded and the 
oil is already circulating. For very heavy overloads, 
therefore, commencing with the transformer cold, and 
where the maximum safe duration of the load is limited 
to a few minutes, the value of 6,, should be corrected 
for stagnant-oil conditions. 


y= 


The hottest oil temperature-rise is calculated in the 
ban _ 


same way :— 
W z 
borr) « Wir), whence AD = I OL , (15) 
Goin) Wun) 


The exponent x varies from 0:7 to 1-2. The actual 
value depends mainly on the type and dimensions of 
tank if self-cooled, and on the characteristics of the 
cooler if water-cooled. It is determined in the same 
way as the exponent y. 

Wun = Was) + Wi 
= PB? Wen) + W; [from;(13)] 
= (8% + 1); 

Wun) = (a + 1)W; 


Was (E 4 J 
< == = | 1c 16 
2-50 + 1\2 
From (15) boy) = (E) Oon) 


ae ya + 1)? 
and similarly ĝos) = (Past *) Goin) 

These are formule (7) and (8) referred to on page 844. 
In these two formulz Op) should be the normal-load 
hottest oil rise with a cooling-medium temperature the 
same as that during the overload. If, however, Ooi) is 
based on an average cooling-medium temperature, the 
error due to the maximum variations likely to occur 
in practice is not appreciable. 


APPENDIX 2. 


CALCULATION OF THERMAL TIME-CONSTANTS. 


The general equation for the thermal time-constant of 
a transformer is | 


Thermal capacity x temperature-rise 
Rate of heat generation 


bo 


(15wo + l5w, + 3: Gwi) Form) + (15w; + 3w,) 901m j+ 3 - 6W0em) 
Total hot losses, in watts 


Since the temperature-rise is not constant throughout 
the transformer, the practical formula becomes 

2(Weight x specific heat x temperature-rise) 
= DEA: aa 
for each part of the transformer including pipework and 
cooling gear (if any). An accurate calculation of the 
time-constant depends on the type of the transformer, 
the winding arrangement, and the internal temperature 
distribution. 

The specific heats of the materials commonly used in 
transformer construction are:— 


ty 


Oil .. .. = 0-47 =15:0 i 
Insulation .. = 0-47 = 15:0 Watt-minutes 
per lb. per 
Iron and steel = 0:113 = 3-6 tena 
Copper .. = 0:094 = 3-0 | g 


Assuming that the oil, tank and external insulation 
have the same mean temperature-rise, the following 
formula gives the time-constant in minutes :—- 


(17) 
where wọ = weight of oil, in Ib., 


w, = weight of tank pipework and cooling gear, 
in Ib., 


We = weight of external winding insulation, in lb., 
w; = weight of internal coil insulation, in 1b., 

W, = weight of copper, in Ib., E 
tw, = weight of core and structural iron, in 1b., 


Oom) = mean temperature-rise of oil, 
w(m) = mean temperature-rise of windings, 
c(m) = mean temperature-rise of core. 


In each case “* temperature-rise ’’ means the difference 
between the temperature at the commencement and 
at the end of the load. 

. This formula may be simplified by expressing the 
three temperature-rises in terms of the hottest oil 
temperature-rise. The revised formula will depend on 
the relation between these temperatures and may be 
adjusted to suit any particular case. A typical example 
sufficiently accurate for general use is:— 

y UR Gar) — Fo} 119) 
E Wi = Wes 
U, = 4-0w, + 3:5w, + 2:5w, + 1207 . (19) 

In the case of forced-oil cooled transformers the coefh- 
cients of wand wọ would be higher. Values of 3 and 14 
respectively may be used. The denominator in (18) 
is the increase in loss due to the load, calculated for the 
temperature at which the load commences. 


LP? Boya Wen 
a+1 
Ur Boz) — Bois) y la + 1) 
{8 — Boy po Wem 


where a’ is the ratio of the normal copper loss to the 
iron loss when the former is calculated for the tempera- 
ture at which the load commences. It is not necessary 
to calculate this temperature very accurately as an 


where 


From (16), Wup — Was) = 


whence t = minutes . (20) 


va 
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error of 10 deg. C. will only affect a” by approximately 
3 per cent. 

The following formule for determining a’ are suff- 
ciently accurate for most purposes :— 

For oil-immersed transformers :— 


, 300 +0: 756 018) + T'm(s) + Outs) 


21 
| ~ 300 + 0-7500n) + Tmi) + Ou a (21) 
For air-insulated transformers :— 


= 300 F 0-760 con + Tm" 


The constant 300 in the numerator and denominator 
of these formule allows for an average proportion of 
eddy-current loss in the copper. If there were no eddy- 
current loss the constant would be 235 instead of 300. 

If the load commences with the transformer not 
excited, the time-constant becomes 


U8 a7) (a + 1) 
(Ba + 1) Wiin) - 


The time-constant for the windings is developed in a 
similar manner, thus :— 


UX bu — ha i Uwt G(s) — Ou y 


t = (22) 


t 
"Wan — Weis T PEY Wam 
_ Uw bug ) > wis) pla + : 
Soe mia . (23) 
(8 — Boy po’ Wein) 
where Uy = 15W¡+ 38 . . . . (24) 


Formula (24) holds also for most air-insulated trans- 
formers. If, however, the coils are wound direct on to 
the core, or the coils and core are in any other way in 
intimate thermal connection, some proportion of the 
core weight should be included in (24). 


APPENDIX 3. 


CALCULATION OF OVERLOAD CURVES, 


(1) Oil-immersed transformers.—If the duration of the 
load is such that 6 = 1 (i.e. the winding temperature- 
difference has reached its final value) formule (2) and 
(4) can be simplified. This condition is generally 
satisfied in practice if the duration of the overload is 
greater than about 20 minutes. 

From (2) and (5), since Owie) = of) 

Brey = Oo) + B? Oun = 105 — Tm 
whence 
Boe) = 105 — Tm — BP YO wn) = (Bos) — Poi) ya + Foie, 
[from(3)] 
105 — Tim — pe: by Ouin) — Born) 
Borr — Fors) 
Let 00/O0(n) = K, and o om) = K,. From formule 
(7) and (8) we have 


x, - (Eey Lo... (25) 


Hence c= 


. _ (Bea + 1)? 
and ‘ Ko = Corr) . o. . 2m 
(E, — me. 


Curves connecting B or Bre) and K, or K,, may be 
plotted for various values of a and 2 These curves 
are given in Fig. 2 for x = 0-6, in Fig. 3 for x = 0-8, 
and in Fig. 4 for x = 1-0. 

Curve C of Fig. 1 is re-plotted for convenience in 
Fig. 5, where t/t; = Kg. 

From formula (20) the permissible duration of load is 


U(K, — K,) (a + 1) Goin) 
18 — Bis) bo’ Wim 
If the transformer has not been excited prior to the 
commencement of the load, we have 
U aan — 
Formule (25), (26) and ae may be simplified still 
further if restricted to specified initial loading conditions. 


(a) Transformer initially at temperature of cooling 
medium. 


t=K [from (22)] . (29) 


Pis =0 and K,=0, 
105 — T'm(s) == Be SYO cor) 


whence c= 30 

K Bon) om 

From (29), t= KK, UL) co... (31) 
Wan) 

where K, = a +) a “Sever 182) 


Curves may conveniently be plotted connecting K, 
and B for different values of a. For all values of a, 
however, between 1-0 and 3-5 and values of B between 
1-1 and 1-7, K, is constant within + 5 per cent. An 
average value of 1-13 may therefore be taken, assuming 
a’ = 0°85a. 

Kormula (31) then becomes 


t= 118 KU ©.. (33) 


(6) Transformer initially at no-load temperature. 
Bis) = 0; c= 105 — Tmo) — qe VO win) — K botn) (34) 


E (+) 

1 \a +1 

This relationship is plotted in Fig. 6 for several 
values of v. 


From (25), 


K¿K¿U 0 Bom (38) 


W un) 
where K; = an . . . (36) 


Assuming a’ = 0'85a, an average value of 1:10 may 
be taken for Kg, giving 


t = l. LOK Ue . . . . (37) 
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(c) Transformer initially at normal load temperature. 
Bi) = 1-05 Ky = 1-0; Buje) = Âu: Oow) = Gota) 


From (27), ¢ = 205 Tmo) — BP™ Gwin) — Born) | 


(Ky — 1)0cín) . (29) 


From (28), t = K K,U; Boim) » « « « (39) 


Wi (n) 
= Že — Y (a +1) 
where K a 40 
For all ordinary values of a and B (e.g. a = 1-0 to 


3-5, and B = 1-0 to 1-7) Kg is practically constant, 
the average value being 1-07, assuming a’ = 0: 95a. 


Hence = 1:07 K,U cA o... (41) 
t(n) 


A more nearly accurate formula for a’ is:— 


350 + Tm(a 


= —— 42 
350 + T'nin) (42) 


(2) Atr-insulated transformers. 


The thermal time-constant of the windings is usually 
larger for air-insulated than for oil-immersed trans- 
formers. It is not possible to assume that b is unity 
for loads of 20 minutes’ duration, for example. 

From formula (2), 0) = Oi). 

Combining (4), (5) and (6) we get 


0. a Owie) = (8750 — BRY Y DO ein) +82 5 Ayn) =105— T'm(s) 


Ee ees be 105 — Tinto) — BZ 5r buoin) 


Igy — BRO 43 
{ pry EN B? YY Ouin (43) 
From (23) 
PERK =K Uyd 87% = Ben O sn (a +1) 
= Pen, pa 


rű lA 
{BP Beyo Wun CP 


Assuming y = 0:8 we get 


KU 9rotny(a + 1) 


t = : 
a Wiin) 


(45) 


(a) Transformer initially at ambient-air temperature. 


105 — T 
b — A . . . . . 
Pa 
The duration of load is obtained from formula (45). 
An average value for a’ is 0:82a. 

(b) Transformer initially at no-load temperature.— 
This condition only differs from the previous condition 
in the heating due to the exciting current, and in the 
effect of the core loss on the winding temperature. 
The former effect is assumed to be negligible. If the 
air cooling the core is not independent of the air cooling 


connected, it is probable that the temperature of the 
windings. will be raised somewhat by the iron loss. 
The effect is not usually appreciable when the trans- 


pa a fet ele ae 


- former is on load, and in most cases formule (46) and 


(14) A. E. KENNELLY: 
the winding, or if the core and coils are thermally | 


— 


(45) may be used. 
(c) Transformer mny at normal load temperature. 
l (8? = 1) Ain) 
The formula for the duration of the load is the same 


as (45). An average value for a’ = 0-95a. If neces- 
sary, however, a’ may be calculated directly from (21a). 


Pis) =1:0;* b = (47) 
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SOME PRACTICAL APPLICATIONS OF QUARTZ RESONATORS. 
By G. W. N. CoBBOoLD, M.A., Associate Member, and A. E. UNDERDOWN, Graduate. 


(Paper first received Tth February, and in final form 25th February, 1928 ; read before the WIRELESS SECTION 7th March, 1928.) 


SUMMARY. 


Reference is made to the pioneer work of Prof. Cady and 
other early investigators. 

It is suggested that, in their practical application, quartz 
resonators may be almost invariably classified as ‘‘ frequency 
standards ” or “ frequency stabilizers,” but reference is made 
to other possible uses. 

A distinction is drawn between the case in which the 
resonator is used merely to interfere with the oscillations of 
an electrical circuit and the case in which the resonator is 
employed as a means of controlling the frequency of such 
oscillations. 

Reference is made to the various modes of vibration, to the 
effects of temperature, and to the shapes and dimensions of 
the resonators commonly used. 

The methods of cutting and grinding are referred to, and 
mention is made of the sources of supply. The various methods 
of mounting are considered. 

‘The manner in which frequency measurements have been 
made is described; and a comparison is made with other types 
of frequency standard. 

A résumé is given of some of the applications of quartz 
resonators that have already been described in the technical 
Press. 

An account is given of the practical application of quartz 
resonators carried out by the authors at the Army’s Signals 
Experimental Establishment, Woolwich. Some of the 
instruments containing them are described; and conclusions 
are drawn. 


INTRODUCTION. 


(1) Pioneer work.—The piezo-electric behaviour of 
small plates of crystalline quartz, which have been cut 
in proper relation to the crystal axes, was investigated 
by Prof. Cady of the Wesleyan University, Connecticut, 
U.S.A., and a record of his researches was embodied in a 
paper communicated to the Institute of Radio Engineers 
in 1922.* . 

Another early investigator in this field was G. W. 
‘Piercef ; and important papers were subsequently 
published by E. Giebe,i D. W. Dye,§ and others. 

(2) Frequency standards and frequency stabilizers.—In 
a paper submitted to the Radio Research Board in 
1923, D. W. Dye says that there appears to be “ a field 
of usefulness for quartz piezo-electric vibrators as fre- 
quency standards and as frequency stabilizers.” Those 
two terms may be said to cover practically the whole 
scope of the “ practical application of quartz resonators ” 

- in wireless work. 

Other uses have been proposed for them, e.g. as selec- 
tive couplings’ between successive valve stages in an 
amplifier and as “ rejectors ’’ whereby interfering signals 


* Proceedings of the Institute of Radio Engineers, 1922, vol. 10, p. 83. 
ot greta of the American Academy of Arts and "Sciences, 1923, vol. 59, 


P$ * zeitschrift far Physik, 1925, vol. 83, plas 
§ Proceedings of the Physical Society of ndon, 1926, vol, 38, p. 399. 


may be eliminated; but the authors are not aware that 
any great progress has been made at present in such 
directions, and it is only with their practical application 
as “frequency standards ” and as “ frequency stabi- 
lizers ”” that this paper is concerned. 

(3) Interference resonators and frequency-control reso- 
nators.—In the previous section the purpose for which 
the resonators are employed has been dealt with. We 
may now proceed to consider the manner in which they 
are used; and here a broad distinction may be drawn 
between the case in which the resonator is used merely 
to interfere with the oscillations of an electrical circuit 
and the case in which the resonator is employed as a 
means of controlling the frequency of such oscillations. 

The commonest examples of the first case are those 
known as the “ click ” method, in which the effect of 
the resonator is to cause a sudden change of frequency 
in a valve oscillator, and the “‘ crevasse *” method, in 
which the resonator is employed to absorb power from 
an oscillatory circuit—with maximum effect at a well- 
defined critical frequency. 

In the case in which the frequency is controlled, the 
resonator is incorporated in a valve circuit, in which 
retroaction exterior to the valve and apart from that 
due to the crystal itself may, but need not, be dispensed 
with. 

(4) Quartz oscillators. —When a valve and a crystal 
resonator are associated in such a way that self-main- 
tained oscillations occur, the frequency of which is con- 
trolled by the resonator, the complete circuit is generally 
referred to as a “ quartz oscillator,” 

Although other circuits have proved valuable for 
research work when studying the' behaviour of these 
resonators, it appears that for practical applications the 
quartz oscillator is likely to dominate Ene field of 
usefulness. 

(5) Shapes and dimensions.—The shapes camm 
employed are the rectangular parallelepiped and the 
solid cylinder (or disc). The diameters of the latter 
generally range between 10 and 25 mm, whilst the 
thickness ranges from about 0:5 mm to 6 mm. 

The former are usually either square plates up to about 
25 mm square by anything from about 0-5 mm to § mm 
thick, or else bars which are a millimetre or two thick, 
from 2 to 10 mm wide, and nt about 3 to 60 mm in 
length. 

(6) Cutting and onion —The normal manner of 


cutting a resonator from a block of crystalline quartz 


has been fully described by Prof. Cady and by D. W. Dye 
in the papers referred to above, but it is thought that 
a brief description should be included here. 

Fig. 1 illustrates the manner in which a rectangular 
bar is normally cut from a block of natural quartz. The 
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surface ABCDEF is at right angles to the optical axis, 
ZZ’. The three electrical axes are AD, BE and CF, 
and in the case illustrated the length of the bar, PS, 
is at right angles to the electrical axis AD. This per- 
pendicularity to one of the electrical axes is not essential, 
however; in fact certain advantages are claimed for a 
cut which departs from the perpendicular to a consider- 
able extent. 

The preparation of a crystal resonator entails two 
distinct processes: (1) cutting out the blanks, and 
(2) grinding. 

It is not proposed to deal in this paper with the 
mechanical process of cutting the blanks out of the 


RECTANGULAR BAR ty 


Fic. 1. 


blocks of natural quartz, except to say that it is advisable 
to get it performed by a first-class optical instrument 
maker. It may be pointed out, however, that the 
quartz must be carefully examined by optical methods 
before the blanks are cut out, in order that a portion 
of the block may be selected which is free from flaws 
and “twinning.” 

Full descriptions of the process of grinding the crystal 
have been given by A. Hinderlich * and by E. G. Watts.t 
An essential feature is the grinding down of the dimension 
which determines the natural frequency until the required 
value of this is obtained. | 

A convenient method of grinding consists of rubbing 
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the crystal on a plate of glass, with carborundum paste 
as the grinding material. During the early stages when 
an appreciable amount has to be removed from the 
length of the crystal, a coarse paste is used. In the 
final stages the paste must be very fine. When a fairly 
coarse paste is used, it is possible to grind 1 mm off the 
length of a bar crystal 1-5 mm thick and 5-0 mm wide 
in about 5 minutes. 

When the grinding process has been completed the 
crystal is cleaned with carbon tetrachloride or benzine. 

(7) Methods of mounting.—When in use ‘the quartz 
resonator is generally situated between two electrodes 
in the manner indicated in Fig. 2, although the air-gaps 
are often dispensed with. The same type of mounting 


* “ Quartz Crystals: Their Application to Wireless Circuits,” Experimental 


Wireless, 1927; vol. 4, p. 29. Ñ - 
t “ The Grinding of Quartz Plates,” Q.S.T., 1928, vol. 15, p. 27. 
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may be employed whether the quartz crystal is used as an 
interference resonator or is included in a quartz oscillator, 
but in the case of interference resonators a very appre- 
ciable air-gap is generally provided in practice; whereas 
in the case of resonators used in quartz oscillators the 
air-gap is usually either extremely small or altogether 
absent. 

When there is no air-gap, the crystal must not be 
clamped or rigidly held between the two electrodes; it 
is therefore usual either to fit a light spring to press one 
of the electrodes against the crystal or else to place the 
crystal on top of one electrode, and the other electrode— 
which must not be too heavy—on the top of the crystal. 

The type of holder described by Prof. Cady is generallv 
employed for interference resonators. 

In the case of quartz oscillators, one of the earliest 
types of holder was that described by G. W. Pierce * 
in which the crystal is placed in a hard rubber frame 
which constitutes the walls of the holder, the two elec- 
trodes forming the top and bottom of the box. Between 
one of the electrodes and the crystal a thin piece of 
spring brass is fitted for the purpose of exerting a slight 
pressure on the quartz. 

In a mounting adopted by the Bureau of Standards, 
U.S.A., a bakelite base is bored out to hold the lower 
electrode and the quartz plate, while the other electrode 
serves as a cover for the crystal. The electrodes are of 
nickel-plated brass, and there is an air-gap of 0-3 mm 
between the crystal and the upper electrode. 

Another type of holder consists of a short tube of 
insulating material threaded on the inside and carrying 
two disc electrodes, one of which is fixed whilst the 
other may be adjusted by means of a screw thread to 
give any desired air-gap. This holder has the advantage 
that the gap may be adjusted until the best performance 
is obtained from the crystal to be used in it, after which 
it can be sealed up. 

It has been found that when exposed to damp the 
crystals become less sensitive, and in some cases they 
have ceased to work for a time. In order to avoid 
this the crystal holders may be first thoroughly dried out 
in an electric oven and then bakelized over. A still 
better solution is probably to mount the crystal and 
electrodes in a vacuum tube. A paper has recently been 
published t by R. C. Hitchcock describing various types 
of mountings. l 

(8) Sources of supply.—Suitable blocks of crystalline 
quartz are found in Brazil and Madagascar, and occa- 
sionally in Switzerland, but the bulk of the best quartz 
for the purpose is drawn from Brazil. There are other 
crystalline substances besides quartz which can be 
used for the construction of piezo-electric resonators, but | 
although in some cases (Rochelle salt, for example) the 
piezo-electric effect is greater, there appears to be no 
material so well adapted for the purpose as quartz. 

(9) Modes of vibration.—Apart from overtones, every 
resonator has a possible mode of vibration associated 
with each dimension. Thus one of the bar crystals re- 
ferred to above has three normal fundamental modes, 
and the frequency is determined by the appropiiate 
dimension. | | 


* Proceedings of the American Academy of Arts and Sciences, 1923, vol. 59, p. 79. 
t Proceedings of the Institute of Radio Engineers, 1927, vol. 15, p. 903. 
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(10) Relationship between dimensions and fundamental 
frequencies.—When the method of cutting described 
above is adopted, the relationship between dimension 
and frequency is expressed approximately by 


l=2700/f ...... (1) 


where Z is the dimension in millimetres, and f is the 
associated fundamental frequency in kilocycles per 
second. 

If the corresponding. wave-length is A, in metres, the 
approximate formula is 


L= NULO . 2 2 2. (2) 


When the shovecientionsd method of cutting is 
departed from, changes occur in the constants of these 
formule. 

(11) Equivalent electrical network.—1It has been shown 
by Butterworth * that a mechanical vibrator associated 
with an electrical circuit may be replaced by an equiva- 
lent electrical oscillatory circuit coupled to the actual 
electrical circuit; and it has been demonstrated by 
D. W. Dye, in the paper to which reference has already 
been made, that this equivalence is accurately applicable 
in the casé of a quartz piezo-electric resonator. 
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Fig. 3 shows the equivalent circuit. Condenser Cg 
represents the effect of the air-gap. When there is no 
air-gap this capacity disappears, i.e. the points Y and Z 
are then short-circuited. 

The constants L, C, and R have been shown to be 
related to the dynamical properties of the quartz bar 
as follows :— 


L=aJB? ; = By; and R= f?/B* 
where Bis a constant and a, f, y are the constants of 
inertia, damping and restoration respectively in the 
fundamental equation of motion :— 


dy  pdy 
age + Pa t= Y 


in which y = displacement ; 
Y = displacing force = Be ; and 
e = e.m.f. between the two opposite surfaces 
of the quartz. 


- Thus a, Band: y are simply physical constants of the 
quartz, whilst B is an electro-physical constant which is 
proportional to the piezo-electric effect and is measured 


by the mechanical stress produced per unit of electrical 


field applied. 


* “Electrically Maintained Vibrations,” Proceedings of the Physical Society 
of London, 1915, vol. 27, p. 410. 


Van Dyke * gives the pal of the constants in the 
case of a typical crystal rod of natural frequency 90 kilo- 
cycles per sec. as follows :— .. 


L = 140 H; 

R = 16 000 ohms; 

Cı = 0-023 ppF; and 
Co = 3-569 uF. 


These figures show the very low effective decrement 
of the quartz resonator, which gives rise to the extreme 
selectivity obtainable. 

(12) Temperature coefficients —One of the advantages 
of quartz resonators is the fact that their temperature 
coefficients are extremely low. In the case of bars about 
1-5 mm thick and 1 or 2 cm long and cut out in the 
manner described above, the coefficients are found to be 
less than 10 parts in a million per degree Fahrenheit. 

(13) Comparison with other frequency standards —There 
are two other types of standard in use for the determina- 
tion of radio frequencies. One is the elinvar tuning fork 
which, when associated with a multi-vibrator, can be 
made to provide a series of standard points in the band 
of frequencies used in radio work. The other is the 
oscillatory electric circuit consisting of an inductance 
associated with a capacity. 

There is little doubt that the elinvar fork presents the 
most accurate standard available. The temperature 
coefficient is small and is exactly known, and the con- 
stancy of its frequency over a long period of time has 
been proved by comparison with a standard clock. 

Until recently the electric circuit has been used as 
the normal medium of standardization for radio fre- 
quencies. This has certain advantages, the most 
important of which is that it can conveniently be tuned 
throughout a band of frequencies so as to give an enor- © 
mous number of standard points instead of only a series 
of selected points here and there. The materials of which 
it has to be made are not, however, of the permanence 
of elinvar or quartz, and their temperature coefficients 
are very much higher. . 

1t would therefore appear that, although retaining its 
utility for sub-standard work, the electric circuit is not 
likely to compete successfully with the elinvar fork or 
the quartz resonator as a radio standard. On comparing 
these, however, the distinction is not so great. 

_ For national and international standards and for all 
standards of the very highest order, the fork will probably 
always be preferred. On the other hand there would 
appear to be a great use for quartz resonators as secon- 
dary standards, and this is likely to be the case especially 
in short-wave radio practice where the frequencies are 
enormously high in comparison with the frequency of a 
tuning fork. 

(14). Practégal applications already described in the 
Press.—During the past two or three years many articles 


. dealing with various applications of the quartz resonator 


have been published in the technical Press. The follow- 
ing are references to some of the more important. of 
these :— 
(a) In the Proceedings of the American Academy of aus 
* Physical Review, 1925 ,vol. 25, p. 895. 
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and Sciences (1923, vol. 59, p. 79) G. W. Pierce described 
a method of calibrating a series of wavemeters extending 
in range from 50 m (6 000 kilocycles per sec.) to 50 000 m 
(6 kilocycles per sec.) by means of harmonics from a 
crystal-controlled oscillator and a supplementary variable 
oscillator, an accuracy of about 1/10th of 1 per cent 
being obtained over the entire range. 

(b) In the Zeitschrift fur Physik (1925, vol. 33, p. 335) 
there is a paper by E. Giebe and A. Scheibe entitled 
** Optical Methods of demonstrating H.F. Longitudinal 
Oscillations of Piezo-Electric Crystal Bars.” This 
describes an interesting method whereby the oscillations 
of piezo-electric crystals may be rendered visible. A 
quartz-bar resonator and electrodes were mounted in a 
vacuum tube with a mixture of helium and neon. When 
an alternating potential difference of the exact frequency 
of the crystal was applied to the electrodes, a luminous 
discharge occurred on the surface of the crystal. The 
application of this phenomenon has been developed by 
the Loewe Radio Co. and incorporated in a convenient 
form of vacuum-tube resonator. 

(c) In the Wiveless World (1925, vol. 16, p. 630) E. 
Mallett and V. J. Terry described a method of measuring 
frequency by means of quartz resonators. The resonator 
is connected in parallel with an inductance coil which is 


in series with the anode of a 3-electrode valve, while | 


the grid and filament are connected to a calibrated 
oscillator. A valve voltmeter is connected .across the 


crystal, and voltage readings are taken for various values | 


of frequency slightly above and below that of the crystal. 
The resonant point may be very accurately determined 
from the curve obtained by plotting the above readings, 


and is defined by two lines intersecting nearly at right | 


angles. 
(4) In the Proceedings of the Physical Society of London 


£1926, vol. 38, p. 399) D. W. Dye gave a very full de- 
scription of the ‘‘ crevasse ** method of employing quartz | 


resonators; and the manner in which this may. be applied 
to the standardization of frequency is evident. 

(e) In the Proceedings of the Institute of Radio Engi- 
neers (1926, vol. 14, p. 447) A. Hund described an in- 
genious method whereby a quartz oscillator may be 
employed for the production of audio-frequency oscilla- 
tions. A crystal is cut with a very small step on one of 
its surfaces in such a way that the thickness of the two 
halves is slightly different.: Such a crystal can be made 
to produce two high-frequency vibrations simultaneously 
and the beats between these give rise to the desired audio- 
frequency oscillations. 

(f) The control of: the frequency of annie 
stations by means of quartz crystals has received much 
attention, and many broadcasting stations in America are 
now employing this form of control. In Germany ex- 
periments have been carried out by the Telefunken 
Co. on broadcast transmission from more than one station 
on the same wave-length. Many papers have been 
published concerning crystal control of transmitters. 
Some of these are described in Q.S.T. (1926, vol. 10, 
p. 21); also by C. W. Goyder (Experimental Wireless, 
1926, vol. 3, p. 717), L. B. Root (Q.S.T. 1926, vol. 10, 
p. 33), and A. Crossley (Proceedings of the Institute of 
Radio Engineers, 1927, vol. .15, p. 9). 


EXPERIMENTAL WORK. 


During 1925 the authors’ investigations were almost 
wholly concerned with developing the use of these 
crystals as “ interference resonators,” on the lines laid 
down by Cady. 

Since early in 1926, however, the development of 
‘ quartz oscillators ” has received much attention. The 
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preliminary experiments included : (a) An examination 
of the circuits proposed by Cady and Pierce and 
the variations of these circuits suggested by other 
investigators ; (b) attempts to modify these circuits 
with a view to permitting the use of a large air-gap 
between the crystal and the electrodes ; and (c) measure- 
ments of the effects of air-gap changes and temperature . 


. variations on the constancy of frequency. 


Fie. 5. 


In these experiments crystals of the “ bar ” type were 


` employed, measuring approximately 18-5 mm long, 


5 mm wide, and 1-5 mm thick, the width being parallel 
to the optical axis, and the length and thickness being 
respectively perpendicular and parallel to one of the 
electrical axes. 

The valves used were of the D.E.5 B type with voltage 


supplies of 6 and 100 volts, and of the A.R.3 (Army) 
type with voltage supplies of 2 and 48 volts. 
Superior results were obtained with the former, but 


the use of the latter proved ‘quite satisfactory, and, for 


the sake of economy of batteries, the instruments made 
have been designed for them. 
Figs. 4, 5 and 6 represent the first circuits tested. 


' A number of different crystals were used and the best 
_ results were obtained with the circuit of Fig. 6, control 
of the frequency by the crystal being obtained over a 
' range of 40° on the variable condenser C}, of maximum 


capacity 1 500 pF, which was equivalent to a change of 


wave-length in L,C, of about 30 per cent. The width 
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of air-gap for which these results were obtained was 
however extremely small, being of the order of 0-01 mm. 

A retroaction circuit, as shown in Fig. 7, was the 
next to be tried; and the results of experiments «with it 
were encouraging, for. not only could the air-gap be 
increased to 0-5 mm but the system was “ self-starting,” 
i.e. the oscillations were controlled immediately the 
filament current was switched on. 


In a further development of this circuit, shown in 


Fig. 8, the grid leak is replaced by an inductance coil, | 


and the tuning condenser is omitted. This is the circuit ` 


which has been adopted as the: basis de most of the 


apparatus described below. 


It was found that with. this peña) the air-gap ' 


could be increased to over 1 mm. 
144-5 KILOCYCLES PER SEC. 


t0 000 ¿2H 
Fic. 8. 


. The inductance values given in Fig. 8 are for a tal 
of natural frequency (in the longitudinal mode of vibra- 
tion) of 144-5 kilocycles per sec. (i.e. A = 2075 m), 
the natural frequencies of all three coils being appreciably 
above that of the crystal. 

In order ta obtain measurements of very small changes 
in the air-gap, a crystal holder with a` micrometer 

CRYSTAL, . 
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adjustment of gap was made, a sketch of which is shown 
in J'ig. 9. The electrode A is fixed, whilst B may be 
varied to give a gap from zero to 10 mm and is capable 
of being set to within + 0-01 mm 1 by means of the 
calibrated screw C. 

A series of tests were carried out with the object of 
acquiring some knowledge as to what extent the con- 
trolled frequency variéd in accordance with known 
changes in the constants of the circuits, with changes of 
air-gap, changes of temperature, etc. 

Except during the test in which the air-gap was being 
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deliberately varied, this was mantaingd at 1-2 mm 


throughout. 

(1) The crystal was placed close up to one of the 
electrodes, and the size of the air-gap between the 
crystal and the other electrode was varied by means of 
the micrometer adjustment, and frequency measurements 
were then made. 

The results obtained are given in Table 1. 


TABLE 1. 
a ; , 
mm kilocycles/sec. 
0-05 144-144 - These results show the 
0-10 144-205 ¡.relative importance of the 
0:25 144-312 | frequency change due to 
0:37 144-374 | slight changes in a small gap 
0:50 144-408 | of about 0-05 mm in com- 
0-62 144-434 | parison with the effect' of 
0-75 144-454 | similar changes in a wide gap 
0-87 144-472 | of about 1 mm 
1-00 144-487 
1-20 144-500 
1:30 — Valve ceased to oscillate 
TABLE 2. 
Opin | paa Remarks 
pF kilocycles/sec. 
0 144-500 An increase of capacity of 
10. 144-499 | 54 uuF across the coils pro- 
14 144-498 | duced a decrease in fre- 
28 144-497 | quency of 7 cycles, i.e. 
38 "144-496 | approx. l part in 20 000 
47 144-495 |. 
54 144-493 as 
TABLE 3. 
Inductance |p f 
Aa EE a 
pH kilocycles/sec. 
1 000 144-500 |. Fora 37 per cent increase in in- 
` | ductance of L, or L, or a 33 per 
2 000 144-500 | cent increase in Ls, a change of 
| only 1 cycle in 144-5 kilocycles 
¿144-499 | was observed ] 


3 000. 


(2) A small variable condenser was connected in turn 
across the three coils L,, Ly and Lg (Fig. 8), and measure- 
ments of frequency were made for various values of 
capacity. The results, which were practically the same 
for all coils, are shown in Table 2. 

(3) A variable inductance was connected in series 
with the three coils in turn, and the frequency was 
observed for various values of inductance. The results 
obtained are given in Table 3. o l 
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(4) Changes in the values of H.T. and filament current 
were then made; and it was found that a reduction of 
40 per cent in the former resulted in an increase of 
frequency of only 3 cycles, i.e. about 1 part in 60000. A 
10 per cent decrease of filament current caused a decrease 
of only 1 cycle. 


per sec. 


$ in frequency, in cycles 
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Fic. 10.—Frequency/temperature curve. (Fundamental fre- 
quency of crystal = 144:5 kilocycles per sec.). 


(5) The complete oscillator (except batteries) was 


placed in an electric oven and the frequency was measured — 


at various values of temperature between 56° F. and 


125° F. The results of this test are shown in Fig. 10, | 


which indicates a temperature coefficient of — 4 per 
million per degree F. 
(6) The change of frequency that results when a valve 
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Difference in oscillation frequency, 
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stystal = 144-5 kilocycles per sec. 


0 
140 160 ; 180 
Frequency of circuit, in kilocycles per sec. 
- (with resonator removed) 
Fic. 11.—Curve showing difference in oscillation frequency 
as a function of circuit frequency. 


200 


is changed for another of the same type but of different 
make was found to be very small, in fact never more than 
2 cycles per second. me ag 

(7) The extent to which the crystal-controlled oscilla- 
tion frequency is dependent upon the circuit conditions 
was further studied with the help of a small variable 
condenser connected in parallel with L, (Fig. 8). This 
permitted the natural frequency of the circuit, in the 
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absence of the resonator, to be varied from 190 to less 
than 100 kilocycles per sec. 

The results obtained were plotted and a curve was 
drawn. This is given in Fig. 11, in which the scale of 
abscissee is in kilocycles per sec., whereas the scale of 
ordinates is in cycles per sec. 

The minute variations in frequency of the controlled 
oscillations are shown as a function of the circuit 
frequency. 

Controlled oscillations at a frequency of approximately 
144-5 kilocycles per sec. were obtained for all values 
of the circuit frequency from 190 down to 145 kilocycles 


per sec. At this point they ceased and they were not 
obtainable at any frequency below that value. That is 
Ls 
0000000 
eE 
z 
Ly = a 


Fic. 12. 


to say, to secure frequency control the circuit frequency 
(in the absence of the resonator) had always to be more 
than the crystal frequency, but could be brought down 
to within about 0-5 per cent of it. 

It is evident, however, that a wide variation of circuit 
frequency is permissible; in fact a change of only 5 cycles 
per sec. in the oscillation frequency may accompany a 
change of 40 kilocycles per sec. in the circuit frequency. 

During the course of the experiments a quartz oscilla- 
tor was constructed, in which a number of small cry- 
stals were included. The arrangement of the circuit is 
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shown in Fig. 12. In this scheme the crystal holder was 
made to accommodate six small crystals all 1-5 mm 
thick, but varying in size from about 3 mm to 4 mm 
square and possessing fundamental wave-lengths of about 
300, 320, 340, 360, 380 and 400 m respectively. ` The 
two electrodes in this case were common to all crystals, 
as illustrated in Fig. 13; and the width of the air-gap 
was about 0:2 mm. 
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The crystals were put into operation in turn by means 
of the two switches S, and S,, the inductance of the 
tappings on coils Lg and L, having been so determined 
that the crystals would only respond to the appropriate 
settings of the switches. 

Another circuit constructed during the course of our 
experiments was a 3-valve arrangement, as illustrated in 
Fig. 14. Two stages of amplification followed the valve 
of the quartz oscillator, and in this way the resonator 
was made to control the frequency of the oscillations in 
a 25-watt valve supplied with 1 000 volts H.T. 

Methods of frequency measurement.—Perhaps it would 
not be out of place to make some reference to the manner 
in which the frequency measurements were made. 

The fundamental standard of reference used was a 
multi-vibrator wavemeter (N.P.L. design) embodying 
a valve-driven elinvar fork vibrating at 1 000 cycles per 
sec. The apparatus includes a low-frequency multi- 
vibrator of frequency 1 kilocycle per sec. and a high- 
frequency multi-vibrator which can be set to 19, 20 or 
21 kilocycles per sec.; and froin this are obtained high- 
frequency oscillations at any frequency between 100 and 
1 200 kilocycles per sec. which is a multiple of either 19, 
20 or 21 kilocycles per sec. 
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In order to measure the frequency (within the band 
from 100 to 1 200 kilocycles per sec.) of a high-frequency 
oscillator, a calibrated acoustic oscillator is used. The 
multi-vibrator wavemeter is first set to give a frequency 
in the neighbourhood of that of the high-frequency oscil- 
lator, an auxiliary high-frequency oscillator is set to 
the exact frequency of the multi-vibrator wavemeter, 
and the frequency of the acoustic oscillator is then 
matched, by the “‘ double-heat ” method, with that of 
the beat note obtained from the two high-frequency 
oscillators. The next step is to discover which of the 
two high frequencies is the greater, and then the value 
of the unknown frequency can 'be calculated. _ 


PRACTICAL APPLICATIONS CARRIED OUT BY THE 
AUTHORS. 


There are two main uses of quartz resonators as 
frequency stabilizers: (1) for test work, when measure- 
ments have to be made in which great constancy of 
frequency is required, and (2) for wireless transmitters. 

The authors have made considerable use of quartz 
crystals as “ interference resonators ” in test work, but 
no definite instruments have been designed for this 
purpose. 

With the problem of wireless transmitters they have 


not been concerned. It is with the use of quartz resona- 
tors as frequency standards in association with wave- 
meters that they have been primarily engaged, and a 
description will now be given of some of the apparatus 
that has been designed. 

The first case is an example of their use as “ interfer- 
ence resonators.” In the other three cases instruments 
are described in which the resonators are embodied in 
quartz oscillators. 


‘USE OF QUARTZ CRYSTALS WITH A NEON-TUBE 
WAVEMETER. 


Quartz resonators have been used as frequency 
standards in conjunction with a wavemeter consisting 
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of a simple resonance circuit as shown in Fig. 15 in which 
a neon tube is employed as the resonance indicator. In 


. this case some source of moderately powerful oscilla- 


tions is necessary in order to induce sufficient voltage to 
cause the neon tube to glow. 


Crevasse . 
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The resonance of the crystal is detected by an inter- 
ruption or “* blot-out ” of the glow, which is caused Dy the 
absorption of energy by the crystal. 

Fig. 16 illustrates what takes place. If the con- 
ductivity of the neon tube is ignored, the curve AEPRD 
shows the manner in which—in the absence of the 
resonator—the “alternating voltage builds up'in the 
wavemeter. The insertion of the crystal unit, which 
includes a crystal of natural frequency OM, results in 
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the appearance in the resonance curve of the crevasse 
POR, which indicates a maximum absorption of energy 
by the crystal at the point Q. The line KAD indicates 
the critical voltage at which a glow occurs in the peon 
tube incorporated in the wavemeter. 

In the absence of the crystal the neon tube glows all 
the time as the frequency of the transmitter is varied 
from A to D, the maximum intensity occurring at E. 
When the crystal is in use the glow suddenly disappears 
when the frequency of point B is reached, and reappears 
at the frequency of point C. In practice, BC repre- 
sents a very minute change of frequency, about 1 in 
10 000 perhaps. 

It may be noted that there is no need for ON and OM 
to be equal, although they must not differ by a great 
deal. All that is necessary is that KAD should intersect 
the crevasse and that the intersection should not occur 
too close to either A or D. 

A system of this description may “be employed to 
check the calibration of a wavemeter at as many points 
within its range as there are crystals provided; and 
incidentally the wave-length of a transmitter may there- 
by be set to. the exact frequency of any of the crystals. 

In the first design the crystals were kept in a little 
padded case when not in use, and an open crystal holder 
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was provided into which the appropriate crystal was 
placed when about to be used. In a later design a 
holder is provided in which four resonators, all of the bar 
type, are permanently enclosed, as indicated in Fig. 17. 

In practice a small variometer is connected in series 
with the earth lead of the transmitter in order to produce 
a very fine adjustment of frequency; this is necessary in 
view of the fact that the width of the “ blot-out * due 
to the crystal represents a tuning band of only about 
30 cycles in the case of a crystal of natural frequency 
about 300 kilocycles per sec. 

The following is the. procedure adopted when making 
use of.a quartz resonator to check the calibration of the 
wavemeter. The wavemeter is ‘set,- according to its 
calibration, to the exact value of the crystal and coupled 
to the transmitter, the latter then being tuned until the 
neon tube glows. The crystal unit is plugged into the 
sockets.and the wavemeter re-tuned slightly for optimum 
glow. The transmitter is then re-adjusted until the 


of the small variometer in the “ earth ” lead is approxi- 


mately, at its central position. The variometer is then | 


slowly turned to and fro, during which time the inter- 
ruption in the glow is looked for. When this has been 
found and the variometer tuned to the centre of the 


_ narrow band throughout which this interruption occurs, 
` the transmitter will be set at the exact frequency of the 


crystal. The wavemeter is then checked—after re- 
moving the crystal unit—by re-tuning for optimum 
glow. Of course, if the wavemeter calibration is much 


. In error, one or two points on the scale in the neighbour- 
. hood of the crystal frequency may have to be tried 
_ before the “ blot-out ” is found. 


USE OF Quartz CRYSTALS AS REFERENCE STANDARDS 


IN CONJUNCTION WITH A SuB-STANDARD WAVE- 
METER. 


A quartz oscillator E EA a set of seven quartz 
resonator bars has been designed for use with a sub- 
standard wavemeter which covers a range of wave- 


, lengths from 100 to- 4:800 m. This instrument is an 


oscillating valve wavemeter provided with a pair of 
telephone receivers by means of which the oscillations of 


' the wavemeter may be heard peaking with those of the 


quartz oscillator. 

By means of the seven wave-lengths corresponding to 
the fundamental frequencies of the longitudinal vibra- 
tions of the bars, and with the help also of their harmonic 


TERMINALS FOR CONNECTION 
TO WAVE METER UNIT 


derivatives, the wavemeter calibrations may be checked 
at a large number of points throughout its range. 

Fig. 18 is a schematic diagram of the quartz oscillator. 
The switch S} closes the filament circuit of the valve Vj; 
and the high-frequency transformer T, provides retro- 
action between the anode and grid circuits. The grid 
coil L, is tapped in order to facilitate the frequency 
control by the particular crystal selected, the selecting 
of the crystal and the appropriate tapping being done 
simultaneously on the switch S,. The exact position 
of the tapping point on L, for “any particular crystal 
is by no means critical ; in fact, it may be seen in 
the diagram that some of the contact studs on the 
coil side of S, are connected to a common tapping 


` point. The crystal holder H contains the seven quartz 
crystal bars. 


The approximate vavel corresponding to the 


' longitudinal modes of vibration of:these bars, which are 


' denoted by the letters A to G respectively, as shown on 


optimum glow of the neon tube occurs when the pointer the switch S, are as follows :— 


A i 1800m; D .. 1 300 m; 
B .. +. 1600m; E . 1200 m; 
C 1 400 m; F .. . 1100m; 

G.. „e «+ 1000 m , 


E E apne DN 
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There is one long electrode in the crystal holder H 
which is common to all the crystals and is connected to 
the grid of the valve arid one side of the coil L,. Seven 
small electrodes (one for each crystal) are also provided. 
These are connected to the seven stide marked A to G 
on the switch S,. 

The wave-length of each cereal has. been accurately 
measured, and a calibration chart is provided with the 


-- ee ee ee 


A schematic diagram of connections is shown in 
Fig. 19. Q is the quartz crystal resonator controlling — 
the frequency of the oscillations of the valve V,. The 
remaining three valves V,, V3 and V, provide tuned high- 
frequency amplification, rectification and low-frequency 
amplification, respectively. 

The required wave-length (basic) may be selected by 
means of permanently tuned circuits which are brought 
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instrument, kivine the fundamental wave-lengths ánd 
also all the harmonic derivatives, between 100 and 
4 800 m, to be obtained therefrom. 

The temperature coefficient for these crystals is less 
that 10 parts in a million per degree F.; but, in conse- 
quence of the method of mounting adopted in this 
instance, appreciable variations, which may amount to 
as much as 1 part in 10 000 at times, occur as a result 
of movements of the crystal within the holder. 

The quartz oscillator unit is normally connected up to 
the wavemeter with which it is used, the filament current 
and H.T. voltage being supplied to the three terminals 
by means of connecting straps from the wavemeter. 
The instrument may, however, be used separately, in 
which case the batteries would pe connected to the 
terminals as indicated. 


USE OF A QUARTZ CRYSTAL IN A WAVEMETER GIVING 
A SERIES OF WaAVE-LENGTHS THAT ARE ALL 
MULTIPLES OF 100 METRES. 


This apparatus -has been designed to facilitate the 
calibration of wavemieters and wireless receivers. It is 
intended to work in conjunction with a “ power oscilla- 
tor ” of about 10 watts, the wave-length range of which is 
from 500to 5000 m. As the scheme of operation involves 
the use of harmonics, it is essential that this oscillator 
should be roughly calibrated, to an accuracy, say, of 
2 or 3 per cent. 

The basic wave-lengths employed in the wavemeter 
are 400, 200 and 100 m; and in the instrument as at 
present designed a single quartz crystal is used. The 
wave-length corresponding to the fundamental frequency 
of its longitudinal vibrations is 400 m, so that the basic 
wave-lengths are, respectively, the fundamental and 
the 2nd and 4th harmonics. 


into action by the switches S; and Sy. "The 3rd harmonic 
is not made use of, as it gives a group of wave-lengths 
many of which are not multiples of 100 m. Its presence 
is therefore inconvenient and steps have been taken 
to weaken it as far as possible. This has been effected 
by the incorporation of an absorption circuit L,, C, 
(Fig. 19) of natural wave-length 133-3 m, which, when 
correctly coupled to L}, reduces the power of this 
harmonic.to about 25 per cent of its normal strength. 


TABLE 4. 

Basic wave-lengths 100 m 200 m 400 m 
CHS 500 600 800 
2.8 600. 800 1200 | 

t 4 z 700 1 000 1600 
33 800 1 200 2 000 
oS 900 1.400 2 400 
28 1 000 1 600. 2 800 

r bo 2 || 1100 1 800 3 200 
© || 1200. 2 000 3 600 
9 x 2 200 4.000 
ag 2 400 4 400 
-a 4 800 


. The power oscillator may be accurately set to the 
following wave-lengths : any multiple of 100 m up to 
1 200 m when the 4th harmonic of the crystal is selected, 
any multiple of ‘200 m up to 2400 m when the 2nd 
harmonic is selected; and any multiple of 400 m up to 
4 800 m when the fundamental Weve ngm is employed. 
This is illustrated in Table 4. 

Multiples of 100 m or 200 m may also be obtained up 


864 


to 4800 m, provided that the oscillator is sufficiently 
powerful. In this case it is desirable that the oscillator 
should be much more accurately calibrated, although 
this would not be necessary if the points obtained from 
the multiples of 400 m were first marked on the scale of 
the wavemeter being calibrated. 

Referring to Fig. 19, L,, Ly, Lg, Q and V} constitute 
the quartz oscillator circuit. There is no coupling 
between this circuit and the grid of the high-frequency 
valve V,, other than that provided by the batteries and 
wiring. 

The grid and anode circuits of the high-frequency valve 
may be tuned to select and amplify oscillations at a 
frequency corresponding to a wave-length of 100, 200 or 
400 m. The appropriate condensers are connected in 
parallel with their respective coils L} and L by means 
of the switches S, and S,. The harmonics from the 
power oscillator, together with the appropriate oscilla- 


CRYSTAL- CONTROLLED SELECTOR CIRCUIT 


OSCIL 


tions of the quartz oscillator, are amplified by the valve 
V, and passed on to the valve V, for rectification. The 
tesultant beat note is amplified by V¿ but this valve 
may be cut out by means of the switch Sg if the note is 
too loud. 

If variations of room temperature are ignored, an 
accuracy in calibration ranging from 0:02 per cent at 
500 m, to 0-2 per cent at 5 000 m, can be obtained when 
the “single beat” method is employed. When the 
“* double beat *” method is used the accuracy of setting 
may be greatly increased. 

When a high order of accuracy is required a correction 
to the frequency value of the crystal should be made for 
temperature variations, the coefficient being approxi- 
mately — 32 per million per degree F. 


USE OF A QUARTZ CRYSTAL IN AN INSTRUMENT GIVING 
A SERIES OF FREQUENCIES THAT ARE ALL MULTIPLES 
OF 1000 KILOCYCLES PER SEC. 


. This instrument, which is called a “crystal multi- 
vibrator,” has been primarily designed as a reference 


standard of radio frequencies from 2 000 to 15 000 kilo- | 


cycles per.sec., i.e. from 150 m to 20 m. In a later 
model the wave-length range has: been extended down 
to 15 m. It provides a convenient and accurate means 
of checking the calibration of continuous-wave wave- 
meters (or of adjusting the frequency of an oscillator) at 
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any integral multiple of 1 000 kilocycles per sec. within 
the above range. It can also be used for adjusting the 
frequency of a power oscillator to give wave-lengths 
of 300 m, 600 m, etc., and of other multiples of 150 m, 
100 m, etc., if required. 

With the exception of the 2-volt accumulator the 
whole apparatus, including a 48-volt battery and a pair 
of telephone receivers, is contained in a single wooden 
case. 

The system may be regarded as consisting of three 
parts, as follows :— 

(a) Crystal-controlled oscillator, which produces the 
harmonics. 

(b) Selector circuit, which selects and emphasizes thé 
desired harmonics and receives the incoming oscillations 
of the instrument under test. 

(c) Detector=amplifier, in which the oscillations are 
rectified and the resultant beat-note is amplified. 
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DETECTOR-AMPLIFIER 


A schematic diagram of the connections of the appara- 
tus is shown in Fig. 20. 

(a) Crystal-controlled oscillator.—This portion of the 
crystal multi-vibrator is shown on the left of Fig. 20. 
The oscillations generated by the valve V, are maintained . 
at a frequency of 1 000 kilocycles per sec. by means of 
the quartz crystal Q. The constants of the circuit are 
such that, in the absence of the crystal, uncontrolled 
oscillations are generated at a frequency of about 3 to 
5 per cent higher than the fundamental frequency of the 
crystal. Under these conditions the crystal takes con- 
trol immediately the valve is switched on, and will not 
cease to control until it is switched off. 

In order to provide a means of making small final 
adjustments to the circuit during the manufacture of 
the instrument and the final stages in the grinding of 
the crystal, a small variable condenser C, (about 10 pyF 
maximum capacity) is connected across the coil Ly. 
This condenser is adjusted by means of a screwdriver 
after a screwed ebonite plug located between the. two 
dials on the front of the panel has been removed. The 
correct setting for this condenser is found by experi- 
ment, the capacity being increased slowly (from the 
minimum value) until the point is passed at which the 
oscillations are immediately controlled by the a 
when the filament switch is closed. 

The quartz crystal is of the rectangular type, about 
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3 mm square and 1-5 mm thick, and vibrates longi- 
tudinally at its fundamental frequency. After being 
finally ground the crystal was completely encased in a 
robust holder which was dried out in.an electric oven 
and then bakelized over in order to exclude damp. 

The temperature coefficient was found to be practically 
uniform throughout the range of temperatures from 
55° to 125° F. and the value was found to be approxi- 
mately — 34 per million per degree F. The results 
obtained during a series of measurements, when the 
instrument was heated in, an electric oven, are shown in 
Fig. 21. 

The length of the crystal was ground down until the 
natural frequency was -1 000 kilocycles per sec. at some 
point within the above-mentioned range of temperatures. 
Subsequently, the exact temperature was observed at 
which the frequency of 1000 kilocycles per sec. was 
obtained. Both this figure and the value of the tem- 


n cycles per sec. 
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Fic. 21.—Frequency/temperature curve. (Fundamental fre- 
quency of quartz resonator = 1 000) kilocycles per sec.). 


perature coefficient are stated in a note pasted in the 
lid of the instrument. 

(b) Selector circuit.—This circuit, which is shown in 
the centre position of Fig. 20, is divided into three 
sections, thus providing three ranges of frequency as 
follows :— 


Range I : 2to 5 megacycles per sec.* (i.e. 2nd to 5th 
harmonic) ; 
Range II: 5 to 12 megacycles per sec.* (i.e. 5th to 


. 12th harmonic); and 
Range III: 11 to 15 megacycles per sec.* (i.e. 11th to 
- 15th harmonic). i 


The appropriate range is brought into operation by 
means of the switch S,. The harmonics of the controlled 
oscillations are passed to the selector circuit, the coupling 
being effected partly through the wiring of the instru- 
ment and partly by means of a very small fixed con- 
denser C,. | 

Range I consists of an inductance coil L¿, which is 
tuned by the variable condenser C, and connected 
through the switch S, (in position 1) to filament negative 
and one side of the grid condenser Cg. _ | 

Range II is tuned in the same manner as range I, 

is Ste - * 1 megacycle per sec. = 1 000 kilocycles per sec. 


but in this case position II of S, short-circuits part 
of L4. 

For range III a variometer Ly, Lg, is employed for 
tuning while the tuned circuit Ly, Cs, is disconnected 
by setting the switch S, in position III. The use of a 
variometer in this way—forming part of a series circuit— 
was found to be a good arrangement for increasing the 
strength of the high-order harmonics. 

When employing ranges I or II the variometer dial 
must be set to the position marked “ I and 11” so as 
to ensure that the inductance of the variometer has a 
small and constant value while these ranges are in use. 

The tuning dials are calibrated in megacycles per sec., 
but a frequency/wave-length conversion table is pro- 
vided and fitted in the lower left-hand corner of the 


panel. This is shown in Table 5. 
TABLE 5. 
Frequency Wave-lengths 
Megacycles per sec, m 

150-00 

3 100-00 

4 75-00 

5 60-00 

6 50:00 

7 42-86 

8 37:50 

9 33:33 

10 30:00 

11 27°27 

12 25-00 

13 23:08 

14 21-43 

15 20-00 


(c) Detector-amplifier.—The wavemeter to be checked 
is tuned until its oscillations beat with one of the har- 
monics of the crystal-controlled oscillations. The 
valve V, acts as a rectifier, and Vg as an amplifier of 
the beat note. The capacity of Cg is 100 uF and the 
resistance of the grid leak R} is 5 megohms. V, and 
Vg are coupled by means of the intervalve transformer 
T, and R, is a fixed resistance of about 2 ohms. — 


CONCLUSIONS. 


In conclusion it may be said that there is evidence on 
all hands of a wide field of usefulness having opened 
out for the application of quartz resonators in wireless 
work. 

This is perhaps particularly true when they are 
employed, primarily as frequency stabilizers, for the 
purpose of controlling the frequency of transmitting 
stations. i 

Their-use as frequency standards is, however, by no 
means insignificant. They are already being made use 
of by the National Physical Laboratory, at Teddington, 
and by the Bureau of Standards, of Washington, for 
the purpose of international comparisons; they have 
proved to be of considerable value in the laboratory both 


= = 


as standards aid as satabilizéres eat they appear to be 
suitable for issue to wireless stations for use as refer- 


ence standards, where a means of checking wavemeters 


is required. 
In comparison with forks of elinvar steel, quartz 


Tesonators possess the advantage that their natural . 


frequencies are well within the portion of the spectrum 


employed in wireless; whereas, in comparison with — 


standard electrical circuits consisting of inductances 
associated with capacities, they are more compact and 
constant, and of lower temperature coefficient. 

The temperature coefficient is extremely low, in fact 
less than 10 parts in a million per degree F. for longi- 
tudinal resonators in which the length is several times as 
great as either of the other dimensions. As the length is 
reduced, however, the coefficient increases until it may 
exceed 30 parts in a million when the three dimensions 
are all of the same order. 

With regard to the adjustment of the length of a 
crystal so as to bring the corresponding frequency as 
nearly as possible to a specified value, experience indi- 
cates that it is not unreasonable to set out to work 
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to within a l part in 10 000 if great care is taken 
and suitable measuring apparatus is available. 

The method of mounting the crystals is of consider- 
able importance, as the dependence of the frequency 
upon the dimensions of the air-gap and upon the presence 
of moisture has been clearly proved. In order to obtain 
the greatest possible constancy, it seems probable that 
the crystal should be mounted in vacuo; and it appears 
that, for best results, either blocks of fused quartz should 
be used as distance pieces between the electrodes, or 
else the air-gap should be dispensed with altogether by 
pressing one of the electrodes on to the crystal by means 
of a light spring. 

Finally the authors wish to express their thanks to 
Mr. E. V. Golder, who has assisted in much of the experi- 
mental work, and to Messrs. Adam Hilgers, Ltd., who 
supplied the crystals. 

Their thanks are also due to the Royal Engineer Board 
of the War Office, and to the Superintendent of the 
Signals Experimental Establishment, Woolwich, both 
for permission to publish this paper and for encourage- 
ment throughout the progress of the work described. 


DISCUSSION BEFORE THE WIRELESS SECTION, 7TH MARCH, 1928. 


Col.A.S. Angwin: The paper deals more particularly 
with the application of quartz resonators for precision 
measurement, in which constancy of frequency is of 
greater importance than a large output from the crystal. 
One apparent point of divergence between the two appli- 
cations is in the method of mounting the crystal. As the 
authors point out, for large power output an air-gap gives 
the best results, but if maximum output is attempted 
there is a tendency for sparking and consequent insta- 
bility to occur. By reducing the air-gap a point is 
reached at which it is possible to get quite a large output, 
but somethingless than the maximum. For these reasons 
the type of mounting which the Post Office has found to 
be most suitable for controlling valve generators is one 
employing a metal-to-metal contact, with a micrometer 
adjustment for varying the pressure contact. With this 
method of mounting it is possible to obtain an 80-watt 
output from a single valve with a crystal between grid 
and filament, and with a frequency of 3 000 kilocycles. 
With the circuit arrangement which the authors show in 
Fig. 14, I notice that three stages are employed to obtain 
a somewhat similar output with a frequency of 240 
kilocycles. The possíble explanation is the difference in 
the frequencies concerned. It would, I think, be of 
interest to know whether the additional stages in this 
arrangement are necessary Owing to the lower frequency 
used. With regard to the statement on page 857 and 
also in the conclusion which the authors draw as to the 
relative constancies of elinvar forks and quartz resona- 
tors, I am not quite sure whether the authors are not a 
little conservative in their estimate of the possibilities 
of the quartz oscillator as a frequency standard. In the 
last number of the Proceedings of the Institute of Radio 
Engineers (1928, vol. 16, p. 137) a description is given of 


a quartz-controlled oscillator constructed in the Bell ' 


Telephone Laboratories which has maintained a con- 


stancy of frequency of the order of 1 part in a million | 


tested over a period of about 10 days. That seems to be 
an order of accuracy which is at least as good as that 
given by any elinvar fork. Of course it is appreciated 
that in order to get that constancy of frequency with the 
quartz oscillator it is essential that it should be main- 
tained under fairly constant temperature, but that is not 
very difficult to ensure, and I think that on the whole the 
conclusions of the paper indicate that there is a great 
possibility in the use of the quartz resonator for obtaining 
orders oí accuracy which are at least comparable with 
that obtained from the elinvar fork. The authors use 
the term “* multi-vibrator ’’ in the arrangement shown in 
Fig. 20. . I think the generally accepted use of that term 
is that first evolved by Abraham and Bloch in which the 
circuit used is not really an oscillatory circuit at all, but 
the periodicity of operation is dependent upon the 
capacities and resistance, and possibly the arrangement 
described by the authors might be more correctly referred 
to in the more general terms of.‘ crystal-controlled 
harmonic generator’’ as distinct from the particular 
form known as the “‘ multi-vibrator.'”” Another point on 
nomenclature arises. On page 866 the authors speak of 
“ longitudinal resonators in which the length is several 
times as great as either of the other dimensions.” There 
is possibly some little uncertainty there as to the meaning 
of the phrase “ longitudinal resonator.” In Cady”s paper, 
to which the authors refer, such oscillators are described 
as -transverse oscillators, the distinction being that 
longitudinal oscillators are defined as those in which 
oscillation takes place in the direction of the applied 
electric field, and transverse oscillators those in which 
the oscillation takes place perpendicular to the applied 
electric field. On page 863 there is possibly a misprint. 
In speaking of the quartz oscillator the authors say: 
“The wave-length of each crystal has been accurately 
measured, and a calibration chart is provided with the 
instrument, giving the fundamental wave-lengths and 
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also all the harmonic derivatives, between 100 and 
4 800m, to be obtained therefrom.” I think it is 
possible that. 4 800 should read 1 800, being one of the 
fundamentals and not a harmonic derivative. If it is 
not so, I am not quite clear as to how the figure 4 800 is 
derived. | 

Lieut.-Col. C, J. Aston : In the part of the paper 
dealing with their experimental work, the authors give 
some figures showing the variations in frequency caused 
bychangesof temperature, air-gap and circuit conditions. 
These figures suggest means whereby the frequency of 
a quartz oscillator may be deliberately adjusted to a very 
fine degree of accuracy, more easily perhaps than by fine 
grinding. In certain circumstances it is desirable to 
adjust the wave frequency of each of a group of wireless 
stations to almost exactly the same value, so as to enable 
a receiver to keep watch for several transmitters without 
searching. Also, the use of a very constant oscillator 
the frequency of which can be varied within fine limits 
is needed if superheterodyne methods of reception are 
desired. A quartz crystal may have advantages for this 
application. The process of grinding quartz crystals 
becomes progressively more difficult and consequently 
more expensive the smaller the tolerance in frequency 
the maker is allowed. By making use of such variations 
as can be produced by temperature-changes, etc., it may 
be possible to match the frequency of a number of 
crystals very closely without resorting to the expensive 
process of accurate grinding. 
maintenance of frequency is necessary, some form of 
thermostatic control seems to be essential in order to 
eliminate the effects of ordinary atmospheric tempera- 
ture-changes. It should not be difficult to adjust the 
temperature until the desired frequency is accurately 


Obtained, and then to set the thermostat to maintain that | 


temperature. Quartz-crystal makers can measure fre- 
quency to an accuracy of 1 part.in 1 000 with ordinary 
resonance wavemeters, but to get a finer degree of 
accuracy expensive apparatus is needed. With quartz 
having a variation of 30 parts per million per 1 deg. F., 
Aa variation of 33 deg. F. will suffice to produce a change 
of 1 partin 1000. It may therefore be possible to allow 
makers a tolerance of 1 in 1 000 in cases where tempera- 
ture control can be applied to the crystal oscillator. The 
authors have, to my knowledge, tested some 10 speci- 
mens of quartz between about 60° F. and about 120° F., 
between which limits the variation of frequency with 
temperature has followed a straight-line law. It there- 
fore appears that most quartz has practically a straight- 
line frequency coefficient. Nevertheless it is interesting 
to note that in one specimen tested there were three 
sudden jumps of frequency at well-defined points within 
these limits; the quartz produced a very effective 
oscillation at about 60° F., this becoming less and less 
effective as 80° F.'was approached, when a sudden 
change of several hundred cycles in frequency took 
place, accompanied by effective oscillation again at the 
new frequency. A similar phenomenon occurred at 
about 100° F. This effect has not yet. been investi- 
gated and may have been due to a defective piece. of 
quartz, but it may serve as a warning that care may be 
peeded if temperature control is to be utilized. The 
authors also make reference to variations in frequency 


In cases where accurate . 


of a quartz resonator caused by varying the air-gap 
between the electrodes or the capacity in series with the 
crystal, and this appears to be another way of adjusting 
the frequency of an oscillator to an accurate value. It 
has been found, however, that in the case of the air-gap 
there is an optimum spacing at which oscillation is 
greatest; this phenomenon may be due to the influence 
of waves in the air in contact with the vibrating quartz 
which have a damping effect on its mechanical oscilla- 
tions. In practice we have found that for oscillator 
circuits it is perhaps best to use no gap at all. On 
page 855 the authors refer to the proposed use of quartz 
crystals as selective couplings between valve stages and 
as rejectors. These proposals are interesting. A short 
test made at Woolwich of the former seemed to indicate 
that the damping of a quartz crystal may be so small 
as to cause it to act somewhat as a band-pass filter too 
narrow to allow speech to pass. Possibly there may be 
means of increasing and controlling the logarithmic 
decrement—_I do not know. If there is any method of 
controlling the logarithmic decrement (for instance by 
increasing the electrode pressure) I suggest that a quartz 
crystal might be usefully employed as a band-pass filter. 

Mr. H. J. Lucas: The authors have apparently utilized 
very freely the longitudinal mode of vibration for the 
purposes of control.. This is contrary to the usual prac- 
tice, as control can be much more easily obtained from 
the transverse mode of vibration. Have the authors 
obtained oscillations with the longitudinal mode in the 
circuits shown in Figs. 4and 5? In all the other circuits 
some form of extraneous reaction is used. In view of 
the fact that the crystal is very liable to exercise control 
on frequencies other than the fundamental, the use of 
reaction in control circuits is generally, to be discouraged. 
In fact no guarantee can be given that the set will start 
up on any predetermined ftequency. This may not 
apply to longitudinal vibration, for as a rule the funda- 
mental is very marked, with no vibration of the same 
order near the fundamental period. In the case of 
transverse vibration, one frequently finds quite a number 
of periods round the main fundamental of approximately 
the same amplitude as the fundamental, and with 
reaction it is a matter of chance.as to which of these 
exercises control. 1 should like to point out that a 
neon-tube wavemeter exactly similar to that referred 
to on page 861 has been in use since 1924, This may or 
may not anticipate the authors’ instrument. I am 
particularly interested in the authors’ work in the use 
of the crystal. as a fundamental frequency standard. 
Personal experience has shown that a quartz resonator 
used as a frequency standard by means of the. Cady 
crevasse method has an accuracy not greater than 1 part 
in 3 000, and within these limits it is extremely unstable 
both with regard to frequency and logarithmic-decrement 
changes, these changes being introduced by:a mere tap 
of the crystal-holder. With these limitations it is 
obviously no competitor of the elinvar tuning-fork. 
Investigations showed that these inaccuracies were due 
to three causes, and. when these were eliminated a 
standard was produced which was at least as useful 
and accurate, as the .elinvar tuning-fork, . The 
principal cause of these. errors was found to.be variable 
frictional loading. This was eliminated by firmly 
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supporting the crystal at a nodal zone of displacement. 
This accounted for the major portion of the previously 
noted errors. Further errors are caused by variable 
dielectric losses due to atmospheric humidity. If the 
crystal is breathed upon, it ceases to oscillate. The third 
cause of error is air loading. The two latter were met 
by desiccating agents, and finally by evacuation. The 
final product was a frequency standard which could be 
adjusted to within 1 part in 10000. Owing to the 
considerable improvement in decrement obtained and 
the complete stability of the standard, its period can be 
determined to within 1 part in a million for a resonator 
with a period of 100 kilocycles. Further, they can be 
constructed at a relatively low cost for any convenient 
point in the frequency spectrum used by the high- 
frequency engineer. The temperature coefficient is of 
the order of 1 part in a million per 1 deg. C., and hence 
is negligible under working conditions of the laboratory. 
For these reasons this type of crystal has proved more 
useful than the elinvar tuning-fork. It must be empha- 
sized that this comparison applies only when the two 
pieces of apparatus are considered as fundamental 
standards under no-load conditions—the only fair 
comparison of such standards. The considerable im- 
provement in the decrement obtained by the method 
enables the crystal to be used in the longitudinal mode of 
vibration with air-gaps of the order of 1 mm for control 
purposes. In these circumstances the generated fre- 
quency has a value within 1 part in 10 000 of the natural 
period of the crystal. 

Mr. T.G. Hodgkinson: Have the authors measured 
for any of their crystals the electro-physical constant B 
referred to on page 857? A point raised by Col. Angwin 
and noted by Mr. Lucas appeals to me as important, 
and that is the necessity for clearing up the question of 
nomenclature for the different modes of vibration of 
piezo-electric crystals. In the literature of the vibrations 
of bars the transverse modes are the bending modes, and 
I think that this meaning should be adhered to. 
Normally, I take it, the true transverse or bending modes 
are not maintained in oscillation, but possibly with an 
asymmetrical distribution of the applied electric field 
they might be excited. The overtones of bars vibrating 
in the longitudinal mode are harmonic to the funda- 
mental. Is it possible to make a crystal support oscilla- 
tion at the frequency of its harmonics? If this could 
be done the design of short-wave oscillators would be 
simplified to some extent. 

Mr. S. J. Underhill: I think it is important that it 
should be decided very soon which is the longitudinal 
and which the transverse vibration. It has been sug- 
gested that the longitudinal vibration is the vibration 
perpendicular to the direction of the electric field, but 
I think that Cady used the opposite notation. Some 
ruling on this point should be made and adhered to in 
order that there may be no confusion in the future. Mr. 
Lucas has raised the question of the mounting of 
oscillators and resonators: that is a very important point, 
and one that should always be taken into consideration. 
I can confirm his statement that breathing upon the 
crystal will cause it to stop oscillating. The material 
used for the mount must be of the very best quality, 
and the mount should be carefully designed, especially 


so in the case of a dust-proof mount which totally 
encloses the crystal. If poor material is used, or if the 
mounting is badly designed, the. efficiency falls off 
considerably. The question has been raised as to whether 
any work has been done with crystals in which steps 
have been cut. I would say that such crystals have 
been made; indeed, in making crystals for a frequency of 
more than 3 x 106 cycles it is not easy to grind them to 
the requisite accuracy to avoid two frequencies being 
generated simultaneously, even when the quartz is pure. 
When the quartz is impure the crystal very frequently 
“ sings,” as one part of the crystal is oscillating at one 
frequency and another part of. the crystal, of equal 
mechanical thickness, is oscillating at another frequency, 
but not at such a different frequency that the beat note 
between the two is outside the audio-frequency range. 
When the beat note is outside the audio-frequency range 
nothing is heard, but the defect makes itself manifest, in 
that the control is unstable and tends to jump from one 
frequency to another as the circuit conditions are altered. 

Prof. J. T. MacGregor-Morris : In Table 1 there is 
a set of measurements giving the connection between 
frequency of oscillations and the length of the air-gap 
in series with the crystal. What evidence have the 
authors that the constancy of the frequency of oscilla- 
tion is reliable when there is no air-gap? Those of us 
who are interested in measuring resistances of samples 
of insulators and who have to make measurements of 
those insulation resistances with direct current and also 
with alternating current know the great difficulty there 
is in getting a really good contact between the specimen 
and the electrode. Dr. Dye has found with certain 
insulators for permittivity measurements that it is much 
better to make the measurement with a definite air-gap 
than to attempt to avoid the air-gap altogether. 
I very much doubt whether the air-gap is ever got rid 
of, and so I should like to ask what methods are em- 
ployed when attempting to get the electrodes into real 
contact with the quartz. Alternating-current measure- 
ments of capacity and resistance show that there is a 
definite capacity and a definite resistance at that contact. 
Therefore I do not think that Fig. 3, in which a condenser 
C, is in series between Y and Z, is a complete statement. 
That condenser should at least have a resistance in 
parallel with it to simulate the behaviour of one of these 
gaps. I think that a searching test would be to remove 
a crystal from the electrodes and discover how nearly 
the frequency can be repeated when the crystal is 
replaced. From Table 1 it will be seen that when the 
gap is reduced from 1 mm down to 0:1 mm the change 
in frequency caused by a change of air-gap of 0-01 mm 
varies as follows :— 


1-0 mm air-gap 1 cycle per sec. 
0 > 5 ry} 2 a0 
0 R 1 > 7 N 


so that the rate of variation of frequency with small 
changes of air-gap increases very rapidly as the gap is 
reduced, and this suggests that uncertainty as to fre- 
quency would almost inevitably result when the air-gap 
is ostensibly, but not actually, reduced to nothing, for 
in such a case the two components would, of course, 
stick together. 
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Mr. E. B. Moullin : I should like the authors to say 
what considerations govern the size of their crystals in 
the two dimensions not principally concerned with the 
desired fundamental frequency. The limits of size and 
shape of their crystals are described in section (5) on 
page 855 and the size is much larger than 1 should have 
expected, having had no practical experience of their 
use. Section (10) implies to me that the mode contem- 
plated is compared with the free longitudinal vibration 
of a long, thin bar, but the plates used have sides much 
larger than their thickness, which, 1 imagine, is the 
dimension regulated to give the required frequency. 
I am surprised that there is a reasonably constant 
relation between the thickness and the wave-length of 
the electrical vibration generated ; I should have expected 
that it would also have depended on the length of a side 
of the plate. An elongation in one direction is always 
accompanied by a contraction in the two mutually 
perpendicular dimensions, of an amount depending on 
Poisson's ratio for the material. The motions due to 
these sideways contractions will possess kinetic energy, 
which I should have thought would greatly have modified 


the fundamental frequency. The longitudinal motion 


accumulates with the length of the rod, while the side- 
ways contraction does not, and hence the longer the rod 
the less important becomes the lateral inertia. For this 
reason I should have thought it advisable to make the 


- shape of the crystals approximate more closely to that 


of along‘rod. It may be that the mechanical difficulties 
of grinding require that the surface area of the crystal 
shall be not smaller than those used, or again it may be 
that the required vigour of response prohibits the volume 
of the crystal from being less than some definite amount. 
I should like to know whether the two dimensions which 
do not mainly determine the frequency are chosen for 
either of the two reasons I have just stated or whether 
they have been adopted fortuitously. 
CaptainP.P.Eckersley : The more and more accurate 
establishment of frequency standards is extremely 
important. Some years ago accuracies of 1 per cent or 
2 per cent were sufficient for ordinary stations. To-day, 
particularly in the field of broadcasting, accuracies of 
the order of 1 in 10000 are desirable if mutual inter- 
ference between stations is to be avoided. The authors 
mention comparative tests as between tuning-forks and 
crystal for maintaining a frequency standard. They also 
mention that certain American stations use a crystal 
drive for maintaining an absolute frequency standard. 
In my opinion both the crystal and the tuning-fork are 
useful in maintaining standards for measurement. 
Neither the tuning-fork nor the crystal is necessary, 
except in exceptional cases, for actually “* driving ” and 
thus maintaining constant frequency at transmitting 
stations. For instance, by using the drive and separator 
at 5GB it has been established that variations of not more 
than 100 cycles in 600 000 cycles take place. Itis, how- 
ever, essential to have some standard wavemeter both 
at the broadcasting station and at some central point 
which is able continuously to check the accuracy of the 
wavemeter in the station. The method successfully 
adopted for broadcasting stations in Europe has been to 
equip a control centre at Brussels, which even at great 
distances is able to check the wave-length of stations 
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using sub-standard wavemeters. The method adopted 
at the control centre at Brussels is interesting and has 
some bearing on the authors’ work in connection with 
crystals, inasmuch as it was found necessary in the 
interests of accuracy to rely mainly upon the tuning-fork 
to do cross checks with crystals. The method of working 
is extremely simple, involving a heterodyne wavemeter 
which is made to beat at a certain frequency with the 
carrier wave of the station to be measured. This 
frequency is made coincident by zero beat method with 
a tuning-fork. The heterodyne wavemeter is then read. 
The condenser of the wavemeter is then changed so as to 
beat on the other side of the resonance curve. This beat 
is made also coincident with the tuning-fork of the 
distant station, and the wavemeterisread. The midway 
point between the two readings gives the frequency of 
the station. The heterodyne wavemeter is continually 
checked by a standard tuning-fork and multi-vibrator. 
This tuning-fork has an accuracy of 1 part in 100 000 
and was calibrated at the National Physical Laboratory. 
By this means a 1-kW station 1 000 miles distant from 
the contro! centre is able to be measured with an accuracy 
of at least 200 cycles in a million. Calibrated crystals 
have been used further to check wavemeters, but they 
have not been relied upon as standards. The work of 
establishing the wavemeter in Brussels and the methods 
adopted for its calibration have been due to M. Divoire 
of the University of Brussels. 

Mr. B. Williams: The experience of the Royal Air 
Force with quartz resonators and oscillators for radio- 
frequency work dates back to 1923, when Prof. Cady 
visited Farnborough and demonstrated the remarkable 
properties of quartz crystals. The response frequency of 
a special crystal, which was also measured at the N.P.L. 
and subsequently at standards laboratories in Italy and 
Austria, was measured—the object being a comparison 
of radio-frequency standards in America and Europe. 
Subsequently various adjuncts to wavemeters were 
devised and there has been in operation at the Air 
Ministry Station at Kidbrooke for some years a neon- 
lamp wavemeter on the lines of that described in the 
paper, with the difference that the crystals were ground 
down to the definite wave-lengths allotted to the trans- 
mitter, and the latter set on its wave-length by means 
of the “ crevasse ’’ method described. Developments in 
quartz oscillators of the types shown in Figs. 4 and 5 
were retarded owing to the difficulty of obtaining good- 
quality quartz, and unsuitable cutting and grinding. 
The circuit of Fig. 6 was evolved for the production of 
laboratory standards of frequency. The minute varia- 
tions of frequency due to variation of condenser C 
and air-gap were studied, and the final adjustment of 
frequency was made not by grinding but by adjustment 
of either of these factors. Some work was done on the 
use of quartz for high-frequency couplings, and a highly 
selective amplifier for a definite frequency was produced. 
The very low damping restricted the keying speed at the 
frequency used (about 100 kilocycles) to not more than 
10 words per min. The selectivity was such that it 
was possible to operate a relay by a change in transmitter 
frequency of 1 part in 10000. Later work has been in 
connection with quartz oscillators of the type shown in 
Figs. 4 and 5 with crystals cut in a special manner and 
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operating on a fundamental frequency of about 4000 
kilocycles. 

Mr. M.G. Scroggie: I should like to ask the authors 
whether, in studying the behaviour of quartz oscillators 


with an air-gap, they observed any variations in equiva- 


lent electrical properties of the crystal due to supersonic 
air waves set up in the air-gap space. The arrangement 
seems analogous to that of the air column in a loud- 
speaker horn which acts as a load on the diaphragm and 
can be expressed in equivalent electrical quantities. If 
the length of the horn is varied when the diaphragm is 
vibrated at a fixed frequency, the load due to the air 
column varies periodically as resonance points are passed 
through, One would expect something of the same sort 
to occur with quartz oscillators when the air in the gap 
.resonates to the frequency of the quartz vibrations. 

Mr. C. W. Goyder (communicated): The authors 
have employed the longitudinal mode of vibration of the 
crystal throughout. There would seem to be several 
points of difference between the operation of crystals as 
longitudinal oscillators and transverse oscillators. The 
most evident is the use of electromagnetic reaction 
between the plate and grid circuits of the crystal oscilla- 
tor in the former case, as shown in the paper. It is 
generally accepted that such reaction in crystal oscillators 
employing the transverse mode of vibration is inadvisable 
and, in fact, quite unnecessary for crystals of good 
quality. The use of reaction in this case may cause 
several oscillation frequencies in the vicinity of the 
fundamental, serious frequency-changes due to the rapid 
variation of damping effected by any feed-back from 
following amplifiers, and mechanical fracture of the 
crystal due to excessive voltages. The several oscillation 
frequencies may be explained by the great difference in 
area of the active vibration surface in the cases of 
longitudinal and transverse vibration of the crystal. 
For the former case, used by the authors, the vibration 
surface is roughly 5 mm by 1:5 mm, a small area which 
will move as a whole. In the case of the transverse 
oscillator, the crystal is generally 1 in. square, the active 
surface is very much greater and there is no reason to 
suppose that it will always move as a whole. Owing to 
the varying thickness, or imperfect quality of the quartz, 
various areas of the crystal may oscillate independently 
at slightly different frequencies. Reaction, by reducing 
the overall damping, will assist other less prominent 
frequencies besides the fundamental to be maintained 
simultaneously. It would therefore appear that, for 
frequency standards, quartz crystals employing the 
longitudinal mode of vibration would be more reliable. 
A fault common to the majority of crystal oscillator 
circuits (such as that shown in Fig. 5) is that the oscilla- 
tion amplitude of the crystal is not under control. To 
obtain maximum power output it is desirable to work 
without grid current and to employ a high voltage on 
the plate to furnish sufficient grid base. There is, how- 


ever, no simple method of adjusting the oscillation 


amplitude of the crystal to conform to the required 
conditions. In practice, the oscillation builds up until 
grid-current damping or saturation limits the output. 
In one case where a high-quality 90-m crystal was 
connected in the circuit shown in Fig. 5, but using a fixed 
grid bias, the voltage generated by the crystal varied 


from 150 to 250 volts, depending upon the plate voltage. 
The resultant voltage in the plate circuit was hardly 
greater than this, indicating considerable over-excitation 
of the grid. Solutions of this difficulty are partial neu- 
tralization of the circuit, added resistance in the plate 
lead, etc. When such damping is employed the 
plate circuit may be tuned more accurately to the 
resonant frequency of the crystal, and hence a larger 
power output is obtained without danger of fracturing 
the crystal. That the plate circuit cannot be tuned 
exactly to resonance, but must be tuned to a frequency 
slightly above this in order to present the inductive 
reactance to the circuit required to maintain oscillation, 
is clearly shown in Fig. 11. I should be very interested 
to know whether the authors have compared the power 
output obtainable from crystals operating on high and 
low wave-lengths. It has been stated that the maximum 
power output obtainable from a crystal is on approxi- 
mately 100m.* The power output falls off as the 
wave-length increases, and the difficulty of obtaining 
ready oscillation increases. The repeated use of reaction 
in the oscillators shown in the paper would seem to 
corroborate this. In connection with the generation of 
audio-frequency beats by employing stepped crystals, 
this does occur only too often unintentionally in the case 
of crystals using the transverse mode of vibration, owing 
to the effects previously mentioned. In one instance a 
beat note was audible on rectification of the crystal 
output, and also a beat note of the same frequency 
coming directly from the crystal. Can this be attributed 
to interference between the two supersonic sound waves 
generated by the crystal, or to the electrostatic stresses 
on the crystal-holder? Although it is evident that 
crystals are not necessary for controlling the frequency 
of broadcasting stations under skilled control, surely 
their employment in the many European stations where 
this is not the case would be beneficial. One of the most 
useful applications of the crystal is in telegraphic stations 
operating throughout from an a.c. source without a 
rectifier, each stage consisting of two valves working 
alternately on each half of the a.c. cycle (the “ self 
rectification circuit’’). The independence of the crystal 
frequency with respect to voltage makes this possible. 
It is a method widely used by American commercial 
stations, 

Mr.G. Shearing (communicated): Although the paper 
is confined mainly to the use of quartz crystals for the 
measurement of frequency, I think that their use for the 
control of transmitter frequency is of equal importance, 
and especially is this the case for short-wave trans- 
mitters. In this case the quartz crystal fulfils two 
important functions, for not only does it definitely limit 
the frequency to a narrow band determined by the actual 
variations of the quartz crystal and its associated air-gap, 
but, in addition, it prevents circuit frequency variations 
of a more transient nature which would otherwise occur 
with variations in filament and anode supply voltages. 
The multi-vibrator wavemeter is probably unsurpassed 
as a standard of reference, but the quartz resonator 
appears to fulfil the requirements as a sub-standard 
better than any other type of instrument. It is mainly 
in connection with the use of quartz crystals arranged as 
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transverse resonators for frequency stabilization of 
short-wave transmitters that I have had personal 
experience, for which purpose they have the advantage 
that their fundamental frequency may be such that only 
a small frequency step-up is required. The variation in 
temperature-coefficient values with geometry of the 
quartz are very great. The figures given emphasize 
the importance of temperature control at the higher 
frequencies of the order of 1000 kilocycles. As regards 
the electrical circuit, a recent paper by Horton and 
Marrison * describes the use of a condenser shunting the 
crystal whereby electrical circuit-changes with tempera- 
ture have no effect on the frequency. The crystal- 
holders described in Figs. 13 and 17 would appear to be 
such that considerable variations in the air-gap would 
occur with change of temperature, and better results 
might be obtained by the use of spacing arrangements 
such as that afforded by the use of invar or of fused 
silica as proposed by Dye,j whereby the air-gap can be 
kept constant with temperature variation. The circuit 
of Fig. 5 has been employed by Meissner | for frequency 
control of transmitters, and he favours its use. My 
personal experience, however, is more in favour of the 
use of some retroaction, but in our case the reaction 
employed is insufficient of itself to start up oscillatory 
current. In this way good frequency control has been 
obtained for average crystals. We have, however, 
obtained excellent results with a relatively small propor- 
tion of crystals when using the circuit of Fig. 5. The 
authors do not refer to the matching of crystals to a given 
frequency value, and it is in this connection for short- 
wave transmitters that our greatest difficulties have been 
experienced. The question as to the best method of 
adjusting crystals to a definite frequency value is one on 
which I should like the authors to remark. In connec- 
tion with grinding a crystal, we have observed the very 
great importance of having the two surfaces optically 
plane and parallel for good frequency control. 

Messrs. G. W. N. Cobbold and A. E. Underdown 
(in reply) : With regard to the question of nomenclature 
raised by Col. Angwin and other speakers, it would 
appear to be unwise to classify resonators as “ longi- 
tudinal ” or “ transverse,” seeing that various modes of 
oscillation are possible in every case. Regarding these 
modes of oscillation we are in agreement with Capt. 
Hodgkinson when he maintains that the meanings which 
have been used in past literature on the vibrations of 
bars should be adhered to. This means, of course, that 
a longitudinal vibration results from the transverse 
piezo-electric effect, but as this is an accurate description 
of both the electrical and mechanical action there should 
be ro objection to it. For those who wish to restrict 
the term “ multi-vibrator ” to the particular arrange- 
ment devised by Abraham and Bloch the use we have 
made of it will appear objectionable, but there is much 
to be said for the view that any harmonic generator, in 
which not one individual only but a group of harmonics 
are made use of, may be properly termed a “ multi- 
vibrator ” apart from distinctions as to the precise 
nature of the circuit used. 

Regarding Fig. 14, the circuit was constructed during 
our early experiments and no attempt was made to 
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obtain maximum power output from a single valve. 
There is reason to believe, however, that additional 
amplification is necessary for the lower frequencies if the 
risk of fracturing the crystals is to be avoided. 

With regard to the harmonic derivatives referred to 
by Col. Angwin, the figure 4 800 is correct, the term 
“ harmonic derivative,” as distinct from ‘‘ harmonic,” 
having been used to cover both the case when B is a 
harmonic of A and when A is a harmonic of B. Thus 
the 4 800-metre point is obtained when its third har- 
monic. beats with the fundamental frequency of the 
1 600-metre crystal, 

In reply to Mr. Lucas's inquiries, controlled oscilla- 
tions with the longitudinal mode of vibration were not 
obtained in the case of the circuit shown in Fig. 4 when 
working with long bar crystals, but a certain degree of 
control was obtained with the circuit of Fig. 5. With 
regard to the use of reaction, we have not experienced 
any trouble as a result of this when using crystals on 
their longitudinal modes of vibration. 

In reply to Mr. Hodgkinson, we have made no 
measurements of the electro-physical constant B. 
Attempts have been made to produce controlled oscil- 
lations at the frequencies of the harmonic of a crystal, 
but without success. 

Prof. MacGregor-Morris's remarks regarding the diff- 
culty of altogether getting rid of the air-gap are of great 
importance. We have no evidence that the frequency is 
constant when there is no deliberate air-gap ; in fact, 
in all our designs we have made use of as large an air- 
gap as possible. The addition of a resistance in parallel 
with C, in Fig. 3 would probably give a more accurate 
representation of the case when the deliberate use of an 
air-gap is avoided. i 

With regard to Mr. Moullin’s inquiries, the area of 
cross-section of the crystal which is perpendicular to the 
dimension controlling the frequency must be large 
enough (1) to provide for the requisite amount of energy 
storage, and (2) to resist tendency to fracture under 
operating conditions. With a view to keeping down the 
cost, the area will not exceed what is required by these 
conditions by more than a reasonable margin of safety. 

Captain Eckersley is to be congratulated on the high 
order of constancy maintained by the station 5GB, but 
it is evident from the jamming that occurs between 
certain Continental broadcasting stations that such 


accuracies are not maintained everywhere. 


In reply to Mr. Scroggie, we:have not experienced the 
variations in properties to which he refers in the case of 
bar crystals. working on long wave-lengths ; and, regard- 
ing Mr. Goyder’s query, we have not made any com- 
parative measurements of power output from crystals 
over a wide band of wave-lengths. 

Mr. Shearing’s suggestion that fused silica or other 
material of low coefficient of expansion should be used 
for spacing-pieces between the electrodes would certainly 
lead to a higher order of accuracy being obtained, to 
the extent that this is dependent upon changes in the 
size of the air-gap. The matching of crystals, in so far 
as we have been concerned with the problem, has been 
carried out by careful grinding, but it would appear that 
the methods of adjustment proposed by Col. Aston would 
be valuable, particularly in cases where maximum power . 


| output is not demanded. 
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AN ACCOUNT OF THE WORK OF THE PETERBOROUGH RADIO RESEARCH STATION OF 
THE DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH. 


By Professor E. V. APPLETON, F.R.S, 
(Paper received 15th March, and read before the WIRELESS SECTION 4th April, 1928.) 


SUMMARY. 


Some methods of investigating the characteristics of down- 
coming wireless waves, developed at the Peterborough Radio 
Research Station, are described. The results of the applica- 
tion of these methods to wave-lengths within the broadcasting 
band are summarized, and their bearing on the nature of 
signal fading is discussed. Asa detailed example of the use 
of these methods the observations made on the occasion of 
the solar eclipse on the 29th June, 1927, are given. 


INTRODUCTION. 


The first indication that atmospheric electricity 
played any part in wireless propagation was the discre- 
pancy between the signal intensities observed in long- 
distance transmission and the calculated values deduced 
from the electromagnetic theory of the diffractive 
bending of waves round a sphere. Thus the evidence 
on which the original conducting-layer theories of 
Kennelly and Heaviside were based was, to some 
extent, indirect. From the intensive study of wireless 
propagation over short distances, both during and after 
the war, further discrepancies between experience and 
simple theory became manifest, and again the same 
agency, namely, atmospheric ionization, was con- 
sidered as a possible cause of the variance between theory 
and practice. The discrepancies encountered in short- 
distance transmission took the form of temporal varia- 
tions of signal intensity and of directional errors, and 
further study of both these effects has resulted in direct 
proofs of the existence of the Kennelly-Heaviside layer, 
and evidence as to its height and diurnal variation. 

A study of the nature of signal fading at short dis- 
tances formed part of the programme of investigations 
proposed by the Propagation of Waves Committee of 
the Radio Research Board, and in September 1925 the 
Post Office wireless receiving station at Dogsthorpe, 
Peterborough, was taken over for such experiments. 
The present communication deals with the methods 
developed at that station for investigating the nature 
of downcoming waves such as are responsible for signal 
variations and directional errors, and includes an example 
of the results obtained by these methods on the occasion 
of the total solar eclipse on the 29th June, 1927. 


THE NATURE OF THE PROBLEM OF SIGNAL VARIATIONS. 


The fact that nocturnal variations of signal intensity 
take place is well known to broadcast listeners situated 
between 100 and 150 miles from an emitting station. 
For such conditions the variation in signal intensity is 
so marked as to be noticeable in the audible response 
of telephones or loud-speakers. The application of 


galvanometric methods has, however, demonstrated 
the existence of small signal variations, which are quite 
undetectable in telephones, at much shorter distances 
from the emitting station than 100 miles. There is an 
advantage in working at the shorter distances, in that for 
such cases there is a strong ground wave of fairly con- 
stant intensity, which may be used as a kind of 
reference ray in terms of which the intensity of the 
interferent rays causing fading may be specified. This 
advantage has been utilized in most of the experiments 
carried out at the Peterborough station. 

In accordance with the ionized-layer theory we attn- 
bute these signal variations to the variable nature of 
waves deviated through large angles by the upper 
atmosphere, and we must therefore consider the simul- 
taneous reception of ground waves and one or more sets 
of downcoming waves at a receiving station. In 
keeping with the theory of the origin of directional 
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NoTE.—The X axis is at right angles to the paper. 


errors suggested by Eckersley * and Bellini,f we assume 
that the downcoming waves possess components of 
electric force both in and at right angles to the plane of 
propagation. 

Let O in Fig. 1 be the site of a receiving station at 
which a ground wave (with electric and magnetic 
amplitude vectors Ey and Hy respectively) and down- 
coming waves, incident at angles ¢,, fp. etc., are 
received. The-downcoming wave incident at an angle 
ġı may be resolved into its two components, one 
(E,, H) with electric vector in the plane of propagation 
and the other (Ei, H’ 1) with electric vector perpendicular 
to this plane. The corresponding vectors for the wave 
incident at an angle ¢, are (Ey, H,) and (E, Ho) and so 
on. For the wave-lengths we are considering we can 
regard the ground as approximating to a perfect con- 
ductor, so that the downcoming waves are reflected there 
with but little loss of amplitude. 


* T. L. Ecxersiry : Radio Review, 1921, var 2, pp. 60 and 231. 
$ E. BELLINI: Electrician, 1921, vol. 86, p. 2 20. 
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The electric and magnetic forces at O may therefore 
be written 


Eg = 0, H, = Hosinwt + 2H, aC 
+ 2H, sin (wt + ba) + . 
E,=0, H,= 2H, cos ġ sin (wt + 81) 
+ 2Ho cos do Sin (wt + 65) +... (1) 
E, = Esin wt + 2H, sin ty sin (wt + 0,) | 


+ 25, sin @, sin mg Pk Fs 
and H 


where w is the angular eee of the waves and 


6,, 01, 8, 02, etc., represent phase differences between 
the ground wave and the various components of the 
downcoming waves. Our problem is to investigate the 
characteristics of downcoming waves by measurements 
made on the electric and magnetic forces at the point O. 
Direct intensity measurements of Hz, H, and E, are 
obviously insufficient to enable us to determine the 
various unknown quantities in (1), even were we to 
restrict our considerations to a single downcoming ray, 
in which case the unknown quantities would be Hp, H, 
Hi, $, 0 and 0”. The problem is not, however, hopeless, 
if advantage be taken of the effect of changing the trans- 
mitter wave-length continuously through a small range. 
To a method of solution involving this artifice we now 
turn. 


DETERMINATION OF CHARACTERISTICS OF DOWNCOMING 
WAVES. 


We begin with the simplest problem of all, namely, 
the reception of signals on a loop situated in the plane 
of propagation. We picture the single downcoming 


Signal current 
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or H, = Ho sin wt’ + 2H, sin (wt? + 0), . . (3a) 


where 9 = noe eee 
c À 
Let us now suppose that the signal electromotive force, 
which is proportional to H,, is amplified linearly and 
rectified by a detector having a ‘‘ square-law ” charac- 
teristic (i.e. for which ¿= Bu, where ¿ and v are current 


A being the wave-length. 
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and potential and f is a constant). The mean signal 


current 7 is then given by 
= A(H) + 4Hi + 4HoH,cos6) . . (4) 


where A is a constant. 

Experimental curves illustrating the variations of 7 
during sunset and night-time periods have previously 
been given, while an example of a sunrise curve for the 
Manchester B.B.C. transmitter recorded at Peter- 
borough on the Ist July, 1927, is shown in Fig. 3. Now 
the fact that signal variations take place on such a loop 
at night indicates that either H, or cos@ (or both) 
must be changing, if we assume, as seems reasonable for 
a first approximation, that Hg remains constant 


5-0 5-30 


Fic. 3.—Signals from Manchester received at Peterborough, Ist July, 1927 (A = 385 m). 


ray as having been deflected by the ionized layer at the 
point B in Fig. 2. The magnetic force H, linked with 
the loop at O may be written 


A, = H, osin w(t — =) + 2H, sin w(t — =) . (2) 


where a and a’ represent the optical paths TO and 
TBO respectively, and c is the velocity of electro- 
magnetic radiation in free space. If, now, we write 


D=a'—a and ť =t — ac, 
equation (2) becomes 
D 
H, = Hosin wt’ + 2H, sin w(t = >) . . (3) 


: wave-length gradually. 


During the day-time the signal current for the conditions 
we are considering remains constant, and we take this 
to indicate that H} is negligibly small compared with Hp. 
Thus, if ¿y and ip represent the night and day signal 
currents respectively, we may write 


2 
2 =1+4(7)) + 471 cos 0 A UB) 
D 0 


Even if we regard the ratio H,/Hy as a single variable 
we have still two unknowns and only one equation. 
Thus by intensjty measurements of this type we are 
unable to determine H,/Hy and cos 0. 

Let us now consider the effect of changing the emitted 
In the case of a slow diminu- 
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tion of wave-length the value of w gradually increases, 
so that @ passes in order from the fourth quadrant to 
the first. When @ alters by 27 the signal current iy 
passes through a maximum and a minimum value. 
The number, n, of signal maxima (or minima) 
encountered in a change of wave-length from A, to A, is 
evidently 


je i Oe 
277 
where 6, = 27DJA, and 0, = 2D/A,, 
so that A dE. Se ce: w 8) 


Thus, if we assume D to be approximately constant for 
the small change of wave-length we are considering, we 
may, from the experimentally determined value of n, 
find D and thus the value of @ in (3a) for any particular 
value of A. From (5) we may then, knowing 0, find 

H,/Ho. Or we may proceed in a somewhat simpler 
way without knowing the day-time value of signal 
current. A signal maximum M, artificially produced 
by the wave-length change, indicates that @ is 0, 27, 
4r, etc., while a minimum value m indicates that 0 is 
a, 377, 57r, etc. Thus from (5) we have 


2H, y (Mim) — 1 
Ho y(Uim+1' 


from which the relative strengths of downcoming ray 
and ground ray can be calculated. 

Almost similar considerations apply to the determina- 
tion of ¢,, the angle of incidence. If we study signal 
variations on an aerial set and on a loop set simulta- 
neously, we can find ¿yfip for both receivers. The 


(7) 


respective expressions may be written (2) and (=) : 

D/A D/L 
Since the aerial responds to E, and the loop to Hz we 
may show that 


E 
7D/ A 


which, together with 


a” 
tD/L 
again demonstrates the ci of solving the 
problem by simple intensity measurements, for we 
have three unknowns and only two equations.* Again 
the artifice of changing the wave-length enables us to 
reduce the number of variables. If the signal maxima 
are recorded either simultaneously or in rapid succession 
on the loop and aerial sets we can, by using only 
measurements at maximum and minimum values, get 
two equations similar to (7), namely :— 


ELN B. 
1 + a(g sin q) + 477 sin d,cos§. (8) 


1+ (2 2) + a cos § [equation (5)), 


2E, sind, _ FP V(U[m — i] (9) 
i _V(Mim) + lJaeia ` 


2H, _ [VEU [m) — J 
77 a/(M]m) + 1_}roop Teqn. (7)] 
* When H;/Ho is small an approximate solution may be obtained, as h 


been previously shown (Proceedings of the Royal Society, A, 1927, vol. 115, 
p. 297). The present treatment is general. 


and 
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so that, since E,/[E, is equal to H,/Ho, we get 


y (Mim) — 1 
y/(M/[m) + 1 Jaeria] 
y (Mim) — | 
a/ (MIm) + 1 lLoop 


In this way @, may be found. | 

For the complete eee oe of the downcoming 
ray, we need to know H,/Ho, H’;/Hy, $, 9 and @’. By 
studying only the signal variations on a vertical aerial 
and on three loops (arranged, say, in the plane of propa- 
gation and at 45° to it on both sides), we are able to 
make only four equations for our five unknowns. But if 
a wave-length change is made we may confine our 
attention to maximum and minimum values and again 
obtain solutions.* 

We may therefore summarize the advantages of the 
wavelength-change method as follows :— 


sin $, = (10) 


(a) It enables us to solve the problems mentioned 
above which are not soluble by simple intensity 
measurements. 

(b) It does not require a knowledge of the strength of 
the ground ray. 

(c) It is a very sensitive test of the presence of 
downcoming rays, especially when the latter are 
weak, 

(d) It enables us to estimate the path differences 
between the ground wave and the atmospheric 
wave, and thus to find the equivalent height of 
the ionized layer. 

(e) The records demonstrate at once the simultaneous 
reception of two atmospheric waves if the rays 
have different optical paths. 


As some compensation for these advantages, we have 
to assume that during the wave-length change the 
downcoming waves do not alter in polarization, in- 
tensity or phase, except in so far as the last-men- 
tioned is artificially altered by the es alteration 
itself. 

Although no doubt it would be possible io get a com- 
plete record of the variations in the characteristics of 
the downcoming waves during an appreciable period, by 
taking a continuous record of the interference maxima 
and minima recorded on various aerial and loop systems 
simultaneously, the apparatus and recording assembly 
would become somewhat complicated. It is therefore 
desirable to have methods by means of which the 
temporal variations of the intensities of the two com- 
ponents of the downcoming wave may be studied. 
Fortunately, this is possible. To receive signals due to 
the normally polarized component Æ, we may use a 
loop and aerial combination possessing a polar reception 
diagram of cardioid form. In this case, if the assembly 
is adjusted to cut out the ground ray during the day- 
time, only the downcoming wave is received at night 
and its intensity variations may be studied directly. 
To receive signals due to the abnormally polarized com- 
ponent H), a vertical loop at right angles to the plane 
of propagation is used. 

* See Proceedings of the Royal Society, A, 1928, vol. 117, p. 576. 
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EXPERIMENTAL DETAILS. 


Very little need be said about the apparatus used, 
since a good deal of it would be already familiar to those 
acquainted with modern high-frequency technique. 
The wireless receiver used consists of a high-frequency 
amplifier followed by a simple rectifier and galvano- 
meter. For the wavelength-change experiments it is 
necessary to have an amplifier which is approximately 
** flat” over the wave-length range (e.g. over a range 
of 10 m about a mean wave-length of 400m). In this 
connection resistance-capacity amplifiers with low inter- 
electrode capacity valves have been found suitable. 
For studying the temporal variations of signal current 
due to transmissions of constant wave-length, neutro- 
dyne amplifiers have been found satisfactory. For the 
rectifying system a stable crystal detector has been 
used because of its simplicity and the absence of gal- 
vanometer current when zero signal is received. More 
recently a valve detector possessing all the advantages 
of a crystal has been incorporated into some of the sets. 
This arrangement is illustrated in Fig. 4 and is, in effect, 


H.E 
amplifier 


FIG. 4. 


a sensitive valve voltmeter. The diagram is so drawn 
as to emphasize that the arrangement is a Wheatstone 
bridge assembly which is. balanced when no signal is 
received. The special advantage of the system is that 
a sensitive galvanometer may be used without fear of 
damage, for, if the valve filament burns out, no current 
flows through G. An anode battery may be included if 
necessary. 

For recording natural signal variations due to a con- 
stant-wavelength transmission, a Pye galvanometer 
with a 5-second period has been used, together with a 
Cambridge drum camera. For recording signals received 
during a wave-length change, which is usually made to 
take place in about 5 seconds, a Cambridge Einthoven 
galvanometer has been employed. 


SoME EXPERIMENTAL RESULTS AND CONCLUSIONS. 


The general study of downcoming waves by the . 


methods described, in experiments carried out during 


the last few years, has led to the following general . 


conclusions regarding the nature of fading. 

(1) Fading is due to the effects of variable rays 
deviated by the upper atmosphere. This is proved by 
the combination of two results. 
fact that interference maxima and minima are obtained 
when the wave-length is changed indicates the presence 
of two sets of waves, one of which must be the ground 
wave. Secondly, the fact that the interference maxima 
are bigger when signals are received on a loop aerial 
than on a vertical aerial indicates that one set of waves 
reaches the ground with an angle of incidence less than 
477; in other words, that one set of waves comes down 


In the first place the | 
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from above. These experiments therefore give us a 
proof of the existence of the ionized layer. 

(2) Measurements made of the equivalent height * of 
the ionized layer during the dark hours show that for 
most nights, after sunset, the height gradually increases, 
reaching its maximum value about an hour before 
sunrise, when a somewhat rapid change takes place, 
the height being reduced to the lower day-time value. 
After sunrise the intensity of.the downcoming ray is 
so much reduced that determinations of the height by 
these methods become increasingly difficult. During a 
normal night the height may vary from 90 to 130 km, 
but on occasions, in winter, heights of an entirely dif- 
ferent order of magnitude, namely, 250 to 350 km, 
have been frequently measured during the three hours 
before dawn. On these occasions, after the large 
values for the height have been recorded for two or 
three hours, a discontinuity in the series of values 
occurs 30 to 40 minutes before sunrise, and heights of 
the normal value are again recorded. These observa- 
tions seem to indicate that there are nights when, 
during the period before dawn, the ionization in the 
Kennelly-Heaviside layer has been sufficiently reduced 
by recombination to permit of its penetration by waves 
of this frequency. Deviation takes place, however,. at 
an upper layer which is richer in ionization. With 
the advent of sunrise, at a height of 100 km or so solar 
radiation causes the formation of the Kennelly-Heaviside 
layer again, and deviation by the lower layer again 
takes place. The normal fall of the under-boundary of 
the lower layer then follows, as the more direct solar 
influence increases the region ionized. As the day 
proceeds, the observations suggest that another region 
of ionization is formed below the Kennelly-Heaviside 
layer which, while causing attenuation of the waves, 
does not very materially affect the height at which they 
are deviated. 

(3) A special study has been made of the nature of 
the changes in the characteristics of downcoming waves 
which are the cause of nocturnal signal variations. In 
this connection we have to contemplate the possibility 
of changes in (a) angle of incidence, (b) intensity, 
(c) phase and (d) polarization of the downcoming waves. 
Now simultaneous records show that every signal 
variation on a vertical aerial is accompanied by a 
corresponding variation on a loop, so that no signal 
change is found to be due simply to a variation in the 
angle of incidence Py) although the measurements do, 
indeed, show that large variations of ¢, take place. 
By studying simultaneously signals received on a 
vertical aerial and on the suppressed ground-ray system, 
it is possible to show that changes in the intensity of the 
downcoming waves (“intensity fading”) are more 
frequent than changes in the phase difference between 
ground and atmospheric waves (‘‘ phase fading”). 
By taking simultaneous records on the suppressed ground- 
ray systemf and on a loop the plane of which is at right 
angles to the plane of propagation, the variations of the 


intensities of E, and E, have been studied. Now if 


* This may be determined by a simple calculation either from the value of 
D, the path difference between ground and atmospheric waves, or from 1, 
the angle of incidence of the downcoming waves. 

This is a convenient term for an assembly possessing a polar reception 
sensitivity diagram of cardioid form. 
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rotation of the plane of polarization were taking place, 


we should expect E, to be reduced as i; increased, and 
vice versa. It is, however, found that approximately 
similar intensity variations take place for both of these 
vectors, so that we may conclude that rotation of the 
plane of polarization is not responsible in any marked 
degree for signal fading on these wave-lengths. Thus, 
on the whole, the observations show that intensity 
variations and, to a lesser degree, phase variations are 
the chief causes of signal fading. 

(4) Experiments have been made to determine as 
completely as possible the nature of the polarization of 
the downcoming wave, i.e. to find the constants of 
ellipticity E,/E, (or H,/H;) and 0” — 0. These experi- 
ments show that the ratio of the axes E. ¿Er is usually 
approximately unity, while 0” — @ is about 477, so that 
the downcoming wave may be described as approxi- 
mately circularly polarized with a left-handed rotation. 
It seems possible that this left-handed rotation is 
caused by the influence of the earth’s magnetic field, 
but the matter cannot as yet be regarded as com- 
pletely settled. A critical test would be to repeat the 
experiments in the Southern Hemisphere, in which case 
the resulting polarization would be right-handed if the 
effect is due to the earth’s magnetism. 

We can incorporate these results to simplify equations 
(1) for a single downcoming ray as follows:— 

Ez =0, Hz = Hosin wt + 2H, sin (wi + 6) 

E, = 0, H, = 2H, cos ġ cos (wt + 0,) 

E, = Ey sin wt + 2H, sin gd, sin (wt + 0,) 

and H, = 0 
These equations, which embody the fact that the down- 
coming ray is circularly polarized with a left-handed 
rotation, may therefore be used to show the correlation 
which exists between directional errors and fading. 

To illustrate the kind of records that are being made 
at Peterborough, the observations made on the occasion 
of the solar eclipse last year have been chosen as typical. 
These are described below. 


. (la) 


OBSERVATIONS ON THE OCCASION OF THE SOLAR ECLIPSE, 
29TH JUNE, 1927. 

These measurements were made on special trans- 
missions from the stations of the British Broadcasting 
Corporation, which were arranged by the Chief Engineer 
of the Corporation, Captain P. P. Eckersley. These 
special transmissions were of two types:— 


(i) Transmissions of an unmodulated carrier wave, the 
wave-length of which could be changed continu- 
ously through a small range with but small varia- 
tion of amplitude. Such transmissions took 
place from the Newcastle and Birmingham 
B.B.C. stations, and were used for the special 
measurements of the type described above. 

(ii) Transmissions of a carrier wave of constant ampli- 
tude, unmodulated except for the announcement 
of time signals. The signal variations at various 
distances were studied by observers using gal- 
vanometric methods. Such transmissions took 
place from the London and Manchester B.B.C. 
stations. 


Quite early in the preparations for the eclipse series 
of experiments it was pointed out by Dr. E. H. Rayner 
that, if the vagaries of wireless reception were due to 
the influence of an ionized layer situated at a consider- 
able height above the ground, the total eclipse at such 
a height would not take place in the same region of 
England as the eclipse at the ground, because of the low 
altitude of the sun at the time of the eclipse. An 
accurate computation by Dr. Comrie showed that the 
intersection of the moon’s shadow with a surface con- 
centric with the earth and at a height of 60 miles would 
be situated above a belt lying 100 miles south-east of 
the central eclipse track on the ground. Dr. Comrie 
also pointed out that, at a height of 60 miles, the 
centre of the shadow would pass across England in 
2 minutes, beginning at 5.20 a.m.* and thus leave the 
east coast before the centre of the shadow at the earth's 
surface had arrived from the west at the Welsh coast 
(5.23 a.m.). Since observations made with transmission 
of type (i) can be made within 5 seconds, and also 
yield much fuller data than do simple signal measure- 
ments, it was decided that such transmission should 
be used to investigate whether there were any marked 
differences between the phenomena experienced in the 
region of eclipse at the ground and in the region of 
eclipse at the ionized layer. The positions of the 
B.B.C. transmitters left little choice in the matter of 
sites for such tests, and accordingly the phenomena in 
the region of eclipse at the ground were studied, using 
the Newcastle transmitter working in collaboration 
with a receiving station at the Liverpool University 
engineering laboratory, using an aerial and other 
facilities kindly provided by Prof. E. W. Marchant. 
For similar observations in the region of eclipse at the 
ionized layer the Birmingham transmitter was used with 
the Peterborough Radio Research Station as the 
receiving station. 

Observations on the transmissions of type (ii) were 
made at St. Albans, Nottingham, Peterborough, 
Newcastle-on-Tyne, Giggleswick and Aberdeen. 

All transmissions were on wave-lengths within the 
broadcasting range, that is, between 300 and 500 m. 

By the kind co-operation of the Inspector of Wireless 
Telegraphy of the General Post Office, arrangements 
were made for shore-to-ship working to be reduced to 
the minimum necessary in case of distress signals, and 
all ships were invited to refrain as far as possible from 
transmitting on the morning of the eclipse. The 
result of this was that unusually favourable conditions 
were obtained for the experiments, so that at Peter- 
borough, where the more elaborate measurements 
were made, there was not, during the eclipse period, 
the slightest interruption of observations due to ships. 
There was, however, considerable interference at times 
due to foreign broadcasting stations. 

The observations made on both types of transmission 
will now be described, and, to reduce the number of 
cross-references, the more detailed discussion of any 
series of observations is given with the observations. 
A short, general discussion of the agreement between 
the results of the different sets of measurements then 
follows. 

* All times are Greenwich mean time unless otherwise stated. 
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EXPERIMENTAL RESULTS. 


(a) Observations at Peterborough on the Birmingham 
transmissions.—These observations were made by Dr. 
M. A. F. Barnett and the author, with Mr, R. D. Gander 
acting as assistant for the photographic work. Using 
the wavelength-change methods described above, the 
following quantities were determined :— 


(1) A,/Ho, the ratio of the intensity of the normally 
polarized component of the downcoming wave 
to that of the ground wave. This was deduced 
from the amplitude of the “ fringes ” recorded 
when the loop aerial was used. 

(2) The equivalent path difference, D, between 
ground and atmospheric rays, from which the 
height of the deviating stratum can be calculated 
by simple triangulation. 

(3) The angle of incidence ¢, of the downcoming 
waves. This was deduced from the relative 
amphtudes of ‘the “ fringes’’ recorded, using 
the loop and vertical aerial in rapid succession. 


Many measurements of this type have previously 
been made during the course of and after a normal 
sunrise and, as it has been found that conditions may 
vary somewhat from week to week, it was decided that 
comparison observations should be made on the day 
preceding and the day following the eclipse. More- 
over, since the eclipse took place so early in the morning, 
it was considered necessary to begin observations 
before the normal sunrise, as it seemed possible that the 
effects of sunrise might not have disappeared before the 
effect of the eclipse became appreciable. As sunrise 
occurred at 3.47 a.m. on the day of the eclipse, 
observations therefore began on each of the three days 
at 2a.m. 

Figs. 5 and 6 show the variation of the intensity of 


Values of H/H, 


EFrG. 6. 


the downcoming ray (expressed as a fraction of the 
ground-ray intensity) with time on the morning before 
(28th June) and the morning of the eclipse (29th June) 
respectively. The first is quite typical of the phenomena 
experienced during many sets of sunrise observations. 
The amplitude of the downcoming ray, though varying 
a good deal, is seen to be reduced, in general, as sunrise 
approaches. This reduction in amplitude was, as 
usual, accompanied by the disappearance of the secondary 
maxima and minima superposed on the main “ fringes.” 


-0 
Time (G.M.T.) 29'6’27 
(A = 491 m.) 


At 3.30 a.m., however, there was a marked increase in 
the amplitude of the downcoming ray, though the 
“ fringes ” still remained smooth, indicating the presence 
of only one downcoming ray or of a series of down- 
coming rays with atmospheric paths of about the same 


‘length. After sunrise the downcoming ray was much 


reduced in intensity and remained barely detectable for 
the remainder of the morning’s observations. Unfortu- 
nately, there was a break in the readings after sunrise 
due to transmitter breakdown, but, from our previous 
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observations, we can say that there is little doubt that 
the value of H,/Hy was approximately constant from 
4.15 a.m. to 6.30 a.m. 

On the morning of the eclipse a similar cycle of events 
took place and normal day-time conditions had been 
reached before the effect of the eclipse was noticeable. 
At 5.10 a.m. a slight increase in the amplitude of the 
downcoming ray was observed, followed by a remarkably 
large increase to a value 16 times that corresponding to 
day-time conditions. At the same time as this increase 
in amplitude was recorded, the observations show that 


© Totality 


the equivalent path difference between ground. and 
atmospheric waves had increased, while the angle of 
incidence of the downcoming waves at the ground had 


.been reduced. The first of these effects is illustrated in 


Fig. 7, in which 6n/dA, the number of fringes per metre 
wave-length change, a quantity which is proportional to 
the path difference (D) between ground and atmospheric 
rays, is plotted as a function of the time. The increase 
in the value of 5n/dA caused by the eclipse is equal to 
an increase in the equivalent height of the layer from 
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75 to 94 km. The decrease in the angle of incidence at 
which the downcoming waves reach the ground also 
indicates an increase in the height of the stratum 
responsible for deviating the waves. We therefore 
conclude that the increased intensity of the downcoming 
ray was due to the removal of ionization in the lower 
layers of the atmosphere, together with an increase in 
the height at which the waves were turned back. The 
large “fringes” recorded during the period of the 
eclipse effect were, however, smooth and therefore 
similar to those recorded about 3.45 a.m. rather than 
to those representative of night-time conditions, when 
“* secondaries ” are almost always present. We must 
therefore regard the effect of the eclipse as only a partial 
return to proper night-time conditions. 

A comparison of Figs. 6 and 7 shows that the detect- 
able effect of the eclipse lasted slightly longer in the 
case of the measurements of equivalent height than in 
the case of the measurements of the intensity of the 
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downcoming ray. Also, in the case of the height 
measurements the maximum value was registered just 
about totality at the ionized layer, while the greatest 
amplitude of the downcoming ray was detected before 
totality. 

Examples of the signal maxima and minima obtained 
before, during and after the eclipse effect are shown in 
Fig. 8. The records show the marked increase in the 
intensity of the downcoming ray at totality. 

(b) Observations at Liverpool on the Newcastle trans- 
missions.—The observations here were made by Mr. 
J. A. Ratcliffe, with Mr. W. C. Brown acting as photo- 
graphic assistant. Due to the greater distance of 
transmission and consequently weaker signals and 


liability to interference, the observations were rela- 


tively much more difficult than in the case of the Peter- 
borough measurements. As the receiving site did not 
permit of the use of the loop and aerial combmation 
similar to that at Peterborough, an ordinary vertical 
aerial was used and attention concentrated on the deter- 
mination of the equivalent height of the layer. 


Unfortunately, during the middle of the eclipse 
period these observations were rendered quite impos- 
sible by interference from a neighbouring amateur 
transmitting station (6NI). The result of this was that 
no observations could be made during the critical 
period of 4.50 a.m. to 5.25 a.m. on the 29th June. But 
the readings that were obtained at the beginning and 
end of the eclipse period entirely confirm the Peter- 
borough results in that at the beginning of the period 
the equivalent height was increasing and at the end 
was decreasing, and in both cases the heights registered 
were higher than those measured at the same time on 
the following day. 

As a result of the amateur-station interference we 
are therefore unable to make the interesting comparison 
suggested by Dr. Rayner between the effects of the 
eclipse at the ground and at the ionized layer. 

(c) Observations on the constant-wavelength trans- 
missions from London and Manchester.—Observations 
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(A = 491 m.) 


on the signals received from the steady transmissions 
from London and Manchester were made by Miss B. 
Saltmarsh at St. Albans, Mr. H. B. Old at Nottingham, 
Mr. O. Darbyshire at Newcastle, Mr. S. R. Wright at 
Giggleswick, and by Dr. W. W. Fyvie at Aberdeen. 
Some of these observers had been supplied with gal- 
vanometers by the Radio Research Board under a 
scheme of amateur co-operation in the study of signal 
fading. Readings of rectified signal current were 
taken at these receiving stations every 10 seconds 
throughout each alternate 10 minutes during the 
period of the transmissions, except on the occasion of 
the eclipse when readings were taken every 5 seconds 
continuously. Although the apparatus used was of 
the simplest character, the results obtained by these 
observers are very valuable, for they confirm, in a 
remarkable way, the variations in downcoming-ray 
intensity detected at Peterborough. Although the 
results obtained at all stations have individual points 
of interest it must suffice here to consider mainly two 
series of observations which, because of the distances 
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from the transmitter at which they were made, illustrate 
most simply the main effects. The two cases chosen 
are the observations made by Mr. Old, at Nottingham, 
and those made by Mr. Wright, at Giggleswick. Both 
were made on the 2LO (London) transmissions of 
365-m wave-length. 


«---Loop---- >] le----- 


noticeable as the downcoming ray grew weaker, until 
finally a steady signal was received. To make these 
results comparable in some way with those made at 
Peterborough, the author has calculated from Mr. 
Old's readings the mean departure of signal from the 
day-time value, which gives us an inferior Hmit for 


.--Aerial--- (a) 5.4 a.m. 


(b) 5.12 a m. 


(c) 5.17am. 


(d) 5.23am. 


(e) 5.31 a.m. 


(f) 5.37 a.m. 


Fic. 8.—Signal variations received alternately on loop and aerial, beginning on loop. (A = 491 m.) 


At Nottingham a strong ground wave was received : 


and the presence of a downward ray was shown by the 
small variations of intensity which took place about a 
constant mean value. On the mornings before and after 
the eclipse such variations were present when the trans- 
mission began (3.30 a.m.) but gradually became less 


the magnitude of the downcoming-ray intensity relative 
to that of the ground ray. The variation of this ratio 
with time for a typical morning run on the Ist July, 
1927, is shown in Fig. 9. The results, calculated in 
the same way, for the morning of the eclipse are also 


- shown in the same figure for comparison. 
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On the morning of the eclipse the same fall of down- 
coming-ray intensity was observed at the beginning of 
the observations as on the other days. The effect of 
the eclipse was to increase the fading very noticeably, 
as is shown by the large increase in the magnitude of 
the downcoming ray. The results exhibited in Fig. 9 


teil 


Inferior limit of M/M, 


Fic. 9. 


may be compared with the Peterborough observations 
shown in Fig. 6. Exact agreement between the 
numerical values of the ordinates in the two cases 
cannot, of course, be expected, for the Nottingham 
values are only inferior limits * for the ratio (down- 
coming ray intensity)/(ground ray intensity). 
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Signal current (arbitrary scale) 
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2LO received at Giggleswick 


Fic. 10. (A= 361m.) 


It may be noted that in this series of observations, 


AAAI 


5-0 
Time (G.M.T.) 2927 oo 
2LO received at Nottingham 


greatest amplitude of downcoming ray was detected 
before totality. 

In the case oi the observations made at Giggleswick 
on the 2LO transmissions, we are dealing with a case 
in which the ground ray was practically negligible, so 
that reception was carried out almost — by means 


6-0 7-0 
117/27 ==--x 


(A = 361 m.) 


of the indirect ray or rays. Thus the signal-current 
readings, with no further reduction, may be taken as 
an indication of the strength of the downcoming waves. 
In Fig. 10 are shown the signal-current variations 
obtained on the morning of the eclipse. These may be 
compared with the readings on the other days of the 
test which were on the average 0-06 unit (i.e. practically 
zero) on the same scale for the same period. 

We thus see that, although on normal days the 
intensity of the downcoming ray was negligible at this 
period of the day, the effect of the eclipse was to increase 
this intensity very markedly. A similar increase of 
signal intensity was reported at the more distant station 
of Aberdeen, at which station the normal daytime signal 
is negligible. 

In the case of the Giggleswick observations the 
maximum value of downcoming ray was experienced 
just about the time of totality at the layer, while at 
Aberdeen the maximum signal was measured at 5.29 a.m., 
that is 7 or 8 minutes afterwards. In this connection 
it is of interest that at another distant station Mr. 
E. A. Anson, observing 2LO at Narbeth, Pembroke- 
shire, found a maximum signal intensity at 5.27 a.m. 


DISCUSSION OF ECLIPSE RESULTS. 
The observations summarized above show that the 


eclipse produced a very definite effect on the properties 
of the ionized layer responsible for deflecting waves of 
300-400 m back to the ground. The most striking 
effect was the large increase in the intensity of the 
downcoming ray, which was detected at both near and 


as in the case of the Peterborough measurements, the 


* This arises from the fact that we cannot be sure that each signal maximum 
corresponds to a state of affairs in which ground and atmospheric waves are in 
phase, and also from the fact that a vertical aerial was used at Nottingham on 
which only the vertical co ponot of the electric force of the downcoming 
wave is eftective. Thus the Nottingham values should all be too small. 
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distant receiving stations. We may ascribe this effect 
partly to the: increase in height of the stratum 
. responsible for bending back the waves, and partly to 
the rapid removal of ionization in the lower layers of 
the atmosphere consequent on the removal of the solar 
ionizing agents. The increase in the height of the 
stratum was so large as to be detectable by the methods 
described. 

The results as a whole seem to suggest that the more 
southerly receiving stations experienced the maximum 
eclipse influence a little earlier than the northern stations. 

A striking feature of the observations was the short 
time the eclipse effect lasted, this period varying from 
20 to 50 minutes at the different stations, while the 
total time taken for the moon’s shadow to pass across 
the sun was nearly 2 hours. This means that quite an 
appreciable fraction of the sun’s radiation may be cut 
off before the effect can be detected by wireless 
methods. 


In conclusion, it may be mentioned that the morning 
after the eclipse was exceptional in that night-time 
conditions seemed to persist for such a long time after 
sunrise. The records of all stations show evidence of 
this. 

The experiments described above were carried out as 
part of the programme of the Radio Research Board of 
the Department of Scientific and Industrial Research. 
The author gratefully acknowledges his indebtedness 
to the team of workers who have made their execution 
possible; to Dr. M. A. F. Barnett and Mr. J. A. Ratcliffe 
for their expert assistance in the development of the 
methods now in use at Peterborough; to Mr. W. C. 
Brown and Mr. R. D. Gander for assistance with the 
photographic recording; to the amateur observers who 
co-operated so enthusiastically in the eclipse series of 
experiments; and to Captain P. P. Eckersley and the 
Birmingham and Newcastle B.B.C. technical staffs for 
arranging the special transmissions during the eclipse. 


DISCUSSION BEFORE THE WIRELESS SECTION, 4TH APRIL, 1928. 


Mr. T. L. Eckersley: The first part of the paper, 
which deals with the downcoming ray, leaves me with 
a slight doubt. The author himself shows that with 
the interference-fringe method there may be more than 
one ray; in fact, the interference fringes show that there 
is nearly always more than one. The method by which 
he analyses the results of the downcoming ray, however, 
assumes the presence of one ray only. The point may 
be trivial—the secondary rays may not be sufficiently 
important to destroy the cogency of the reasoning— 
but one is left with a certain amount of doubt as to 
whether the results are self-consistent. The author has 
explained that the self-consistency might be exhibited 
by comparing the height as determined from the number 
of fringes with the height as determined from the angle 
of incidence at which the downcoming rays come in. 
I understand that there is a very fair agreement between 
the two. The doubt raises itself in rather another form, 
because in his summary of the observations the author 
states that the fading is due rather to the variation of 
the downcoming signal than to the interference of the 
downcoming signal with the direct ray. The very fact 
that this downcoming signal varies, suggests to me that 
it is composite and consists of more than one ray. I 
quite realize that the interference-fringe method shows 
at once whether more than one ray is coming down, and 
I imagine that the author has placed most weight on 
those observations which obviously show no secondary 
interference maxima, so that the result shall be free 
from doubt; but still, most of the observations show 
that the downcoming ray is composite and therefore 
throw a little doubt on the analysis of the result, which 
depends upon the fact that only one downcoming ray 
is assumed. I do not think it is likely to be more than a 
trivial difficulty, but I should like to have the point 
cleared up. The fact that the fading is an intrinsic 
property of the downcoming ray is, of course, borne 
out very much in the fading of short-wave signals, 
where the direct ray, even at relatively short distances, 
is certainly absent, and the fading must be due to 


something in the downcoming ray. That seems to 
bear:out the author’s results. Perhaps a contrast of 
the fading with long and short waves might help to 
clear up some of our ideas about the Heaviside layer. 
The author has shown that the fading on. the hori- 
zontal aerial is practically the same as that on the 
vertical aerial. Breit has suggested that the fading may 
be due not merely to them both fading together, but to 
a rotation of the electric vector, coming first on to the 
vertical aerial and then on to the horizontal. In short- 
wave fading, in contrast to the fading on the broadcast 
band, this is a very decided factor. It appears to occur 
on a great many stations, and Fig. A, which I have pre- 
pared, shows simultaneous records taken on a horizontal 
and a vertical aerial which exhibit at times almost 
complete opposition. It is very remarkable that there is 
undoubtedly a complete rotation of the electric vector 
coming alternately on the vertical and then on to the 
horizontal aerial, which seems to be a contrast between 
the short-wave type of fading and the long-wave type. 
In that connection one might consider the question of 
circular polarization, which the author has touched on 
only briefly. His evidence is definitely in favour of a 
left-hand corkscrew rotation, as the Americans term it. 
Results obtained a year ago show that on a short wave 
a right-hand corkscrew occurs, although I have evidence 
of certain stations giving a left-hand one. The pheno- 
menon is obviously more complicated than on the long- 
wave band, because it is only at certain times of the year 
and on certain stations that polarization effects are 
noticed; in fact, there seems to be a gradual change. 
To take the case of a Dutch station 200 miles to the east 
of us—in winter time there is no direct ray at all; it is 
all scattered. As the direct ray comes in, it is found to 
be circularly polarized as a right-hand corkscrew. As 
the season goes on, in the latter part of the year it 
appears to become norinally (i.e. not circularly) polarized 
again, but suffers from the type of fading in which. the 
electric vector turns right round. The suggestion is that 
during the winter there is no indirect reflected ray; 
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only scattered radiation is present. The plane-polarized 
transmitted ray can be analysed into two circularly 
polarized rays with opposite circulations, each of which 
is transmitted differently by the Heaviside layer. In 
the spring, when the bending is so great that the receiver 
is on the edge of the skip distance, one ray is more bent 
than the other, and is the only one received. The author 
has suggested that the circular polarization observed by 
him on the broadcasting band is left-handed because 
the right-hand component is most absorbed and at the 
same time most bent. On the short wave near the edge 
of the skip distance, bending is probably the predominant 
factor, and the right-hand ray is received and not the 
left. This is only a tentative suggestion. Later in 
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striking, I think, in view of the definiteness of the 
results. If, as I understand the author to say, the main 
cause of fading is not any change of phase, but simply a 
change in the magnitude of the downcoming wave, I 
find it very difficult to picture what can be happening 
to cause this periodic change. So long as one regarded 
fading as due to interference between two waves, a 
direct wave and a downcoming wave or two or more 
downcoming waves, it was relatively easy to picture 
what was happening; the two waves were coming into 
phase, then 180° out of phase and then into phase again. 
That explanation is impossible, however, when there is 
no direct wave and only a single downcoming wave. 
The author says that as the result of the eclipse the 
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Fic. A.—Signals from PQW beam station (Lisbon, A = 15-6 m). 


the season both rays are bent sufficiently to arrive at 
the receiver where they recombine to produce a plane- 
polarized ray, the direction of polarization of which 
varies rapidly as suggested by Breit and gives rise to 
the inverse type of fading observed. Perhaps the author 
can offer an alternative explanation. The matter is of 
very considerable complexity, since the earth’s magnetic 
field is in one direction, the ray path in another, and the 
gradient of density in a third direction, the relative 
directions varying along the path of the ray. I have 
attempted the problem but have given it up for the 
present. I should be glad to know the author’s estimate 
of the height of the Heaviside layer in the daytime. 
I have always thought it—on the average, for, of course, 
it varies—to lie somewhere in the neighbourhood of 
50 km, but recent evidence seems to point to a rather 
higher level, somewhere about 70 km. 

Prof. G. W. O. Howe: Although this paper has 
cleared up a great number of difficulties, I think that 
it also serves to point out how many of them still remain. 
As far as I can see, there is nothing in the paper to indicate 
the causes of the phenomena recorded. That is rather 
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night condition was only partially restored. Fig. 6 
shows that the strength of the signal rose to a higher 
value than had been recorded at any time that night 
since 2 o’clock, and one might say that the night con- 
dition was more than restored for a short time. 
Apparently the author refers to the fact that the 
secondary fringes did not appear, and only in that 
respect can it be said to be only partially restored. 1 
should like to ask him whether he has any theory as to 

what can have happened to cause the reading to go 
higher in that short time than any value recorded 
during the night, and what physical meaning he attaches 
to the partial return to night-time conditions. 

Dr. E. H. Rayner: I think it may be of interest if I 
remind members of the conditions of the eclipse, because 
they played a very important part in the work done. 
The solid model which I have here is on a scale of 1 inch 
to 10 miles, and at the intersection of the earth this 
shows the shadow of the eclipse on the earth. The actual 
dimensions were something like 90 miles long and 15 
miles wide, and the shadow extended through 200 miles 
before it reached 90 km of height, the height of the 
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Heaviside layer. The shadow moved rather crabwise. 
As regards time, the track at a height of 90 km had 
passed over England and was over the North Sea before 
it had begun{on the surface of the earth in Wales, The 
radiation from 2LO struck the Heaviside layer about 
half-way between London and the actual eclipse 
district, so that a person at the place in the eclipse area 
had this intersection at the Heaviside layer half-way 
between him and 2LO, and had the advantage of the 
possibility of taking electrical observations and also of 
being on the track of the eclipse and seeing it with his 
own eyes. It may perhaps be of interest to put on 
record the arrangements that were made for these special 
observations; they may be useful another time. A 
special committee called together by the Radio Research 
Board, representing all the various interests, was formed, 
mainly to give the observers the undisturbed use of 
certain stations picked for the study of certain. types of 
transmission in particular directions, some directions 
being across the shadow track and some along it. The 
results of some of the more important observations are 
given in the present paper, and have fully justified the 
hope that an eclipse would provide an opportunity for 
studying the properties of the upper atmosphere as 
affected by solar radiation. It may be expected that 
radio observations will form an important part of 
physical work in coming eclipses. Recent work by 
the author has shown that the intensity of radio trans- 
mission received from the upper layers of the atmosphere 
at almost vertical incidence is surprisingly large, and is 
a quality which ought to receive special attention at 
future eclipses. The organization of the national 
services as regards radio transmission at the time of the 
eclipse was most effective. They undertook to keep as 
quiet as possible in order to give those working for 
the Radio Research Board every chance of success in the 
few minutes available. This was unfortunately not the 
case in the one instance noted by the author, where an 
amateur in the Liverpool area deliberately refused to 
comply with an urgent personal request to stop operating, 
although informed that he was rendering useless attempts 
at delicate measurements of the variation of the physics 
of radio transmission which were being carried out by 
the responsible national organization. I feel it my duty, 
as Vice-Chairman of the Committee of the Radio 
Research Board on Radio Transmission and of the special 
committee of all interests brought together for the 
purpose of organizing observations during the eclipse, 
to draw attention to what appears to be the great 
selfishness and inconsiderateness of the behaviour of 
the individual in question, which the author has— 
perhaps rightly—recorded in a much more colourless 
fashion, by omitting some of the facts of the case. To 
all others who followed the request issued by the B.B.C. 
and other organizations to keep quiet I should like to 
offer the thanks of the Radio Research Board, as with- 
out their silent co-operation important results, which 
have very materially increased our knowledge of the 
process of radio transmission, would not have been 
obtainable. I should like in particular to thank Capt. 
Eckersley and his staff at various centres for their 
assistance, which has been most helpful. 

Captain P. P. Eckersley : I should like to ask the 


author a question, not because I am not fairly sure of 
the answer, but rather because his authority should be 
sufficient once and for all to clear up what is becoming 
a misapprehension. About four or five years ago it 
was noticed that short-wave telephony transmissions 
at night became extremely muffled and of bad quality, 
apart from the fact that there was severe fading. The 
bad quality was explained in terms of a wave-length 
shift at the transmitter. The modulation was said to 
produce small wave-length changes (in certain trans- 
mitters this was undoubtedly true) creating a moving 
interference pattern between direct and indirect ray, 
reproducing in fact, in a confused way, the method of 
measuring the height of the layer described by the 
author. Later on when it became possible to stabilize 
the frequency of the carrier wave of short-wave telephony 
stations, quality at night and at great distances, although 
possibly not quite so muffled as before, was certainly 
not comparable with that obtained from direct-ray 
reception. This poor quality was explained by some 
as due to rapid fading of the whole spectrum simul- 
taneously, by others as differential fading as between 
carrier and side-bands or some side-bands and other 
side-bands. I should like to ask the author whether 
he believes that in a telephony transmission 5 or 10 
kilocycles wide the poor quality is due simply to fading, 
as such, of the whole ray as one entity or of different 
parts of the spectrum fading differently at the’ same 
time. My own view has been for some while that the 
latter explanation is the only satisfactory one, but it 
would be helpful to have the author’s support on this 
point. If it is true that different parts of the spectrum 
are simultaneously fading differently from one another, 
producing different interference patterns, it would 
appear as if the solution of linking up distant broad- 
casting systems by short waves was far to seek and that 
the optimism of some wireless engineers is far from 
justified both in theory and in practice. A point of 
some practical importance arises with regard to the 
absolute strength of the indirect ray emitted by broad- 
casting stations at night. The B.B.C. have been 
making experiments in trying to work two stations on 
the same wave-length. They have succeeded in pro- 
ducing between stations an absolutely stationary inter- 
ference pattern and have found empirically that, pro- 
viding one station is five times the strength of the other, 
the interference to one station may be considered to be 
negligible. There is thus, with two stations working 
on the same wave-length, a service area of one station 
where the quality is good, and a ‘‘ mush ” area in which 
the quality is bad. The absolute determination of the 
strength of the indirect ray is therefore of considerable 


| importance in determining the extent of “ mush ” areas. 


While measurements are being made as rapidly as possible 
to determine this point it would be interesting to know 
whether the author can give any figures having a bearing 
upon this point. 

Mr. J. Hollingworth: On general grounds 1 am in 
entire agreement with the author's conclusions; but 
there are a few minor points I should like to raise. The 
first one is that I would suggest that the limits of wave- 
length employed should be very definitely specified. 
While there is no doubt that the phenomena of abnormal 
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polarization are found on all wireless wave-lengths, the 
actual form of their appearance appears to vary with the 
wave-length. The left-handed circular polarization 
mentioned in the paper certainly does not persist on long 
wave-lengths (14000 m) where the polarization is 
approximately plane and right-handed, though left- 
handed polarization also appears in certain circumstances; 
and it appears from Mr. T. L. Eckersley’s remarks that 
similar variations occur on short waves. The method 
of wave-length variation deserves to be recognized as 
a most ingenious means of obtaining an extra equation 
and also of avoiding certain difficulties connected with 
absolute value, since it only makes use of ratios of 
intensity; but at the same time it can hardly be regarded 
as a general method of attacking the problem, since it 
has limitations which may be serious. The first is that 
it covers a comparatively large wave-length band. 
In the broadcasting band, where separation of stations 
is determined by the necessary width of telephony 
side-band, the problem of interference is much less than 
on the longer waves devoted exclusively to telegraphy, 
where much smaller frequency separations are used. 
Also to obtain the same number of complete interference 
cycles the percentage wave-length swing must be pro- 
portional to the wave-length. On long waves this 
causes difficulty, both at the transmitting end to obtain 
such a swing, and at the receiving end to make the 
receiver characteristic sufficiently flat. I am hoping 
to do a similar experiment shortly on about 9000 m ; 
but with a 10 per cent wave-length swing I expect to 
get only about 140° of an interference cycle, and, as the 
receiver will have to be readjusted several times in 
this range, absolute intensity measurements will be 
essential, Also, for the same reason, on very short 
wave-lengths the necessary swing will be so small that 
it may fall within the possible limits to which the wave- 
length can be held. On these wave-lengths also, the 
normal variations are at times so rapid that it seems 
as though some method of absolutely simultaneous 
observation will be necessary. 

Mr. R. H. Barfield: I have been working with 
Dr. Smith-Rose for some time on much the same problems 
as those dealt with by the author, and it is perhaps of 
interest to mention here that our results, which are 
recorded elsewhere,* substantially confirm those which 
he has detailed in the present paper with reference to 
the angles of incidence of the downcoming waves. 
In particular, however, I should like to draw attention 
to a certain rather puzzling feature in our results which 
up to now has appeared to us a little too indefinite to 
be emphasized. We employed in our experiments a 
loop receiver capable of rotating about two axes, 
horizontal and vertical. If such an instrument is set 
so that its horizontal axis is perpendicular to the 
direction of the transmitter station, the ground ray does 
not influence the receiver—it is in fact suppressed. 
Assuming, however, that there is a single downcoming 
ray which is circularly or elliptically polarized, the 
horizontally polarized component of this ray will induce 
an e.m.f. in the coil unless it is tilted about its horizontal 
axis to a certain angle when a definite minimum position 


* Proceedings of the Royal Society, A, 1926, vol. 110, p, 580, and 1927, 
vol. 116, p. 682. 


will be found. This angle bears a simple and determinate 
relation to the angle of incidence of the ray. The 
interesting point is that as long as there is only one 
downcoming wave this minimum angular position should 
be sharp and stationary and always of one sign. Now 
as a matter of fact we have found that on nearly every 
occasion out of a prolonged series of observations the 
minimum is variable in its position; that it often changes 
its sign and is sometimes sharp and sometimes flat. 
This peculiarity is quite satisfactorily accounted for if, 
on most occasions, there are, instead of one oñly, two or 
more downcoming waves of widely different angles of 
incidence. It appears therefore to support the author's 
conclusion as to the existence of two reflecting layers, 
but suggests that both are normally in action to about an 
equal extent. The difficulty of making these observations 
resulting from rapid fading, unfortunately renders them 
not entirely free from the suspicion of instrumental 
error. By the use of large, fixed horizontal and vertical 
loops, however, and by simultaneously recording 
intensity variations on each, the experiment could be 
repeated in a modified form without this disad- 
vantage. 

Mr. G. H. Munro: It may be of interest if I mention 
some of the other eclipse measurements made at the 
same time as the author’s. Direction-finding obser- 
vations were made by Dr. Smith-Rose and Mr. Barfield 
and assistants, at Leyburn in Yorkshire on the London 
station, and at Slough and Bristol University on the 
Newcastle station. These results confirm the author's 
experiments. I personally was engaged in the direction- 
finding experiments at Slough. The directions were, 
as usual, variable as the daylight came on, and after- 
wards gradually settled down. Near the time of the 
eclipse they became unsettled again. They were 
recorded and will be published, but my impression was 
that, when one was actually observing, the reversion 
to “ night effect ' as the eclipse came on seemed much 
more marked than can be expressed on paper. At 
Slough we also took intensity measurements on the 
Newcastle station, and the results we obtained were 
very similar to those given in the paper. We used a 
galvanometer which followed the variations quite 
rapidly and we took readings every half-minute. There 
was one sharp peak when the signal was very strong 
just for a moment about 2 minutes before totality. 
With regard to the model of the eclipse which Dr. Rayner 
has exhibited, some people are inclined, I think, when 
discussing this to regard the shadow asa dark cylinder, 
whereas this cylinder is, of course, surrounded by 
shadow of gradually decreasing intensity. 

Professor E. V. Appleton (in reply): The wave- 
length change method would only show the presence 
of two or more downcoming waves if their equivalent 
optical paths were different. Examples of this are 
met with quite frequently and may either be cases of 
the simultaneous reception of primary rays from two 
of the three layers which I think exist, or cases of primary 
and secondary (i.e. multiple) reflection from the same 
layer. The interference records enable: us to unravel 
these different cases and an account of them will shortly 
be published. In the majority of cases one fundamental 
period is noted in the artificially produced signal varia- 
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tions, and the fact that the angle of incidence may 
vary widely while the path difference between direct 
and indirect rays remains approximately the same has 
led us to consider the possibility of the reception of 
two or more primary rays from a non-uniform layer. 
The reasons for this have previously been given* and may 
be briefly suminarized here.. Although the cause of 


signal variations has been traced mainly to intensity 


variations, it seems most probable that these intensity 
variations are themselves the result of an interference 
mechanism. The intensity fluctuations exhibit a kind of 
periodicity which seems to vary with the wave-length 
and with the distance of transmission. For broadcasting 
wave-lengths Mr. A. L. Green (of King’s College, London) 
and I have found that if T is the “ period ” of the 
fluctuations and A the wave-length, 7/) is a single-valued 
function of the distance of transmission d. Such a 
relation strongly suggests that interference plays a part 
in causing these intensity variations. Various possible 


causes might be suggested, such as the simultaneous - 


deviation of waves from two or more portions of 
a layer of non-uniform. and variable horizontal 
stratification. 

= Mr. T. L. Eckersley’s information on the polarization 
of short waves returned from the Heaviside layer is of 
great interest to me in connection with the magneto- 


ionic theory I put forward some years ago. Mr. Eckersley’s | 


interpretation of his results in terms of two rays of 


different refrangibility and absorption seems to be 
I have worked out the general case of- 


entirely sound. 
propagation of the waves in any direction with respect 
to the earth’s magnetic field, but I fear that this is only 
a step towards the solution of the still more general 
problem he mentions. 

The values for the day-time height of the layer (E 
layer) responsible for deviating the waves come out 
about 70-80 km, but, as mentioned in the paper, there 
is also an absorbing region (D layer) below this which is 
probably at a height of 50-60 km and may perhaps be 
connected with the ozone layer of Dobson. 

Professor Howe's first query is dealt with in the first 
paragraph of this reply, but I share with him the feeling 
that the actual cause of the phenomenon of fading is 


still obscure. With regard to his second query, concerning 


the nature of the eclipse effect, it is true that the down- 
coming ray intensity reached higher values about 
totality than it did during the night, but round about 
normal sunrise very large intensities are often observed. 
Possibly this is a case in which the various components 
of the primary rays from different parts of the layer 
happen to arrive in phase. 
` Proceedings of the Royal Society, A, 1927, vol, 115, p. 314. 
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All workers who took part in the eclipse experiments 
are indebted to Dr. Rayner both. for his assistance in 
organizing the experiments and also for drawing atten- 
tion to the importance of distinguishing between the 
eclipse at the Heaviside layer and the eclipse at tlie 


“ground. I feel that his suggestion to put on record:a 


detailed account of the arrangements made for this 
eclipse might be extended to include notes made by 
those engaged in making the observations. These could 
be deposited with some responsible body. From the 
experience gained in this series of observations I feel 
sure that the technique could be improved in various 
ways for the next occasion of the same kind. 

Captain Eckersley is quite right in concluding that 
there is differential fading within the side bands. The 
resolving power of the system comprising the Heaviside 
layer and the ground is sufficiently large to account 
for this. The experiments show that, on a wave-length 
oí 400 m, a frequency difference of 1000 will give 
components fading in anti-phase. Such fading will cause 


exceedingly distorted reception of a telephony trans- 


mission. Since the meeting it has been possible, with 
Captain Eckersley’s collaboration, to obtain an answer 
to his second query. The downcoming wave from 
Daventry Experimental Station (65GB) is found to be 
of the order of 0-5 to 1-0 millivolt per metre. 

In reply to Mr. Hollingworth, the general case of the 
magneto-ionic theory shows that linear polarization is 
to: be expected with long waves. It will be of great 
interest if he can repeat the wave-length change experi- 
ment on long wave-lengths. His observation that the 
necessary swing on short waves may be so small as 
to fall within the possible limits to which the wave 
can be controlled is a valuable one, and will be noted 
for future work. l 

The valuable work done by Dr. Smitl-Rose and Mr. 
Barfield on the determination of the angle of incidence 
of downcoming waves gives strong and independent 
evidence that the height of the deflecting layer for the 
chief indirect ray is approximatcly that found in the 
Peterborough experiments. The use of a receiving coil 
capable of rotating about both horizontal and vertical 
axes, and used as described by Mr. Barfield, might 
possibly be combined with the wavelength-change 
experiment in an attempt to find the path difference 
between the multiple downcoming rays which he 
mentions. 

Mr. Munro’s direction-finding experiments during the 
eclipse are valuable in giving us information about 
the polarization of the downcoming waves during the 
totality period, which information is lacking; in the 
Peterborough series. 
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A THERMIONIC VOLTMETER FOR MEASURING THE PEAK VALUE AND 


THE MEAN VALUE OF AN 
WAVE-FORM.* 


ALTERNATING VOLTAGE OF ANY 


By E. B. Mouttin, M.A., Associate Member. A 


(Paper first received 14th December, 1927, and in final form 10th May, 1928.) 


SUMMARY. 


The paper describes a thermionic voltmeter which can be . 
used to measure the peak and mean values of any alternating . 


wave-form. The instrument is provided with two scales on 


one dial, corresponding to peak and mean values, and a . 
change-over switch converts the voltmeter from one reading : 


to the other. 
‘current of a cumulative grid rectifier. 
ment that the mean grid potential is sensibly equal to the 
peak value of a sinusoidal voltage, and an approximate 
analysis is developed by which the mean grid current can be 


The peak value is measured by the mean grid 


predicted very accurately. Approximate analysis shows that ' 


the mean grid current is sensibly proportional to the peak 
value of any wave-form, and results are tabulated of direct 
tests on five different wave-forms the oscillograms of which 


are reproduced ; at least three of these wave-forms are extra- | 


ordinarily irregular. Experiment shows that the accuracy of 
-the peak measurement is about the same as can be obtained 
from an ordinary oscillogram. The mean-value measurement 
is made by omitting the grid condenser, and the accuracy of 
the method is discussed analytically and substantiated ex- 
perimentally. An application of the voltmeter is illustrated 
by curves which show the distortion produced by a 4-stage 
thermionic amplifier. 


(1) INTRODUCTION. 


Sometimes it is desired to measure the peak and mean 
values of a wave-form without resorting to an oscillo- 
graph, and it is interesting to explore the possibilities 
which a thermionic valve may offer for making these 
measurements. 

The peak value of a voltage may be measured very 
simply by means of a neon lamp, which has a very 
definite striking voltage; and various methods of using 
a neon lamp for the purpose have been described 
already. If the voltage to be measured is less than 
the striking voltage, then the deficit must be made up 
by a battery. The necessary provision of a high-voltage 
battery and a potential divider makes it difficult to 
produce a direct-reading voltmeter of wide range which 
is not also unduly cumbersome. 

The peak voltage may also be measured very readily 
by a 3-electrode valve used according to the “slide 
back ” method. This method is well known, has 
often been described in detail,f and needs here a brief 


* The Pa Comitis invite written communications (with a view to 
ublication in the Journal if approved by the caress) on pavers published 
the Journal without being read at a meeting. Communications should reach 
the Secretary of the Institution not later than one month after publication of 

the paper to which they relate. 
See, for example, Radio Review, 1921, vol. 2, p. 303; Radio Review and 
ournal I. E, E., 928, vol, 61, p. 804; and 


Wireless World, 1922, "vol. 10, p. 4; 
E, B. MOULLIN: “ Radio Frequency easurements,’ ' chap. 2, sec. 5, p. 40. 


It is shown by experi- - 


description only, which may be followed readily by 
reference to Fig. 1. 

The grid is first given a negative bias V,, which is 
just sufficient to reduce to zero the anode current indi- 
cated by G. The alternating voltage to be measured 
is then -applied in the manner shown and the bias is 
increased to a value V, until the anode current is again 
brought just to zero. Then, in ideal circumstances the 
peak voltage V is evidently equal to (V, — V,). Since 
the valve characteristic does not cut the voltage axis 
at a definite point as shown in Fig. 1, and since the 


| Fre. 1. 


galvanometer is not indefinitely sensitive, V must be a 
little greater than (V — V,). By making a wise choice 
of valve, galvanometer and value of applied voltage, 
evidently we may make the fractional error as small as 
we please. But again the slide-back method requires 
many subsidiary batteries and potential dividers, and 
it is difficult to combine them in a portable direct- 
reading voltmeter. 


(2) CUMULATIVE GRID RECTIFIER USED TO MEASURE 
PEAK VOLTAGE. 


Consider now the well-known arrangement shown in 
Fig. 2, where the grid of the valve is fed through a 
high resistance R, which is shunted by a large con- 
denser C. The anode battery has purposely been 
dispensed with because the anode current is not being 
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used. Rectified grid current flows through R and 
therefore the charge on the condenser plates must have 
a mean value. If the time-constant of the R, C circuit 
is large compared with the periodic time of the alter- 
nating voltage, then the charge on C will fluctuate 


Fie. 2. 


above and below its mean value by a negligible amount. 
The combination of R and C is exactly equivalent 
to.a bias battery whose voltage equals R times the 
mean grid current I, measured by the galvanometer G. 
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Since the mean grid current increases with increase of 
applied voltage, so also will increase the negative bias, 
resulting from the charge on C. Hence the system of 
Fig. 2 is very nearly equivalent to that of Fig. 1, but 
with this difference—that the grid bias increases itself 
automatically, and we may say “slides itself back ” 


without the cumbersome necessity of a battery or the 
requirement of human adjustment. Provided we 
find the negative mean grid potential is comparable 
with the maximum value of the applied voltage, it 
seems probable that the voltage across C, which equals | 
RI, will be a constant fraction of the maximum 
voltage V. 

The relation between the rectified grid current and 
the R.M.S. value of a sinusoidal applied voltage is ex- 


4 000 
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hibited in Fig. 3 for a P.M.4 valve, connected as shown 
in Fig. 2; the grid-current curve for the same valve in 
this condition is shown in Fig. 4. The applied voltage 
was obtained from the p.d. across the condenser of a 
series resonant circuit which was tuned to a 90-cycle 
supply of good wave-form. The decrement of the 
resonant circuit was such that the'3rd and 5th harmonics 
in the condenser p.d. were reduced respectively to 
2 per cent and 0-5 per cent of their value in the wave- 
form of the supply voltage. Consequently no harmonic 
in the condenser p.d. could have had an amplitude of 


TABLE 1. 


Grid current, I 


l - Max. p.d. 
(V = y2 x RM.S.) 
F BA + +: volts - 
250 bb .. 425 - 
200 sl 339 
166 e 283 
150 ~. 254 


38 |. . 707 


Mean grid potential V —RI (V — RIJV 
volts volts ' per cent 
414 11 2-6 
330 Ë 9 = 2-6 
274 9 3:2 
248 6 2-4 

64:5 6 8-3 
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as much as 0-1 per cent; therefore we may consider it to 
have been a perfect sine curve having a ratio of maxi- 
mum to R.M.S. of 4/2, and of maximum to mean value 
of 2/77. The R.M.S. voltage was measured by a high- 
class dynamometer voltmeter. It may be seen that 
Fig. 3 is accurately a straight line which does not pass 
quite through the origin. Therefore the ratio RI/V 
cannot be quite constant but approaches rapidly a 
constant value; the intercept of 5 V becomes negligible 
when the applied voltage exceeds, say, 70 V (R.M.S.). 
We may now compare the product RI with the maximum 
value of the applied sinusoidal voltage, and to facilitate 
this Table 1 has been prepared. The values given are 
taken from actual galvanometer readings, which could 
be read more accurately than Fig. 3. 


The values in Table 1 reveal the, perhaps rather 


surprising, fact that the mean grid potential is very 
nearly equal to the maximum voltage V. If the 
maximum of the applied sinusoidal voltage is greater 
than, say, 150 V it appears that the mean grid potential 
is not more than some 3 or 4 per cent less than the 
maximum voltage V. Experiments with different 


values of the grid leak R show. that the curve relating 
applied voltage and mean grid current is always a 
straight line passing sensibly through the origin, and 
that the slope of this line varies in the exact inverse 
ratio to the value of R, for values of R ranging from 
about 0:25 to 3 megohms. Thus Table 1 does not 
correspond to any critical or optimum adjustment. 

> On referring to Fig. 4 we see that the grid-current 
curve may be represented closely, over a wide range, 
by the straight line which has a slope of 572 A/V and 
cuts the potential axis at 3-4V. By using this approxi- 
mation to the grid-current curve we may make a rough 
calculation of the mean grid current which will result 
from applying any sinusoidal voltage having a maximum 
value greater than, say, 70 V. 

- Thus consider Fig. 5, which represents a sinusoidal 
voltage v = Vcos@. The horizontal line AB is drawn 
at a height Vinegn = RI and the line CD is drawn, in 
accordance with the requirements of Fig. 4, at a level 
(Vinean + 3-4) for, according to our approximation, grid 
current starts suddenly only when the grid becomes 
3-4 V positive. Grid current flows during the portion 


of the cycle shown shaded in Fig. 5 and having an area A. . 


If the slope of the assumed grid-current curve is b, then 
we have:— | 

i Ab 

© ok Sian grid current = — 

ta ' i Ñ 27 


a 


V mean = RI = a 


! 


and 


A a a 


and ` Vmean + 3°4 = V cos ġ 
= Ta Vcosd 34 
.. | = R — R 


Hence the relation between V and J is linear if cos ġ 
fs substantially constant, and this requires that @ shall - 


be small, 
Now A = 2V(sin $ — ¢ cos $) 
On 
ars 


vo? 
V cos $ — DR = 3-4 
(des E po POR _ 3: 


Hence for values of V larger than, say, 20, ¢ is 
substantially constant. In our example b = 572 pA/V 
and R = 1-65 megohms, whence bR/(377) = 100. Hence 
$ = 1/4100 = 0-215. 

Hence as ¢ is.small and nearly constant, cos ¢ is still 
more nearly constant and approximately equal to unity. 

If $ = 0:215, cos ġ = 0-98. 


0-98V — 3-4 
Le PA 


Table 2 gives a comparison between the measured 
values of J and the values calculated from this formula. 


Hence i= 


TABLE 2. 

V Measured I Calculated I Error 
volts pA pA per cent 
425 250 250 +0 
339 200 199 — 0-5 
283 166 165 — 0°6 
254 150 148-5 — 1-0 

70°7 39 ' 40 + 1:5 

35-4 18 19 + 5:5 


Thus we see from Table 2 that the rough calculation 
is sensibly correct down to about 25 volts (R.M.S.). We 
may note, in passing, that we have here an analysis 
of grid rectification which will be reasonably correct so 
long as the applied voltage is large enough to place the 
mean grid potential appreciably off the foot of the grid 
characteristic. 

Now the galvanometer which measures the mean grid 
current may be calibrated to read directly in volts, and 
by Fig. 3 the scale will be uniform. The scale may be 
engraved in R.M.S. values of a sinusoidal voltage, but 
evidently it would be. more. in character with the 
behaviour of the voltmeter to calibrate it in terms of 
the maximum value of the sinusoidal voltage. Referring 
now to Figs. 2 and 5 we may realize that, once the 
steady state has been reached, the mean grid current 
cannot depend at all on the shape of the unshaded 
portion of the wave of applied voltage and can depend 
only on the shape of the shaded cap, which fi for a sine 


<.. +6 canat. -a eet opoe Eee 


e ee 


MEAN VALUE OF AN ALTERNATING VOLTAGE. OF ANY WAVE-FORM. 


curve is of very small height. Therefore it seems 
possible that this grid rectifier may possess the property 
of making a close measure of the peak value of any 
wave-form. ‘We shall continue our rougl analysis to 
examine this possibility, and use the .wave-forms shown 


in Fig. 6, (B), (C) and (D), which have been. chosen 


because they represent roughly the oscillograms of 
Fig. 11, A, B and C, which wave-forms have been used 
on the voltmeter and for which the instrument gives 
errors that may be estimated from Table 6. 

Let us suppose that the instrument has been calibrated 
in terms of the maximum value of a true sine wave and 
that it is then actuated by the wave-forms of Fig. 6, 
(B), (C) and (D). Let us also suppose that the magni- 
tude of these three applied voltages has been adjusted so 
that each one brings the voltmeter to the same scale 
reading: it is required to find the relation between the 
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In Fig. 6 (C), evidently vg = 2v, = 11-2 V. 

Thus the voltmeter would indicate a peak value of 
339 V, whereas the true value would be 344-6 V. It 
would therefore read low by about 1-6 per cent. 

From Fig. 6 (D) the area of each half-sine curve 
v, sin 90, is given by A = = | 


4v 


24 =- = 132 v=3 


V, = (333-4 + 3) = 336-4 


The voltmeter would therefore indicate. a peak value 
of 339 V, whereas the true value would be 336-4 V. It 
would therefore read high by 0-75 per cent. 

Thus we may expect the voltmeter to be capable of 
reading the peak value of. extraordinary wave-forms 
resembling those of Fig. 6 to an accuracy of about 


(D) 
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true peak value and the voltmeter reading. Since the 
initial analysis is but rough, it is superfluous to produce 
a general expression for the error, and it is sufficient to 
choose a numerical example from the figures of Table 1. 
Thus, let each applied voltage. be adjusted so as to 
produce a mean grid current of 200 uA, which cor- 
responds to a scale reading of 339 and a mean grid 
potential of 330 V. Referring now to Fig. 6, the height 
of the sine curve is thus 339 V, and the line AB cuts 
each wave-form at a height of 330 V and the line CD at 
a height 333-4 V. Each wave-form is to give the same 
mean grid current and therefore the shaded area of each 
figure must be equal to the shaded area of the sine 
curve, and the problem is to find the values of v, 
v, and v, which will bring this about. 
Now, from Fig. 6 (A), 


339 cos $ = 333-4 


whence $ = 0°18 
_ 2Y 3-9 


From Fig. 6 (B) 


Vor l 


A, = + = 1-32, v, = 1:26 


V, = (333-4 + 1-3) = 334-7 


+ 2 per cent, and in a succeeding section we shall find 
our expectations supported by experiment. 


(3) GRID RECTIFICATION USED TO MEASURE THE MEAN 
VALUE OF A WAVE-FORM. 


To measure the mean value of a half wave we may 
use the circuit of Fig. 7, which differs from that of Fig. 2 
only in that the condenser C is omitted. When the point 
B is positive to A, grid current will flow, but during .the 
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negative half-cycle no grid current will flow. Thus during 
the positive half-cycle the resistance of the circuit is 
the sum of R and the valve resistance, and during the 
negative half-cycle the resistance is infinite. On refer- 
ring to Fig. 4 we shall find that the voltage-drop in the 
valve is a negligible portion of the voltage-drop across R, 
and hence that the total resistance remains constant 
to a high degree of accuracy during the positive half- 
cycle. For example, suppose R = 1-65 megohms; 
then from. Fig..4 we should require to apply a steady: 


p.d. of (248 4+.2-7) V between A and B in order to: 
obtain a current of: 150 yA. The drop across the valve 
is then only POS per cent of the total. To obtain 


“The voltmeter would therefore indicate a peak value 
of 339.V, whereas.the true. value would be 334:7 V. It 
would therefore read high by 1-25 per cent. 
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100 pA and 50 uA we should require (165 + 2-2) V and | between A and B, and may be seen to be accurately a 
(82-5 + 1-3) V respectively; and the drop across the | straight line which misses the origin by about 0:5 V. 
l It follows from this that the wave-form of the grid 
current during the positive half-cycle will be an almost 

perfect replica of the wave-form of the applied voltage. 
' Thus the mean grid current will be a measure of the 

mean voltage and the scale will be uniform. Fig. 9 


TABLE 3. 


E Applied pad. | 7 aR irs] Grid current | Apparat 

= o o es 

3 volts (R.M.S.) volts pA megohms 

a 300 425 82 1-65 

b 240 339 | ` 6 1-66 

3 200 283 55 1-64 

$ 180 254 48 1-68 

2 [CEA e AE 
1-66 


shows the relation between mean grid current and the 
R.M.S. value of a truly sinusoidal applied voltage. 
Fig. 9 is truly a straight line which misses the origin 
by a negligible amount. Let the total resistance of 
grid leak and valve in series be (R + r) and the applied 


5 10 15 20 voltage be V sin pt; then the mean grid current during 
Soy: Steady AS the positive half-cycle will be given by J = 2V/[T(R + r)] 
Fic. 8. and the mean grid current during the whole cycle will 


be half this amount. Table 3 has been prepared to 
valve is 1-3 per cent and 1-55 per cent respectively of the | show some calculated values of the apparent resistance, 
total voltage. The total resistance is therefore constant | which may be seen to differ inappreciably from that of 
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to within about 1 per cent.*' “Fig. 8 shows the relation | the grid-leak resistance of 1-65 feroh This table, 
between steady grid current’ and steady potential |' together with Fig. 8, shows conclusively that the mean 


* Since the date of first submitting this paper tAY author's attention has - grid current with the arrangement of Fig. 7 is a measure 
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If the wave-form is very unusual and becomes nega- 
tive during the positive half-cycle, as typified in Fig. 10, 
then the voltmeter will give a reading which is higher 
than the mean value by an amount corresponding to 
twice the area of the small shaded loops. Wave-forms 
of this sort are very rare and would not occur unex- 
pectedly. 

. If the instrument is used at radio frequencies the 
reading will be incorrect, because then the distributed 
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capacity across the grid leak tends to convert the 
circuit of Fig. 7 into that of Fig. 2, and also the grid- 
filament capacity modifies the potential applied to the 
grid and the shape of the current wave. However, this 
frequency limitation is not a very serious disability 
because the voltmeter is not likely to be required for 
supply or audio frequencies; also the mean volt scale 
will remain relatively correct and is upset only in 
absolute value, and the use of the scale for comparing 
relative values is not impaired. The arrangement of 
Fig. 2 has no frequency limitation. 


(4) EXPERIMENTAL TEST OF THE ACCURACY OF PEAK 


AND MEAN-VALUE READINGS. 


There can be no doubt that the circuit of Fig. 7 
measures very accurately the mean value, but it must 


l 


A B C 


ordinate and the mean-square ordinate, and hence the 
ratios of peak to R.M.S. and peak to mean value were 
deduced. The maximum ordinate of the oscillograms 
was about 5 cm and so the peak value could be read 
with an error not greater than + 1 percent. It is not 
easy to assess the accuracy of values deduced from 
oscillograph records, but Table 4 has been prepared in 
such a way as to show as far as possible the accuracy 
of the measurements. Table 4 shows the value of 
the R.M.S. applied voltage at the moment of taking 
the photograph, and also the peak, R.M.S. and mean 
ordinates in millimetres. It also shows the value which 
the R.M.S. ordinate should liave according to the steady- 
current calibration of 43-5 mm deflection for 148-5 V 
applied. In-each case the result is shown of two separate 
sets of measurements from the same oscillogram. 

Cols. 4 and 5 should of course agree exactly; actually 
the oscillograph calibration appears to be a little high, 
with a mean error of just under 2 per cent. 

Table 5 shows some readings of peak and mean values 
for the same five wave-forms, as read by a voltmeter 
which combined in one instrument the arrangements of 
Figs. 2 and 7, and the scale of which had been calibrated 
on a true sine curve as explained already with reference 
to Tables 1 and 3. 

To facilitate comparison between Tables 4 and 5, 
Table 6 has been prepared. 

Table 6 shows that the agreement is well within the 
allowable tolerance, with the exception only of wave- 
form B; the values called ‘‘ measured ” are those from 
the oscillograms, extracted from Table 5. For purposes 
of comparison the measured values have been assumed 
to give the correct ratio. Let us now examine critically 
the apparent exception of wave-form B. Remembering 
the rough analysis of section 2 and Fig. 6 (C), we should 


D E 


Fig. 11. 


be rather a matter of good fortune if the circuit of 


Fig. 2 measures peak values, although the rough analysis 
of section (2) shows that it may be expected to do so 
with considerable accuracy. The voltmeter has been 
tested on the wave-forms whose oscillograms are shown 
in Fig. 11, A, B, C, D and E; evidently the wave-forms 
of. B and C are exacting tests. The oscillograms were 
taken with a Duddell oscillograph having a natural 
frequency of about 12 000 cycles per second, and were 
photographed by a falling-plate camera. The plates 
were then measured by means of a glass graticule ruled 
with millimetre squares. 


Thus were found the mean - 


expect the voltmeter slightly to underestimate the peak 
value. To make a direct check of this the peak value 
was measured simultaneously both by the voltmeter 
reading and by a calibrated oscillogram for an applied 
p.d. of 94:5 volts (R.M.S.). The peak value from the 
calibrated oscillogram was 175 V, apparently measurable 
to within + 1 per cent. The peak voltage measured 
by the voltmeter was 170 V, and hence the voltmeter 
apparently underestimated the peak by 3 per cent. 
Hence the accuracy of the peak range of the voltmeter 
is substantially vindicated for this wave-form. The 
argument of section (3) together with Fig. 8 seems to 
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1-475 (av.) 


| 1:613 (av.) ` 


TABLE 4. . 
1 2 8 4 5 6 7 8 9 
Waveform | RMS.pd. | Peak ordinate | R.M.S. ordinate | RMS. ordinate | Mean ordinate foe rS > 
volts Tam mm mm mm 
31-6 24-2 
A 110 50 31-8 32-2 23-8 2-08 1-32 1-57 
31-7 (av.) 24-0 (av.) 
31-6 26:7 
B 107-2 58 31-1 31-5 27:3 2-15 1-16 1-85 
31-35 (av.) 27-0 (av.) 
32-2 30-0 
C 107 51 32-1 31-4 29:2 1-72 1-085 1-59 
32-15 (av.) 29:6 (av.) 
29-4 27-0 
D 103*5 38 29-6 30-3 27-5 1-40 1-08 1-29 
29-5 (av.) 27-25 (av.) |] 
29-4 f 26-8 
E 103 43-5 29-1 30-2 26-5 1-63 1-1 1-48 
29-3 (av.) 26-65 (av.) 
TABLE 5. 
Wave-form R.M.S. p.d Peak value Mean value Peak/R.M.S. Peak/Mean R.M.S./Mean 
volts volts volts 
105-5 170 . 83 1-61 2-05 1-262 
A 100 162 79 1-62 2-05 1:265 
1-615 (av.) 2-05 (av.) 1-268 (av.) 
j 94-5 170 86-6 1-80 1-96 1-09 
90 161 82-5 1-79 1-96 1-09 
B 85 153 78 1-80 1-96. | 1-09 
A N 1-80 (av.) 1-96 (av.) ` 1-09 (av.) 
| 94-5 150 87-5 1-59 1-715 
90 144 83-5 1-60 1-725 
C 85 136 79:5 1:60 1-710 
- 1-60 (av.) ` 1:717 (av.) 
103 136 96 1-32 1:415 
D 100 133 93 1-33 1-43 
1-325 (av.) 1- 423 (av.) 
( 105 155 96 1-475 1-615. 
103 153 95. 1-48 . 
E 100 147 91 1-47 
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show that there can be no doubt about the accuracy 
of the mean reading. Therefore it would appear that 
the poor agreement for wave-form B between the 
measured and observed ratio of peak to mean value 


give reliable results of an accuracy amply sufficient for 
most workshop and test-bed work, and should prove a 
useful portable means of investigating a wave-form 
quickly in cases where no oscillograph is available. 


TABLE 6. 
_R.M.S. /Mean Peak/R.M.S. Peak/Mean 
Wave-form |__| Difference Difference - Difference 
Observed Measured Observed Measured Observed ` Measured 
i ; per cent per cent per cent 
A 1-263 1-32 — 4-7 1-615 1:57 + 2:5 2-05 2-08 — 1:5 
B 1-09 1-16 — 6 1-80 1-85 — 2.8 1-96 2°15 — 9:0 
C. 1-08 1-085 — 0°5 1-60 — 1:59 + 0:6 1-717 1:72 — 0-1 
D 1-075 1-08 — 0:5 1-325 1-29 + 2:0 1:423 . 1-40 + 1:4 
E 1-092 1-1 — 0-8 1-475 1-48 — 0:3 1-613 1-63 — 1 
TABLE 7. 
Peak volts 273 240 200 170 140 120 100 
Mean volts 134 117 97 82 68 58 48 
Peak/mean 2-04 2:05 2:06 2-07 2-06 2:07 2-08 


shown in Table 6 must be ascribed principally to the 
measured mean being incorrect. Since for this wave- 
form the measured R.M.S. value agreed well with the 
calibration, we must suppose some unfaithfulness in 
the smaller ordinates of the oscillogram, but for this 
there is no apparent explanation. A direct check on 
the peak value of wave-form C was also made by 
simultaneous reading of the voltmeter and calibrated 
oscillogram, The result of this test indicated that the 
voltmeter was reading low on this wave-form by nearly 
2 per cent. — ; 

Since the peak reading is most likely to be correct 
when the applied voltage is large, it seemed possible 
that the accuracy indicated by Table 6 might not be 
maintained over all parts of the scale. To test this 
possibility, machines giving wave-forms A and B were 
run at a fixed excitation and various voltages were 
applied to the voltmeter by means of a resistance 
potential-divider. For each potential the peak and the 
mean reading of the voltmeter were observed and the 
ratio was deduced. The results of this test for wave- 
form A are shown in Table 7. 

These figures show that the accuracy is maintained 
over the whole scale. A similar test for wave-form B 
ranging from 70 V to 350 V (peak) showed even more 
consistent results. | 

The final results of the tests seem to show that a 
voltmeter constructed from a combination of the 
arrangements of Figs. 2 and 7 is capable of measuring 
the peak and mean values of any ordinary wave-form 
to an accuracy about the same as that which could be 
obtained from the ordinary methods of using an oscillo- 
grapli. Although for highly accurate research work an 


oscillograph would naturally be used with all.due care 


and precaution, yet it is certain that this voltmeter will 


It should be noticed that the input resistance of the 
voltmeter is very great and is about 1 megohm in 


Output PD. from 
fourth valve 


Peak voltage 


Output PD. from 
third valve 


0 10 20 - 30 40 
_ Applied PD., in millivolts (R.M.S) 


Fic. 12.—Output voltage from last two stages of resistance- 
a a coupled amplifier. 
oi: ' . Overall amplification = 7 600 
Nominal amplification = 153 x 8 = 1 200 
effective value. Therefore it absorbs only a few milli- 
watts at full scale and so may be used for many 
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telephonic and audio-frequency measurements where it 
has to be placed in parallel with a very high impedance. 
For example, it gives a convenient method of measuring 
distortion produced by a valve amplifier for acoustic 
frequencies. Such an amplifier will produce even 
harmonics, and then the peak value of the positive and 


AS 


Fic. 13, 


negative half-waves are unequal. Both peak values 
may be measured by reversing the input connections, 
and the mean value may be measured on the mean- 
value scale. Since harmonics of moderate amplitude 
add very little to the R.M.S. value, the reading of an 
electrostatic voltmeter will represent closely the value 


Input terminals 
Grid 


Mean 


Fic. 14. 


of the fundamental component. Hence, if this voltmeter 
is used in conjunction with an electrostatic instrument, 
we are able to measure the fundamental amplitude, 
both peaks and the mean, and can therefore obtain a 
considerable knowledge of the output wave-form. 
Fig. 12 relates to measurements of the output voltage 


with an electrostatic instrument, doubtless the range of 


linearity between input and output: would have been 


more extended and have given a false impression of the 


: qualities of the amplifier. 


(5) SomE CONSTRUCTIONAL DETAILS OF THE VOLTMETER. 


It is advantageous to modify the circuit of Fig. 2 by 
the well-known variation depicted in Fig. 13, for thereby 
the voltmeter is rendered unaffected by a steady voltage 
‘between its terminals. It is well known that the two 
methods of connection are equivalent in action. It is 
convenient to use two condensers, for thereby both 
terminals are insulated and no harm can result from a 
common connection between the filament battery and 
some apparatus also connected to the same battery. A 
diagram of connections is shown in Fig. 14, and the 
double-pole change-over switch converts the voltmeter 
from reading mean to reading peak values, or vice versa. 
The filament potential is normally adjusted to be 3-5 V 
when a 4-V battery is used for heating. As the filament 
current is below the rated value, the life of the valve 
is increased. It should be noticed that no filament 
theostat or test-point for setting to calibrating condi- 


- tions is provided, in the manner usually associated with 
_ thermionic voltmeters. Careful experiment has proved 


that the voltmeter reading is quite independent of 
filament voltage so long as this is not less than 2-9 V. 
Therefore it is superfluous to provide a test-pqint and 
it is sufficient to connect two accumulator cells to the 
terminals provided. ) 
Consideration of .Tables 1 and 3 will show that the 
reading of the voltmeter is affected in proportion to 
any change of grid-leak resistance. It is not easy to 
obtain a suitable grid leak which is absolutely constant 
and reliable; but there is no difficulty in providing one 
the variations of which, whether due to random causes 
or to reasonable temperature-changes, are limited to 
less than + 2 per cent. Until more perfect grid leaks 
are obtainable the instrument is liable to an error in 
absolute value of about this amount. It should be 
noticed, however, that a change of grid-leak resistance 
affects both the peak and the mean-value scales equally, 
and consequently the ratio of peak to mean value wil} 


PEAK VOLTS 
150 


AA 80 100 


Fic. 


t 
from the last two stages of a 4-stage resistance-coupled 
amplifier fed by a sinusoidal voltage. The ordinates 
of these curves show the positive and negative peak 
values. It is evident from these curves that the third 
valve is inadequate for its work, and that the whole 
amplifier is distorting grossly when the input p.d. 
exceeds 15 mV. Had these measurements been made 


ADAL 


MEAN VOLTS 


120 


15. 


not be susceptible to these changes. Prolonged inves- 
tigation indicates that the changes in a grid leak of high 
quality are due to temperature coefficient and not 


' random causes. The temperature coefficient of one 
, complete voltmeter was positive and equal to 0-2 per 
cent per degree C. over a very wide range. The volt- 

. meter scale used is reproduced in Fig. 15; the scale 
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factor for the peak and mean range has been arranged 
so that the pointer does not move if the applied voltage 
is sinusoidal, The movement of the needle in changing 
from peak to mean range therefore shows at a glance 
whether the applied voltage is sinusoidal. 


It should be noticed that the mean range may also 
be used for measuring steady voltages, and then the 
scale factor is 0-5. It is therefore also a steady-current 
voltmeter the input resistance of which is greater than 
1-6 megohms, 
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The Annual Dinner of the Institution was held at 
the Hotel Cecil on Thursday, 9th February, 1928, when 
the President, Mr. Archibald Page, presided over a 
gathering numbering 629 persons. Among those 
present were:—Sir John Snell, G.B.E. (Past-President, 


T.E.E.; Chairman, Electricity Commission); Marshal of. 


the Royal Air Force, Sir H. M. Trenchard, Bart., 
G.C.B., D.S.O. (Chief of Air Staff, Air Ministry); Sir 
Hugo Hirst, Bart.; Sir William Bragg, K.B.E., F.R.S.; 
Col. Sir Charles Close, K.B.E., C.B., F.R.S. (President, 
Royal Geographical Society); Sir James Devonshire, 
K.B.E. (President, British Electrical Development Associa- 
tion); Sir Frank Dyson, K.B.E., F.R.S. (President, 
Institute of Physics); Sir Henry Fowler, K.B.E., LL.D. 
(President, Institution of Mechanical Engineers); Sir 
Joseph E. Petavel, K.B.E., F.R.S. (Director, National 
Physical Laboratory); Sir Ralph Wedgwood, C.B., 
C.M.G.; Sir Andrew Duncan (Chairman, Central 
Electricity Board); Sir H. Haward (Vice-Chairman, 
Electricity Commission); Sir M. Hughman; Sir William 
Noble; Sir J. R. Brooke, C.B. (Secretary, Central Elec- 
tricity Board); Councillor J. Abady (Mayor of West- 
minster) ; Mr. Ll. B. Atkinson (Past-President) ; Prof. H. B. 
Baker, C.B.E., D.Sc., F.R.S. (President, Chemical 
Society); Mr. J. R. Beard (Member of Council); Mr. H. 
Booth, O.B.E.; Mr, F. H. Carr, C.B.E. (President, Society 
of Chemical Industry); Mr. A. C. Cramb (Member of 
Council); Mr. F. W. Crawter (Member of Council); 
Mr. W. R. Davies, C.B. (Principal Assistant Secretary, 
Technological Branch, Board of Education); Dr. S. Z. 
de Ferranti, F.R.S. (Past-President and Honorary 
Member); Prof. C. -H. Desch, D.Sc., Ph.D., F.R.S. 
(President, Faraday Society); Captain J. M. Donaldson, 
M.C. (Vice-President); Mr. S. B. Donkin (Chairman, 
Association of Consulting Engineers); Mr. D. N. Dunlop 
` (Member of Council); Mr. R. N. Eaton (Hon. Secretary, 
Irish Centre); Lt.-Col. K. Edgcumbe, R.E. (T.A.) 
(Vice-President); Mr. A. R. Everest (Chairman, British 
Electrical and Allied Industries Research Association); 
Dr. J. A. Fleming, M.A., F.R.S. (Honorary Member and 
Faraday Medallist); Mr. J. M. Gatti, J.P. (Chairman, 
London County Council) ; Mr. F. Gill, O.B.E. (Past-Presi- 
dent); Major-Gen. P. G. Grant, C.B., C.M.G. [Director 
of Fortifications and Works (War Office)]; Mr. F. W. 
Harboard, C.B.E. (President, Iron and Steel Institute); 


Mr. H. Hastings (Local Hon. Secretary for Spain); 
Major E. O. Henrici, R.E. (Ret.) (Member of Council); 


Mr. J. S. Highfield (Past-President) ; Mr: C. W. Hurcomb, 


| des 


C.B., C.B.E. (Permanent Secretary, Ministry of Trans- 
port); Monsieur E. Imbs (President, Société Française 
Electriciens); Mr. W. E. John (Member, 
Electricity Commission of the Union of South Africa); 


. Mr. W. E. Tyldesley Jones, K.C.; Mr. L. J. Kettle 


(Chairman, Irish Centre); Lt.-Col. A. G. Lee, O.B.E., 
M.C., B.Sc. (Chairman, Wireless Section); Mr. E. Leete 
(Member of Council); Lt.-Col. F. A. Cortez Leigh, 
T.D., R.E. (Honorary Treasurer); Mr. C. D. le Maistre, 
C.B.E.. (Local Hon. Secretary, American I.E.E.); Col. 
J. F. Lister, C.M.G., T.D., R.E. (Past-Chairman, South 
Midland Centre); Mr. A. B. Mallinson (Chairman, 
North-Western Centre); Mr. H. Marryat (Member of 
Council); Brig.-Gen. Arthur Maxwell, C.B., C.M.G., 
D.S.O., D.L. (President, Chartered Institute of Secretaries) ; 
Mr. W. J. Medlyn (Past-Chairman, North-Western 
Centve);-Mr. R. K. Morcom, C.B.E., M.A. (Chairman, 
British Electrical and Allied Manufacturers’ Association) ; 
Mr. W. M. Mordey (Past-President) ; Brig.-Gen. M. Mowat, 
C.B.E. (Secretary, Institution of Mechanical Engineers); 
Mr. C. G. M. New (Chairman, Western Centre); The 
Very Rev.. W. Foxley Norris, M.A., D.D. (Deán: of 
Westminster); Mr. R. E. Palmer, O.B.E. (President, 
Institution of Mining and Metallurgy); Mr. R. W. Paul 
(Member of Council); Mr. J. D. Peattie (Hon. Secretary, 
North-Western Centre); Mr. H. B. Poynder (Hon. Secre- 


tary, North-Eastern Centre); Mr. F. W. Purse (President, 


Incorporated Municipal Electrical Association) ; Col. T. F. 
Purves, O.B.E. (Vice-President, I.E.E.; Engineer-in- 


Chief, General Post Office); Dr. A. H. Railing (Member 


F.R.S. (Director of Scientific 


of Council); Mr. C. Rodgers, O.B.E., B.Sc., B.Eng. 
(Member of Council); Dr. A. Russell, M.A., F.R.S. 
(Past-President); Mr. F. E. Smith, C.B., C.B.E., 
Research, Admiralty); 


' Mr. Roger T. Smith (Past-President, I.E.E.; President, 


Institute of Transport); Prof. A. Smithells, C.M.G., D.Sc., 


' F.R.S. (President, Institute of Chemistry); Mr. J. Swin- 


burne, F.R.S. (Past-President); Mr. A. A. C. Swinton, 
F.R.S.; Mr. G. C. Vyle (President, Association of British 
Chambers of Commerce); Alderman W. Walker; Mr. 
S. J. Watson (Member of Council); Mr. O. C. Waygood 


(Hon. Secretary, Mersey and North Wales (Liverpool) 
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Centre]; Mr. M. E. Webb, D.S.O., M.C., M.A. (Vice- 
President, Royal Institute of British Architects); Mr. 
T. P. Wilmshurst (Electricity Commissioner) ; Mr. M. F.G. 
Wilson (Chairman, British Engineering Standards 
Association); Mr. W. Wilson (Chairman, South Midland 
Centre); and Mr. H. T. Young (Member of Council). 

The toasts of ‘‘ His Majesty the King,” “ Her Majesty 
the Queen, His Royal Highness the Prince of Wales, 
and the Other Members of the Royal Family,” were 
proposed by the President and loyally received. 

Sir William H. Bragg, K.B.E., F.R.S., in proposing 
the toast of ‘‘ The Institution of Electrical Engineers,” 
said: ‘‘ To no one could the task of proposing this toast 
be more welcome than to a student of the physical 
sciences. Of all the professions concerned with the 
handling of materials yours has been from the outset 
the most directly and indissolubly connected with the 
laboratory. It is a matter of immense pride to the 
physicist that those secrets of Nature over which he 
delighted to ponder 50 and 100 years ago should have 
been applied with such amazing success to the benefit 
of mankind. The development of your industry has 
been phenomenal; there does not seem to be any corner 
of the earth to which you have not extended your 
activities. Its energies are distributed at your will: 
and the. wireless carries everywhere the speech of its 
inhabitants. Nor does television seem to lag behind. 
You have become the universal distributing agents of 
thought, word and deed. We all recognize the immense 
work that you do for the world in countless ways, and 
we are glad of any opportunity to wish you prosperity. 
Your very success adds to your work: every day you 
are asked to do more and more, and to solve more 
problems that at first sight seem insoluble. We 
physicists thoroughly appreciate the new questions that 
arise, for curiously enough the very lines of research 
which would naturally be followed by the studentare 
also those which seem to lead to practical applications. 
You are at present up against the problem of high- 


tension distribution, because you seek there the solution. 


of a financial problem. And you find that the materials 
which you have used as insulators for so long are not 
able:to bear the further strain that you would put upon 
them. Dielectrics are apt to fail; and even across the 
air the energy leaks away. The terms ‘ brush’ and 
‘corona’ and ‘ionization by collision’ become your 
own technical words. You break up the atoms of the 
air into negative and positive parts, and have to deal 
with the electrical conductivity which your action has 


produced. We too are concerned with just those very 


problems. Our painstaking measurements in the 
laboratory are, however, dwarfed: by the huge processes 
that we. find in the research laboratories of electrical 
engineers. When some 30 or 40 years ago Lenard 
coaxed the electrons to come out of the discharge tube 
into the open, he produced in the air outside a faint 
glow which was visible in the dark. But Coolidge 
applies nearly a million volts to his tube and produces 
discharges. which fill the air for several feet with their 
glow and must be respectfully watched from behind 
protecting shields of lead. And when we learn that 
one of the remarkable products is vitamin D, we.feel 
that the sciences are getting interestingly mixed up. 


- and long may it be so. 


- committees and honorary officials. 
. our headquarters staff, and I.am more than sorry that, 
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There is another great problem df yours in which' we 
are deeply interested from the point of view of pure 
science, and that is the nature of magnetism. Though 
we have penetrated so deeply of late into the structure 


of atoms and molecules, this particular point seems to 


elude us. We have learnt something lately from the 
examination of the properties of single crystals, but still 
we find ourselves somewhat hurt by our failure. 1 
might go on to mention other questions. For now that 
we have peeped into the atoms and molecules and tried 
to explain with more or less success what we have seen 
there, and have begun to understand the strength of 
materials in terms of their molecular and crystalline 
structure, the practical worker and the laboratory 
student are continually in touch, giving and taking; 
Let me gratefully acknowledge 
the interest the great electrical companies have taken 
in research: for there are no laboratories like theirs. 
And let me thank them too for the broad-minded spirit 
which directs their work, so that the whole of science— 
and not only particular electrical applications—are 
furthered by what they do. I do think it is of the 
highest importance that in this way a refreshing stream 
of new thought is continually pouring over the fields 
that you and we cultivate. It would be a real disaster 
to the nation at this time of stress if our ideas, methods 
and practices stagnated. Many industries may claim 
to be progressive in the best sense, but none with more 
justice than that with which electrical engineers are 
concerned: their work is continually throwing out fresh 
off-shoots and showing all the signs of vigorous health, 
I, ask you to drink to the toast of ‘ The Institution,’ 
coupled with the name of the President.” 

The President, in responding, said: ‘‘ This is by 
no means the first occasion on which Sir William has 
given proof of his valuable and esteemed friendship ‘to 
our Institution. I am therefore doubly desirous of 
thanking him for having proposed this toast and for 
the kind things which he. has said about us. I think 
it will be accepted by all present that our Institution 
is a solid structure; therefore, on the high authority 
of Sir William, the crystals, the atoms and the electrons, 
not to speak of the nuclei, cannot be far to seek. It 


. would be invidious for me to attempt to label all 


concerned, but judging from my experience of what is 
expected of the President, I think that he must be 
classified amongst the electrons, and a high velocity 
one at that, never quite sure which atom has the greatest 
claim on him but finding them all extremely friendly. 
The Council, taken in the mass, must be ranked in the 
higher flights as a crystal. Now, Sir William has taught 
us that much of the strength of any structure is due 


_to:the way in which its crystalline components are 


arranged. That being so, the Local Centres and Sub- 


. Centres, not forgetting the Wireless Section, occupy a 
place of honour. 


They are doing good work and doing 
it efficiently, not a little because they have energetic 
Another crystal is 


owing to illness, the Secretary is not able to be with us 
to-night. I am sure we shall all wish him a very rapid 


recovery. What Sir William has told us opens up a 
_ wonderful vista, so wonderful as.to be almost bewil- 
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dering, and that feeling of bewilderment has in it a 
slight tinge of regret that in these days of specialization 
it is impossible to keep pace with all that is going on 
in the different branches of electrical science. There 
is, however, no real reason for that regret. On the 
contrary, the situation engenders enthusiasm. The fact 
is that electrical engineers are a privileged people; but 
privileges sooner or later have to be paid for. By the 
contribution, therefore, which electrical engineers make 
to the well-being of others will they be judged, and 
unless that contribution bears the true relationship to 


what we have received, we shall have failed. Mr.. 


Bernard Shaw has said that a gentleman is one who 
puts more into the common pool than he takes out. 
An electrical engineer, I need hardly add, is above all 
things a gentleman. It is worth noting that the 
Institution itself is founded on the idea of service. 
It provides facilities for the interchange of knowledge 
and experience between scientists, research workers, 
inventors and engineers, enables the older members to 
encourage the students, helps those who have fallen by 
the way, and, through its representatives, speaks with 
an authoritative voice in the councils of the nation. 


The art of the engineer is to do the best he can with- 


the materials available, but that does not relieve him 
from the responsibility of discovering new materials 
and better methods of using them. Scientific and 
industrial research is the keynote. Never was research 
More needed, and never was the field wider. Our 
pre-eminence as a manufacturing country is now seriously 
challenged by other nations, but we cannot be robbed 
of our inheritance quite so easily as some people think. 
Our engineers can still design, and the skill of our 
artisans cannot be matched. That, however, is not 
enough, and it cannot be doubted that our attitude 
towards science and invention will have a great bearing 
on our industrial future. For that reason, therefore, 
I confidently appeal for that full measure of financial 
support which will ensure that research workers in the 
electrical industry shall receive every possible encourage- 
ment. It is very gratifying to note that one of the 
bright spots in the industrial situation to-day is the 


manner in which our electrical manufacturing firms are 
expanding their export trade. They have a most 
difficult task in competition with their rivals in other 
countries who are secure in their own protected markets. 
Apart from foreign competition, the limitations imposed 
upon our firms by the unprotected condition of our 
other basic industries are very' real, and it speaks 
volumes for their enterprise and initiative that we have 
so much reason to acclaim their success. It is all the 
more pleasing to me to be able to announce that the 
Central Electricity Board has just decided to place 


_another large order—this time for transformers—entirely 


with British firms. It is a great relief to all of us, and, 
I imagine, to no one more than the Minister of Transport, 
that the legislative fever in the supposed interests of 
the electricity supply industry has abated and the 
patient is more vigorous than ever. Let there be no 
misunderstanding, however; the antidote, which has 
a strong flavour of the Scotch thistle, is difficult to 
procure and another attack might prove fatal. Although, 
in some quarters, there have been signs that the Central 
Electricity Board is regarded as a wolf in disguise, when 
little Red Riding Hood next says ‘ Granny, what a large 


grid you have,’ Granny at least will be able to answer 


‘ All the better to give you electric traction with, my 
dear.’ But whatever the outcome in this. particular 
field, the general prospect is rosy enough, though not 
without its problems. To realize it, however, - there 
must be wholehearted co-operation in the electricity 
supply industry, which, 1 think, 1 may safely say is 
assured. Our united efforts will bring forth a harvest 
much more fruitful than anything we could achieve 
individually, and the policy of the Institution in this, 
as in all other matters, will continue to be dictated by 
what is best in the public interest.” 

Mr. Roger T. Smith (Past-President, 1.E.E.; Presi: 
dent, Institute of Transport) then proposed the toast of 
“ Our Guests,” to which Sir Ralph Wedgwood, C.B., 
C.M.G., and Mr. W. E. Tyldesley Jones, K.C.. 
responded. 

A reunion was subsequently held in the Victoria Hall 
of the Hotel. 
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THE PROPULSION 


OF SHIPS BY ELECTRICITY.* 


By S.-B. Jackson, Student. 


(ABSTRACT of a Paper read before the NORTH-EASTERN STUDENTS” SECTION 28th January, 1927.) 


SUMMARY, 

After a short introduction to the subject proper the con- 
ditions of service, i.e. the loading of generators, is reviewed, 
and this is followed by a few notes on the control of elec- 
trically propelled ships. 

A short description of the types of motors used is given, 
and this is accompanied by a mention of a few of the more 
interesting points in the installations. Some of the main 
advantages of the electric drive are given and the author 
regrets that they are not beingaccepted. However, the author 
is of the opinion that conditions seem to point towards the 
installation of electrical equipment. 


INTRODUCTION. 

With the introduction of electricity in many industrial 
Spheres and the success which has attended these.applica- 
tions, it was not unnatural to divert attention to another 
sphere, viz. the application of electricity as a form of 
energy for the propulsion of ships. The experiment, 
however, was viewed with much scepticism, but it is 
now a fact that this application has passed from the 
experimental stage to one of proved and satisfactory 
practice. The many advantages which electricity 
offers in this sphere are well worth the attention of 
shipowners, shiphuilders and others engaged in the 
marine engineering industry. 

The first patent pertaining to electrically propelled 
vessels was that of Heilman, United States Patent 
No. 602325, 

FORMS -OF DRIVE. 


Owing i to the efficient speeds of turbines being high, to 
employ them necessitates the use of alternating-current 
generators, and where it has been decided to use direct- 
‘current motors and generators the Diesel engine is the 
usual form of prime mover. Moreover, when using a 
large number of Diesel engines driving a.c. generators, 
difficulties of parallel running are encountered which 
are absent when d.c. generators are employed. In a.c. 
equipments the speed variation is made on the turbine, 
the efficiency of the turbine not being very greatly 
affected, but in the d.c. installation the speed is changed 
by varying the electrical field, thus permitting constant- 
‘speed prime movers to be used. 

The sizes of Diesel engines as now built limit their 
application to electric propulsion equipments to about 
24 000 h.p., i.e. 6 engines each of 4000 h.p. capacity. 
In turbo-electric installations the largest sizes of turbo- 
generator equipment can be used, even to give 
200 000 h.p. at the propellers. 


LOADING CONDITIONS. 


As can be expected, the conditions imposed upon 
motors are very severe; hence the motors must be of 


* A Students’ Premium was awarded by the Council for this paper, and it is 
the practice of the Council in such cases to publish the paper, in full or in 
abstract, in the Journal. 
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robust mechanical and electrical design. When turning 
in small circles the inner generator is overloaded by 
about 50 per cent whilst the load on the outer screw 
falls to about 70 per cent of its full-load value. If the 
ship is rapidly brought to a standstill a very heavy 
overload, emounting to nearly 100 per cent, may be 
expected. 

A speed/torque curve is shown in the diagram, which is 
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AS torque, as percentage of full-load torque 


self-explanatory. Vessels can be brought to rest in 
remarkably short periods of time; hence the increase of 
manceuvring reliability for vessels of war, or for com- 
mercial vessels in cases of emergency. 

The power varies as the cube of the speed (with the 
addition of a small constant as determined by Froude) 
and the torque varies as the square of the propeller 
speed. The nature of the sea influences the power 
required, which may be said to be constant for a given 
speed. 


CONTROL. 


Field regulation is obtained in d.c. vessels by a poten- 
tiometer type of regulator, sometimes driven by a small 
motor. The operator cannot accelerate or decelerate 
too quickly, since a special type of overload relay is 
placed in the circuit to prevent this, to mention only one 
of the devices used. 

In a.c. vessels the control is slightly more complicated 
owing to the nature of the problems met with, but 
considerable ingenuity has been exercised to provide 
suitable apparatus. 

Control positions can be placed in any part of the 
ship, and in war vessels this feature is exceedingly 
valuable. 
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A short survey of the motors used, which must 


necessarjly:omit many of their interesting features, will 


be given. For a.c. vessels the motors are of one of the 


four well-known types, viz. induction motor, syn- 
chronous motor, asynchronous-synchronous motor, and 
cascade motor. In the first-named, two rotor-windings 
are employed, one of which is a high-resistance low- 
reactance winding, whilst the other is of low resistance 
and high reactance. At starting, the frequency of the 
rotor currents is at a maximum, thus the low-resistance 
winding chokes the current flow whilst the low-im- 
pedance winding allows.a heavy current to flow. The 
rotor current decreases as the speed increases, hence the 
current in the :high-resistance low-reactance winding 
decreases, the current in the other increasing to that 
required by the load, the function being automatic. In 
the induction type of motor, pole-changing is sometimes 
adopted. 

In the synchronous motor, specially heavy damping 
grids are employed on the rotor to give the required 
reversing torque. When the motor is synchronized it is 
first fully excited and then run up synchronously with 
the alternator. It is necessary to provide an auxiliary 
source of supply for the d.c. excitation. 

The asynchronous-synchronous type combines the 


advantages of both the induction and synchronous © 


motors. 

The cascade arrangement lends itself to application 
where for certain occasions low speeds are necessary. 
The type of d.c. motor used in steel-works gives 
entire satisfaction and can be easily adapted to 
marine work. Motors can be totally enclosed. 

The use of electrical equipment as a means of speed 
reduction is certainly much more efficient and reliable 
than mechanical reduction gears. Technical considera- 
tions also support this assertion. 


FURTHER ITEMS OF EQUIPMENT. 


Cables and switchgear must be of good construction 
and designed to stand immersion in water. The cables 
are carried in suitable ducts, and duplicate supplies to 


motors are used. Cable losses amount to about 0-05 per' 


cent, or even less. 

Armour-clad switchgear is very useful; apart from 
preventing flooding it is self-contained and compact. 
All electrical equipment must be suitably insulated 
against the saline atmosphere. 

High-pressure turbines utilizing efficient speeds are 
used and thus permit the use of highly efficient, large- 
capacity high-pressure boilers. Condensers are on the 
lines of those used in shore practice, 

In Diesel-electric installations the plant can be 
suitably disposed as in the case of turbo-electric vessels, 
owing to the absence of shaft tunnels. 

Suitable arrangements are made to ensure continuity 
of supply in the event of a. failure of an individual unit, 


A FEW. ADVANTAGES OF THE Purén DRIVE. 


(1) Speed reduction.—Electric transmission provides a 
simple, satisfactory and flexible arrangement. Gearing 
and its attendant disadvantages are thus eliminated. `: 


‘as an “astern ” turbine is not required. 
_ the Diesel-electric installation no complicated reversing 


' The reversing torque in both cases is much greater. 


12) Reversal. —A simple method of reversal is obtained, 
In the case of 


mechanism or large compressed-air receivers are required. 
The 
minimum amount of boiler steam is used in turbo-electric 
drives for reversal. Reversing turbines lower the overall 
efficiency. 

. (3) Steadiness of running and reduction of noise.—The 
speed of the motor is uninfluenced by the load upon it; 
hence racing of the propeller in a heavy sea is eliminated. 
Owing to the absence of gears and to the more suitable 
location of plant, noise is much reduced. 

(4) Elimination of shaft tunnels.—Since no shafts are 
required, generators can be placed near the boiler, piping 
losses thus being reduced. The shafts decrease the 
overall efficiency by about 2-0 per cent, whereas cable 
losses are very small. Convenient disposition of plant 


_and reduction in upkeep expenses are.thus made possible. 


(5) Power measuremenis——Energy can be metered 
accurately, enabling accurate data relating. to cost per 
unit of power to be established. Torsion meters are 
unreliable and inaccurate. 

(6) Low : maintenance costs.—Electrical equipment 
offers substantial reduction in maintenance charges. 
Superior turbine construction, elimination of gears 
(hence absence of vibration) and no maintenance of 
shafts all assist in lowering the maintenace charges. In 
Diesel-electric vessels small and light.engines have the 
same effect. As the compressor and.air vessel are not 
used, the maintenance charges are further lowered.. 

(7) Elimination of compressor and additional air 
vessel with Diesel-electric drive.—Lloyd's Registry .do 
not stipulate that these are to be carried for use in 
emergency. In electric vessels a small supply of air is 
obtained from starting bottles. 

(8) Design of turbine.—Improved design of turbines 
can be effectively utilized, and such turbines give corre- 
spondingly higher efficiencies. No “'“astern ” turbines 
are required; hence heat distortion is entirely obviated. 

(9) Use of superheated steam.—This is made possible 
by the better design of turbines, and an inorease of 
economy results. High-pressure boilers with their high 
efficiencies can be effectively utilized. 

(10) Propeller design.—As the motors can be designed 
to suit the most efficient speed, the greatest efficiency 
of. the’ propeller can be approached. Single-screw 
vessels have advantages over twin-screw vessels. 

(11) Reltability.—A large factor of safety is assured 
by the use of electrical equipment, owing to the sub- 
division of plant. In addition, electrical equipment is 
in itself exceedingly ió 
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The author is of the opinion that there is a great 
fiéld for the electric drive. Bias must not be allowed to 
influence the question’ of whether or not it should be 
adopted, and each installation' must be considered on its 
merits. The : author feels, however, that a certain 
amount of prejudice exists against the adoption of the 
electric drive. When this prejudice has been removed, 
economic conditions seem to point towards a more 


' general acceptance of that form of propulsion. 
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DISCUSSION ON “THE EFFECT OF CURVED BOUNDARIES ON 


DISCUSSION ON 


7 THE EFFECT OF CURVED BOUNDARIES ON THE DISTRIBUTION OF 
ELECTRICAL STRESS ROUND CONDUCTORS.” * 


Mr. C. Dannatt (communicated) : The paper is a very ` 


valuable contribution to high-voltage engineering, and 
many practical applications of the data which the author 


has made available suggest themselves. I should 
particularly like to refer to the usefulness of the paper 
in the design of high-voltage air condensers such as are 
used as standards of capacitance and phase angle in 
high-voltage bridge networks. Take the case of a flat- 


plate condenser shown in section in Fig. A, in which - 


the main electrode XY is provided with guard rings. 
By adopting accurate constructional methods the 


capacitance of the central portion XY of the condenser — 


is calculable, on the assumption that the electrodes are 
parts of infinite surfaces, to a much greater degree of 
accuracy than it can be measured. Owing, however, 
to the limitations of space, it is generally desirable to 
reduce the dimensions of the guard rings as far as possible 
without causing an error of more than a given amount 
in the calculated capacitance. Again, it is also desirable 
to choose the flares of such a radius as to prevent 
stresses much greater than that in the wofking part of 
the dielectric, since this leads to a further saving in 
space by enabling the working gradient of the main 


dielectric to be increased. Figs. 17 and 18 of the paper | 


provide this information immediately. As far as I 
know, the only other methods which have hitherto 


been available for obtaining this information are the - 


experimental method of plotting equipotentials using 


model electrodes in an electrolyte, and graphical flux- 
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plotting. It will generally be agreed that the author’s 
work renders both these methods obsolete for this 
particular application. With regard to the effect of 
the finite dimensions of the guard ring on the capacitance 
of the working portion, Figs. 20 and 21 are very useful 
if it is remembered that the charge per unit length 
of the electrode is 1/(47r) times the stress, so that the 
capacitance per unit length is uniform to the same 
extent as the stress. In cases where extreme accuracy 
of capacitance is not required, these curves will suffice 
to give the order of the length OX in Fig. A. Where, 
however, the capacitance value is required to a great 
accuracy, it is useful to be able to calculate the actual 
value of the capacitance of the condenser XY. It is 
shown in the paper that the increase in w (page 395) 
between any two points is 47 times the charge between 
these points. This enables the actual capacitance of 
the portion XD to be determined and compared with the 
capacitance calculated as for parallel plates. It is thus 
possible so to proportion OX and, XD as. to make the 
error in the calculated capacitance of XY as small as 


. * Paper by Mr. J. D. Cocxcrort (see page 385). 


is required. This enables the dimensions of sach a 
condenser to be kept down to a minimum, with conse- 
quent saving in space. Although the paper only enables 
this to be done for the flat-plate type of condenser, 
the order of the results obtained will probably hold for 
the case of the concentric-cylinder type of condenser, 
especially where the ratio of the outer to the inner 
radius is less than, say, 2. It would be interesting to 
have the author’s views on this point. 

Mr. H. W. Taylor (communicated): Papers such as 
this are usefúl additions to theory and, with the help of 
experience, enable further advances to be made in the 
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art of design: I feel, however, that the presentation of 
the subject must be simplified before it will appear to 
an appreciable circle of designers. Schwarz’s theorem 
is usually given as an expression for the differential 
coefficient dz/dt (using the nomenclature of planes adopted 
by the author), but the inversion of this coefficient, 
namely dt/dz, helps to a better understanding of the 
theorem from a physical point of view. If the T' plane 
is considered as having uniform flux streaming from the 
real axis, then dt/dz represents flux density in the figure 
in the Z plane when flux streams from the sides of the 
figure to the point corresponding to t = œ, and the use 
of such terms as (t-a) in the numerator or denominator 
provides that the density is zero at the inside of a corner, 
or infinity on the outside of a corner. The power to 
which, in accordance with the theorem, each term is 
raised ensures that the direction of flux density changes 
in direction at the corresponding corner so as always to 
emerge normally from the sides of the figure. The 
subject should preferably -be built upon a study of the 
simple figures corresponding to the mathematical func- 
tions and the calculation of stream-line systems which 
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can be associated with them. Development of more 
complicated figures by combination of the simple 
figures then follows and much can be done without 
advanced mathematics. This was probably the pro- 
cess by which, before the discovery of the Schwarz 
theorem, the late Lord Kelvin first solved the problem 
of the field around the edge of an electrified plate placed 
between two extensive earthed plates.* In other words, 
it is better to ask an engineer to consider a geometrical 
figure as representing the properties of a function which 
can be evaluated from tables than to ask him to consider 
an’ integral which, without the exercise of some mathe- 
matical skill in performing the integration, is useless to 
him. As an illustration, let it be known that Fig. B, 
with flux lines streaming from the upper surface, is a 
geometrical representation of the function known as the 
second elliptic integral; then, if the student be familiar 
with the effect of changing the modulus of the functions, 
it is obvious that Fig. C, which corresponds. funda- 
mentally to the author’s Fig. 16B, is obtained by the 
use of two second elliptic integrals of different moduli. 
Also Appendix 2, which applies ta this problem, becomes 
simplified when it is appreciated that to evaluate the 


. second elliptic integral between OA (Fig. B) Legendre’s 


tables for this integral are directly applicable, that 
between A and B (Fig. B) we use the difference between 
Legendre’s tables of the first and second elliptic integrals, 
and that between B and C Legendre’s tables for the second 
elliptic integral are associated with an algebraic term. 
Again, after a study of the representation of the inverse 
cosine by a semi-finite rectangle, it will be appreciated, 
first, that Fig. D may be built up from two such functions, 
secondly, that a curve can be introduced at the corner A, 
by duplicating each of the two previous functions, by 
changing the variable ¢ to (¢ + m), when m is numeric- 
ally less than unity, and, thirdly, that a curve may be 
introduced at B, by again duplicating the two original 
functions by changing the variable t to (t + n) when 
n is numerically greater than unity. This further 
development of the author’s Fig. 4 is well worthy of 
study in connection with the electrostatic stress distri- 
bution round the corners of large high-voltage stator 
coils. It seems that no method is yet available which 
allows us to stipulate circular arcs for the curves at the 
corners of the various figures, but in most cases in the 
paper curves are obtained which are as close to circular 
arcs as are obtained in most practical apparatus. It 
would.seem preferable, however, in all cases to fix 
constants and coefficients to suit the points at which the 
curved corners commence, rather than to stipulate üni- 
form current density round the corners of the figure. 
The latter procedure in regard to the author’s Fig. 4 has 
resulted in equation (6), which approximates the quadrant 
of an ellipse rather than the quadrant of acircle. Itmay 
be thought that to do this for Fig. D above would be an 
involved matter, but the process is numerical and it 
will be found that familiarity with the evaluations of 
complex functions from the tables brings facility and 
speed in the use of these methods of investigation. On 
page 390, in dealing with the problem involving the third 
elliptic integral, the author repeats the justifiable plaint 
made by previous authors to the effect that the process 
* See CAMPBELL'S “ Life of James Clerk Maxwell,” p. 341, 
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of finding two simultaneous constants to suit the 
dimensions of Fig. 5 is laborious. However, with the 
use of the tables of elliptic functions in Smithsonian 
Publication No. 2672, it has been found possible to 
calculate the relative dimensions of Figs. E and F for 
the possible parameters, moduli and amplitudes of the 
third elliptic integral.* As problems involving the third 
elliptic integral can be reduced to one or other of these 
figures, the calculation of such problems is thus much 
simplified. 

Mr. J. D. Cockcroft (in reply): Mr. Dannatt’s 
application of the paper to the calculation of the 
capacitance of the working portion of a cylindrical 
condenser is very interesting. The charge between 
any two points is 1/(47r) times the difference in w at 
the two points, the integral for w giving 
[Fa + 6) — 2) 

F(b—a) 

and the distance between the points being decided by 
the equation for OX on page 396. As an example of 
the results obtained, for the dimensions OX/g = 2:34, 
OC/g = 1:15, CX/g = 0-23, the capacitance of the 
portion XY is approximately 1-5 parts in 1 000 above 
the capacitance calculated from the flat-plate formula, if 
the curves of uniform stress are used. If curves of equal 
radii are used, the divergence of the capacitance from the 
flat-plate capacitance is in general greater. It has to be 
remembered of course that the calculations only apply 
strictly for infinite sides BA, but the effect of cutting 
the plates short after the bend will probably not seriously 
affect the results for the capacitance of the central 
portion. 

Mr. Taylor raises a very interesting question. The. 
purpose of the paper was not so much to interest engi- 
neers in the method of derivation of results as to present 
actual results for several of the most important cases 
in as usable a form as possible. If it is desired to 
interest designers in the method of deriving new results, 
then I fully agree that a simplification in the method of 
attack is desirable, and Mr. Taylor’s suggestion for 
building up the required figures from a number of 
standard cases which shall form the working stock-in- 
trade of the ‘‘ conformal transformer ”” is very ingenious. 
In actual practice one has already begun the application 
of the principle in making a collection of dimensions of 
standard figures for different values of the parameters 
involved, and these collections are applicable to many 
problems. It would be of interest to see the next step— 
the combination of different figures to obtain a required 
shape—developed at greater length. In particular, one 
would like to be saved the trouble of making one’s own 
collection for Figs. E and F by having Mr. Taylor's results 
collected. The question of the effect of curve shape has 
already been raised with reference to Mr. Dannatt's 
contribution and it is evident that cases arise where the 
curves of uniform stress might with advantage be 
adopted in practice. I do not think that the stress 
distribution for Fig. D would be much altered by intro- 
ducing a curve at A, since from Fig. 9 it is evident that 


. V 
w = — arc cosh 
T 


: the stress there is small. 


* See R. T. Cor and H, W, TAYLOR: “Some Problems in Electrical ae 
Design One Elliptic Functions,” Philosophical Magazine, 1928, Ser. 7, 
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PROCEEDINGS OF THE INSTITUTION. 


6 p.m. 


The minutes of the Ordinary Meeting held on the 


2nd February, 1928, were taken as read and were con- 


firmed and signed. 


Messrs. N. Elliott and B. Shallis were appointed — 


scrutineers of the ballot for the election and transfer 
of members, and, at the end of the meeting, the result 
of the ballot was declared as follows :— 


ELECTIONS. 


Associate Members. 


Akester, Arthur. 
Alderton, Percy. 

Ashton, Harry Wilkinson. 
Burri, Frederic. 

Crowther, Herbert William. 
Ellefsen, Ole. 

Hayward, Hartley. 
Hilton, Ernest Arthur. 
Holmes, Wilfred. 

Leech, Leonard. 

Lewis, William Luther. 


Modak, Narhar Gopal. 
Mousley, Harry. 


Richards, Dudley John E. ' 


Riches, Albert John, B.Sc. 
(Eng.). 

Rowbottom, Richard 
Albert. 

Smith, Harry John. 

Steel, Thomas Parker. 


Tavernor, Herbert Park- | 


hill. 


Webb, Sidney. 


Graduates. 


Allcock, Gerard Thomas, 
B.Sc.(Eng.). 

Armour, Alexander Kidd, 
B.Sc. 

Bamji, HormusjiFardoonji. 

Bawden, Samuel John. 

Clark, John Thomas. 

Cooper, George William. 

Das, Guru Prasad. 

Ghazi, Mustapha Hassan, 
B.Sc. 

Gill, Jack Howard. 

Hardman, John. 

Horrell, John Culwick. 

Johnson, Samuel Henry. 

Kirkwood, Ian Ward A. 

Longbottom, Jack. 


MacQueen, Alexander 
Cameron. 

Matthews, Harold Hum- 
phrey. f 

Mills, Thomas Herbert L. 

Naismith, Robert. 

Owner, John Scorgie. 

Oxley, Ernest. 

Ray, James Charrington. 

Reid, Robert Hunter A., 
B.Sc. 

Tointon, Wiliam Norman 
H. 

Tozer, Charles William. 

Whittle, Mark. 

Wijesinghe, Walter. 

Williams, Frank, B.Sc. 


Young, Launcelot Hector. 
Students. 


Allen, Frank. 

Alvi, Sardar Mohammad 
K., B.Sc. 

Attard, Anthony. 

Awcock, John Oswald. 

Bailey, William Norman. 

Baillie, George. 

Barker, Hubert George F. 


Batchelor, Dennis Auther 
W. 

Bennett, Douglas Temple. 
Blake, Kenneth Balfour. 
Bowers, Thomas Henry. 
Bramley, Lionel Napier. : 
Buck, Joseph Reginald. 
Buckland, Alec William. 
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768TH ORDINARY MEETING, 16TH FEBRUARY, 1928. 
Mr. Archibald Page, President, took the chair at — 


Studenis—continued. 


Bunker, Arthur Frederick. 

Byng, Ernest Frederick. 

Calwell, James Edmon- 
ston M., B.E. ` 

Carroll, Daniel. 

Chinoy, Habib Nurma- 
homed. 

Clark, Francis James. 

Cooper, Maurice Ranson, 
B.A. 

Cope, Stanley Trehearne. 

Cowling, Burton Eric. 

Crews, Thomas John. 

David, Oswald Thomas. 

Dinwoodie, William 
Alleyn J. 

Dube, Uma Charan. 

Edge, William. 

Ellwood, Percy. 

England, Robert Hassall. 


Evans, Evan John, M.Sc. 


(Eng.). 
Fair, John William. 
Farrer, Sydney. 
Fee, Donald John. 
Fenton, Wilfrid David D. 
Franklin, Ralph Herbert, 
B.Sc. 
Fraser, Herbert James. 
Gibson, Arthur Charles. 
Gillespie, John Murray. 
Gorton, Dennis Ford. 
Graham, Frank Edward. 
Greatorex, Hugh Twyford. 
Gregory, Cyril Ambrose. 
Gulati, Pratap Chandra. 
Gupta, Anil Kumar. 
Hall, Leonard Bruce. 
Handley, Leslie. 
Harris, Robert William L. 
Hawken, James Edwin. 
Healey, Albert James C. 
Hendrey, Ronald John. 
Holder, Tom Enfield. 
Jerome, Kenneth Herbert. 
Johnson, Arthur Howard. 
Just, Ernest James. 
Keir, James. 


| Kemp, James. 
' Kulkarni, Heramba 


Suryanarayana. 


- Lack, Philip Lewis. 


LeFevre, Marcus Emile L, 


Lenton, Herbert Savery. 
Linton, Cyril Dudley. 
Long, Thomas Alban. 
Lord, Eric Vincent. | 
Lynch, William Godfrey. 
Marchant, Albert Edward. 
Middleton, George Edward, 
BA. | 
Miers, Arthur Samuel. 
Moore, George Frederick, 
B.Sc. 
Newling, Vernon Henry. 
Noble, Henry Richard W. 
Nuttall, Thomas Clifford. 
Ogilvie, George Barry. 
Oliver, Andrew Bertram. 
Oram, John Edward. 
Parker, Reginald Pyrah. 
Patel, Jethalal Chunilal. 
Pegg, Thomas George. 
Pellett, Aubrey Albert. 
Pester, Reginald George. 
Phelps, George Edward. 
Poole, Philip Stanley. 
Pratt, Alan Anderson. 
Quantick, Owen John L. 
Range, Leonard William. 
Ridge, George Royston C. 
Rivas, William Aloysius. 
Roberts, David Bevan R. 
Roberts, Hubert. 
Robertson, Alexander 
Myron. 
Rogerson, Thomas Aloy- 
sius. 
Rose, Victor Reginald. 
Sallis, Balwant Singh. 
Salmon, Frederick Henry. 
Saxena, Mukat Behari. 
Singh, Gulab. 
Smith, Robert. 
Smith, Sydney Sylvester. 
Stephens, George 
Montague. 
Stephens, William. 
Story, Francis George. 
Sumpner, Robert Martin. 
Swiesinsky, Harry. 
Talbot, Frederick George. 
Tobin, William John E. 
Tyldesley, Arthur. 
Vivian, George Edward. 
Warren, Edgar Leonard. 
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Students—continued. 
Whittingham, William Wood, Kenneth Pem- 
Thomas. berton, B.A. 
Wood, Ernest. 
| Associate. 


Booth, Lancelot Hedley, M.A., LL.M. 


TRANSFERS. 


Associate Member to Member. 


Barker, Charles Gordon. 
Conway, John, B.Sc. 
Hamilton, John. ` 
Kidd, William. 


Lydall, Charles Hawthorne. 
Morland, Ernest Leonard. 
Rogers, Thomas. 

Sexton, Charles Ernest. 


~ Graduate to Associate Member. 


Almond, John. 

Atkins William Thomas J., 
B.Sc.(Eng.). 

Bacon, Douglas Charles. 

Barton, Thomas, B.Sc. 
Tech. 

Battersby, George Her- 
bert, B.Sc.(Eng.). 

Bayley, Godfrey George, 

Bayne, Walter Duckworth. 

Bishop, John Leo. 

Bradshaw, Arthur John, 

Coveney, Alexander 
Joseph, 


Cuffley, Walter. 

Ely, Raymond Edward V. 

Hardaker, Ernest Victor, 
B.Sc. 

Highway, Frank Gordon, 
Lieut., R.E. 

Lloyd, Harry, M.Eng. 

Phillips, Sidney. 

Rapson, Ernest Thomas A. 

Roberts, Albert. 


Sutherland, Frederick Neil, | 


B.A. 
Watson, 
B.Sc. 


Winder, Reuben Frederick. 
Student to Associate Member. 


Allsop, Charles. 

Ambrose, George Stanley, 
B.Sc. 

Booker,Standish Jerome G. 

Cameron, Charles. 

Coe, Reginald Thornton, 
B.A., M.Sc. 

Dell, Robert. 

Drucquer, Leonard. 

Egginton, John Leslie. 

Fowler, George Henry. 

Goodall, Laurence. 

Gorton, Eric John. 

Grove, Peter Fayle, M.A. 


Hancock, Raymond 
George. 


Hugh- Jones, Trevor Waite, | 


B.Sc.(Eng.). 

Jones, Harold Watson, 
M.Eng. 

Lawrie, Thomas, M.A. 

Littler, Herbert Arthur. 

Mackenzie, Angus Hugh, 
B.Sc. 

Meadmore, Claude Clement 
C. 

Sothers, Hugh Valentine. 

Wardle, Eric Bosward. 


Wrighton, James, B.Sc.Tech. 


Student to Graduate. 


Addenbrooke, John 
Hibell. 

Aldridge, Stanley Walter. 

Baldwin, Harold. 


Barker, Eric. 

Barlow, Herbert Dudley. 
Barrington, Ralph, B.Sc. 
Beaver, Eric James. 


Thomas Hugh, ` 


Student to Graduate—continued. 


Bee, Oswald Kestor. 
Berry, Jack Milton H. 


Bond, Foster William, 


B.Sc.(Eng.). 

Bramley, John Henry. 

Brockway, Cyril Hotston, 

Burton, William Charles 
L. 

Clark, William Henry V., 
B.Sc.(Eng). 

Curphey, George Alfred, 
B.Sc.Tech. 

Desai, Maganbhai Vagh- 
jibhai. 

Dixon, Stanley Henry. 

Emery, Arthur Joseph, 
B.Sc.(Eng.). 

Fleming, David Crawford, 
B.Eng. 

Gill, Benjamin Gerald. 


| Golding, Edward William, 


B.Sc.Tech. 

Gordon, David Alexander, 
B.Sc. 

Greenwood, Harry. 

Hague, Charles Kenneth F. 

Harper, Harold James, 
B.Sc.(Eng.) 

Hughes, Charles Wesley, 
B.Sc. 

Hutchinson, Frederick 
John, M.Eng. 

Kirkman, Douglas William 
T., B.Sc.Tech. 


Lawrie, James Saunders, 
B.Sc. 

Lucas, George Sail C. 

Lumby, Frank. 

McCartney, Hugh. 

Marks, Frank Edward T., 
B.Sc.(Eng.). 

Milne, William Hamilton. 

Nye, Edward Phillip. 

Parry, Herbert Watkin T. 

Payn, Cyril Thomas. 

Pidcock, Ernest Elvidge. 

Powell, Hugh Morgan, 
B.Sc.(Eng.). 

Revell, Edward Walter. 
M., B.Sc.(Eng.). 

Risley, Benjamin George 
H 


Scott, Douglas Murray. 

Scott, Edward Chalmers, 
B.Sc. 

Shafi, Sheikh Mohd. 

Smillie, John, B.Sc. 

Spencer, Alfred Nicholas, 
B.E. 

Tait, Roderick Urquhart. 

Thompson, Harry Ernest. 

Truman, Leslie Harold. 


Uglow, John Curtice, B.Sc. 


Verity, 
M.A. 

Wadham, Giles Anthony. 

Watt, Andrew. 

Wright, Ernest Theodor. 


Ronald Meysey, 


A cinematograph film entitled “ Voices Across the 
Sea,” illustrating the new Anglo-American telephone 
service, was shown, and, on the motion of the President, 
a hearty vote of thanks was accorded to Colonel 
T. F. Purves, O.B.E., and Colonel A. G. Lee, O.B.E., 
M.C., B.Sc., for the cinematograph film and for the 
arrangements made for the Joint Meeting with the 
American Institute (see page 663). 

A paper by Mr. D. S. Munro, Member, entitled 
“Modern Electric Wiring, particularly as applied to 
Small Houses” (see page 712), and a paper by Messrs. A. J. 
Milne, Graduate, and R. H. Rawll, Associate Member, 
entitled “The Domestic Applications of Electricity” (see 
page 735), were read and discussed. 

On the motion of the President a vote of thanks to 
the authors was carried with acclamation, and the 
meeting terminated at 8 p.m. 


Lieut.-Col. K. Edgcumbe, T.D., R.E.T. (Ret.), 
Vice-President, took the chair at 6 p.m. 

On the motion of Mr, Ll. B. Atkinson, the following 
vote of condolence with the family of the late Mr. 
Alexander Sigmens, Past-President, was passed, the 


769TH ORDINARY MEETING, 23rD FEBRUARY, 1928. 


members standing in silence: —“* The members of the 
Institution of Electrical Engineers have learned with 
profound regret of the death of Mr. Alexander Siemens, 
a Past-President of the Institution, and hereby desire 
to express their most sincere sympathy with the members 
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of his family in the great loss which they have sustained © 


through his death.”’ 
The minutes of the Ordinary Meeting held on: the 


confirmed and signed. 


A paper by Messrs. T. N. Riley, D.S.C., M.Sc., Member, | 


and T. R. Scott, D.F.C., B.Sc., Associate Member, 
entitled “ Insulating Oils for High-Voltage Cables ” (see 


| page 805), was read and discussed. 
16th February, 1928, were taken as read and were — 


On the motion of the Chairman a vote of thanks to 
the authors was carried with acclamation, and the 
meeting terminated at 7.45 p.m. 


770TH ORDINARY MEETING, Ist MARCH, 1928. 


Mr.Archibald Page, President, tookthechair at 6p.m. 

The minutes of the Ordinary Meeting held on the 
23rd February, 1928, were taken as read and were con- 
firmed and signed. 

A list of candidates for election and transfer, approved 
by the Council for ballot, was taken as read and was 
ordered to be suspended in the Hall. 


Dr. S. Z, de Ferranti, F.R.S., then delivered the 
Fourth Faraday Lecture, entitled ‘‘ Electricity in the 
Service of Man,” On the motion of Mr. F. Gill, 


‘seconded by Dr. A. Russell, LL.D., F.R.S., a vote of 


thanks to the lecturer was carried with acclamation, and 
the meeting terminated at 7,30 p.m. 


771sr ORDINARY MEETING, 15TH MARCH, 1928. 


Mr. Archibald Page, President, took the chair at 
6 p.m. 

The minutes of the Special Joint Meeting with the 
American Institute of Electrical Engineers by Wireless 
Telephony held on the 16th February, 1928, and of the 
Ordinary Meeting held on the lst March, 1928, were 
taken as read and were confirmed and signed. 

Messrs. W. S. Hunt and G. E. Smith were appointed 
scrutineers of the ballot for the election and transfer of 
members and, at the end of the meeting, the result of 


the ballot was declared as follows :— 


ELECTIONS. 


Associate Members. 


Brasher, William Kenneth, 
B.A. 

Carrothers, Charles George, 
B.Eng. 

Cook, Alfred George. 

De Salis, Antony Fane, 
Lieut.-Commander, R.N. 

Edwardes, Reginald 


Wilson. “Willans, Peter William, | 
Glaser, William Henry, M.A. 
M.A. | 
Graduates, 


Beaglehole, Keith, B.Sc. 

Bradford, Wilfred Brit 
tain. 

Brooks, John Joseph. 

Budge, James Walker, 

Clayton, William Henry. 

Dalton, Louis Fitzgerald 
V. 

Ellis, Percy. 

Fegan, William. 

Gardner, Frank. 

Godden, Frederick William, 

Greener, Ernest William. 


Greenwood, Ralph. 

Prest, Gerald Stanley. 

Rostron, Harry Maxwell. 

Somerville, Thomas Bous- 
field, B.Sc. | 

Van Vestraut, Leonard, 
M.A. 

Walton, Eric Charles B. 


- Hall, Percival Henry G. 


Hazelgrove, Harry. 
Jeffery, Clifton Adin K. 
Kidd, William. 

Loney, Herbert Howard. 
Plummer, Joseph. 

Potts, Leonard Kerr. 
Reilly, Stephen. 

Smith, Frederick Wilce. 
Taylor, John Delmore. 
Tetley, Colin. 

Thomas, Thomas Herbert. 


-Woollhead, Arthur, 


Students. 
Albutt, Edwin. Lumsdaine, Robert G. S. 
Alexander, Harry Alex- Maxwell, John. 


ander M. 
Badcock, Arthur. 
Baxter, Herbert Edward. 
Blake, James Butler. 
Bolton, Stanley Ernest. 
Cadby, Stanley Herbert. 
Campbell, Roy Francis. 
Chubb, William George K. 


| Corkhill, Arnold James. 
| Cotsworth, Walter Man- 


ning. 
Crawshaw, Bernard Slater, 
B.Sc.(Eng.). 
Dall, William Christie. 
Davies, Henry, Jun. 
Dempster, David, B.Sc. 
Dunn, Alwyn Walter. 
Edwards, Desmond Alex- 
ander C. 
Fisher, Lewis. 
Franklin, Alfred Leslie. 
Ginger, Lionel Alan McL, 
Godsell, Albert Edward. 
Gordon-Paterson, Arthur. 
Green, Sam. ` 
Grove, David Stevenson. 
Hall, Charles Dalrymple. 
Hayes, Denis Eley C. 


| Higginbottom, Frank. 


Hunt, Norman Herbert. 


Hunter, Tom de Rohan H:: 


Jain, Phool Chand. 

Khan, Mohammed Ina- 
mullah. 

Langbein, William. 

Langley, Arthur Henry. 

Laredo, Edward. 


May, Arthur Frederick. 

May, Eric Borton. 

Meakin, Frederick James. 

Minkley, Sidney John. 

Moores, Fred. 

Newing, Alan. 

Newlands, George Peter F, 

Newling, Sidney Kenneth. 

Nutbeem, Reginald. 

O’Malley, Stanley Scott. 

Osborne, Charles Percy. 

Parker, Arthur John K. 

Parker, Herbert William 
M. 

Parr, Bernard Arthur. 

Pearce, Edward Latimer. 

Pearse, George Alfred. 

Penfold, Owen. 

Plummer, Herbert. 

Potier, Oscar Norberto. 

Richardson, Ralph Cyril 
H., B.E. 

Ritson, Leslie Joseph. 

Robertson, George Archi- 
bald. 

Rose, Reginald Percy. 

Simpson, William Alex- 
ander. 

Small, Gordon Cyril. 

Sud, Awtar Singh. 


Swan, Frederick Raymond. 


Sykes, Charles Leslie. 

Tanner, Garcia Stanley. 

Taylor, William. 

Thompson, John Steven- 
son. 

Tregaskis, Paul Robins. 
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Students—continued. 


Ward, Arthur. 

Watson, Thomas Arthur. 
Wedge, Harry Frederick. 
Whitehead, Samuel. 


Wicks, John William. 
Wilkinson, Eric. 


Williamson, Leslie. 


Wotton, Wallace Cyril. 


Young, lan Falconer. 


TRANSFERS. 
Associate Member to Member. 


Boyle, Brudenell Plummer. 

Bunn, Noel Kingston. 

Callanan, Daniel. 

Herbert, Edward Dave A., 
O.B.E., M.A. 


Lock, Frank. 

Ozanne, Guy Durand, 
Major, M.C. 

Porter, Graham Leigh. 

Riggs, Walter. 

Turner, Philip Keston. 


Associate to Member. 
Frain, William. 


Graduate to Associate Member. 


James, Reginald North- 
cott. 

Allsop, George, M.Eng., 
Ph.D. 


Davies, Evan Daniel, 
B.Sc. 
Farmer, Albert Ernest, 


M.Sc.(Eng.). 
Henderson, John, M.C., 
B.Sc. 


Lissenden,Percival Horace. 

MacElwee, Norman Mac- 
Leod, B.Sc. 

Mann, Reginald William. 

Maxfield, George William. 


Norburn, William Henry J. 


Palmer, William Thomas, 
B.Sc. 

Russell, Cecil Ruffell, 
M.Sc. 

Russell, Ernest Stuart. 

Simmons, Thomas. 

Steel, Robert William. 

Storrar, Jack Hector. 

Thomas, Joseph, M.Eng., 
T.D.O. 

Thomsett, Bernard, 
B.Sc.(Eng.). 

Wrightson, Francis Baliol, 
B.Sc. 


Student to Associate Member. 


Bell, John, M.Sc. 
Colborn, Cecil Herbert, 
B.Sc. 


Davenport, Arthur Egbert. 
Edmunds, Thomas Martin, 
B.Sc.(Eng.). 


Student to Associate Member—continued. 


Jesty, Edgar Henry. 

Metcalf, Bernard Leslie, 
B.Sc.(Eng.). 

O’Dell, Hubert John S. 

Ridding, John Willett, 
B.Eng. 


Taylor, Ernest George. 

Wilde, Wilfred. 

Wilson, George Hulbert, | 
B.Sc.(Eng.). 

Withers, Bertie, B.Sc. 
(Eng.). 


Student to Graduate. 


Barrell, Frank. 

Beach, William Robert. 

Connolly, Reginald 
Charles H. 

Corner, Arthur Charles. 

Currey, John Heylyn. 

Dain, Frederick Charles. 

Deason, John Noel. 

Devereux, Reginald 
William, B.Sc.(Eng.). 

Dorte, Philip Hoghton. 

Erskine, David Beveridge. 

Fenemore, Alan Stephen, 
B.Sc.(Eng.). 

Hayes, Kenneth Alan, 
B.Sc. 

Hebditch, Edward Glad- 
stone. . 

Henson, William Joseph R. 

Hopkins, Bernard George. 


Knight, Rupert Pontifex. 
Lennox, Edwin Arthur, 
B.Sc. 
Marshall, George Norman. 
Mines, Richard, B.Sc. 
(Eng.). 
Oliver, Alfred Marriott. 
Oliver, George William. 
Quilliam, Leslie, B.Sc. 
Tech. 
Raymond, Neville John B. 
Richards, Alfred Stanley. 
Riley, Norman William. 
Sanders, Arthur Leslie. 
Telfer, John, B.Sc. 
Thomas, Ernest. 
Walker, Harry Parker. 
Watts, Donald. 
Woodiwiss, William. 
Woolgar, Leslie Vincent. 


A list of donations to the Benevolent Fund (see 
page 324) was taken as read, and the thanks of the 
meeting were accorded to the donors. 

A paper by Mr. W. T. Townend, Associate Member, 
entitled “Some Considerations of the Economics of 
Electric Power Production * was read by Mr. A. H. Dyke 
on behalf of the author, and was discussed. 

On the motion of the President a vote of thanks to 
the author was carried with acclamation, and the meeting 


terminated at 7.40 p.m. 


772nD ORDINARY MEETING, 22ND MARCH, 1928. 


Captain J. M. Donaldson, M.C., Vice-President, 
took the chair at 6 p.m. 

The minutes of the Ordinary Meeting held on the 
15th March, 1928, were taken as read and were con- 
firmed and signed. 

A paper by Mr. P. D. Morgan, B.Sc.(Eng.), Associate 


Member, entitled “ A Critical Study of the Current 
Rating of Low-Pressure Ordinary-Duty Fusible Cut- 
Outs * was read and discussed. 

On the motion of the Chairman a vote of thanks to 
the author was carried with acclamation, and the 
meeting terminated at 7.50 p.m. 


713RD ORDINARY MEETING, 291H MARCH, 1928. 


Mr. Archibald Page, President, took the chair at 
6 p.m. 

The minutes of the Ordinary Meeting held on the 
22nd March, 1928, were taken as read and were con- 
firmed and signed. 

A list of candidates for election and transfer, approved 
by the Council for ballot, was taken as read and was 
ordered to be suspended in the Hall. 


A paper by Mr. F. Lydall, Member, entitled ‘‘ The 
Electrification of the Pietermaritzburg-Glencoe Section 
of the South African Railways” was read and dis- 
cussed. The paper was illustrated by a cinematograph 
film and lantern slides. 

On the motion of the President a vote of thanks to 
the author was carried with acclamation, and the 
meeting terminated at 8.0 p.m, 
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Students’ Premiums. 


The Council have awarded the following Students’ 
Premiums for papers read before the Students’ Sections 


Council for the Year 1928-1929. 


The scrutineers appointed at the Ordinary Meeting | 
held on the 3rd May, 1928, have reported to the Presi- : 


dent that 1 240 ballot papers were returned, of which 
9 were spoiled, and that the result of the ballot to fill the 


vacancies which will occur in the Council on the 30th . 
| Premiums of the Value of £10 each. 


September next is as follows :— 


President: Lieut.-Col. K. Edgcumbe, T.D., R.E.T. : 
(Ret.) 
Vice-Presidents: P. V. Hunter, C.B.E., and A. H. | 
Railing, D.Eng. | 


Hon. Treasurer : Lieut.-Col. F. A. Cortez Leigh, T.D., 
R.E.T. (Ret.). 
Ordinary Members of Council: 


O.B.E,, F. W. Purse, E, H. Shaughnessy, O.B.E., Lieut.- 
Col, W, A. Vignoles, D.S.O.; (Associate Members) 
T. G. N. Haldane, S. Harcombe, M.A., B.Sc.; (Associate) 
Sir Philip A. M, Nash, K.C.M.G., C.B. 

The Council for the year 1928-29 will therefore be con- 
stituted as follows :— 

President. 
Lieut.-Col, K. Edgcumbe, T.D. R.E.T. (Ret.) 


The Past=Presidents. 
Colonel R. E. Crompton, Roger T. Smith, 
C.B. Ll. B. Atkinson. 


James Swinburne, F.R.S. J. S. Highfield. 
Sir R. T. Glazebrook, F. Gill, O.B.E. 
K.C.B., D.Sc., F.R.S. A. Russell, M.A., D.Sc., 
W. M. Mordey. LL.D., F.R.S. 
S. Z. de Ferranti, D.Sc., W. B. Woodhouse. 
F.R.S. R. A. Chattock. 


Sir John Snell, G.B.E. W. H. Eccles, D.Sc., F.R.S. 
Charles P. Sparks, C.B.E. Archibald Page. 


Vice-Presidents, 
Capt. J.M. Donaldson, M.C. Col. T. F. Purves, O.B.E. 
P. V. Hunter, C.B.E. A. H. Railing, D.Eng. 


Donorary Treasurer. 
Lieut.-Col. F. A. Cortez Leigh, T.D., R.E.T. (Ret.) 


Ordinary Members of Council. 
J. R. Beard, M.Sc. Sir Philip A. M. Nash, 
Major B. Binyon, O.B.E., K.C.M.G., C.B. 
M.A C. C. Paterson, O.B.E. 
A. F. W. Purse. 
F. 


5 W. Crawter. E. H. Shaughnessy, O.B.E. 


D. N. Dunlop, O.B.E. Prof. S. Parker Smith, 
T. G. N. Haldane, M.A. D.Sc. 
S. Harcombe, M.A., B.Sc. A. J. Stubbs. 
J. M. Kennedy. Lieut.-Col. W. A. ene 
H. Marryat. D.S.O. 
R.K. Morcom, C.B.E..M.A. H.T. Young. 

and 


the Chairman and immediate Past-Chairman of each 
Local Centre. 


(Members) J. M.: 
Kennedy, R. K. Morcom, C.B.E., M.A., C. C. Paterson, | 


during the past session :— 


Author Title of Paper Where read 
J. T. ALLAN, “The Education of the Birmingham 
B.Sc. Engineer ” 
R. C. Fox “The Three-Electrode London 
Carbon Arc” 
C. J. O. GARRARD “ Phase-Advancing ” Birmingham 
J. W. GibsoN, “ Control Equipment for Manchester 
B.Eng. Direct-Current and Liver- 
Trains ” pool 
E. A. LOGAN “ The Economical Trans- Newcastle 
mission of Electrical 
Power ” 
Premiums of the Value of £5 each. 
L. BuRDES “ Electric Lifts ” Manchester 
J. A. H.LLoyD “Carrier Telephone ‘London 


Systems ” 


Associate Membership Examination Results : 
May, 1928. 


Passed.* 


Abbott, R. S. (London). 

Adams, R. A. (St. Austell). 

Allcock, G. T. (Dundee). 

Banks, E. B. (Falmouth). 

Barstow, M. I. (Chester- 
field). 

Bedingfield, W. K. (Birm- 
ingham). 

Black, W. G. (London). 

Bond, R. (Morecambe). 

Chakravarti, S. P. (Lon- 
don). 


: Charman, F. J. H. (Bed- 


ford). 
Clayton, H. (Wigan). 
Collins, W. J. (Maidstone). 
Connolly, R. C. H. (South- 

ampton). 
Cook, A. D. (Greenock). 
Cooper, E. R. (London). 
Croft, C. P. (London). 
Davies, N. C. (Southsea). 
Duncan, N. L. (Doncaster). 


Dyson, E. V. (Hudders- 
field). 

Erskine, A. (Dunfermline). 

Faux, F. (Birmingham). 

Foot, J. B. L. (Southamp- 


ton). 
Gardner, F. (Leeds). 
Gaskell, J. L. (Leicester). 
Gibbs, W. E. (London). 
Gravett, R. M. (Wolver- 
hampton). 
Guthrie, H. J. (Dublin). 


Harris, G. S. (London). 
Hawkins, N. A. (Chatham). 
Heath, G. F. (Birming- 
ham). 
Hocking, C. J. (Plymouth). 
Hodgson, A. G. (London). 
Howard, W. A. F. (London). 
Hoyte, F. J. (Hinckley). 
Jackson, J. C. (Bradford). 
Jenkins, J. W. (Welling- 
borough). 


* This list also includes candidates who are exempt from, or who bas 


| previously passed, a part of the Examination and have now in the 
p y a rr ’ passed 
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Passed—continued. 


Kenyon, A. H. (Accring- 
ton). 

Kinnersley, J.R. (London). 

Lythgoe, W. H. L. (Graves- 
end). 

McCollum, G. (Belfast). 

Mackim, A. P. (Glasgow). 

McLaren, J. (Worthing). 

MacLeod, D. (Halifax). 

Mallalieu, H. (Hull). 

Mhatre, G. K. (Rugby). 

Murphy, E. (Coventry). 

Noble, J. E. (Hudders- 
field). 

Park, W. E. 
field). 

Peters, F. M. (London). 

Pienne, A. C. G. (New- 
castle-on-Tyne). 

Pierce, D. F. (London). 

Potter, S. (Japan). 


(Hudders- 


Woolgar, L. V. 


Poulson, A. G. B. (Wat- 
ford). 
Raahauge, G. A. (Hull). 
Reay, D. B. (London). 
Rogers, F. W. (Enfield 
Wash, Middx.). 
Rostron, F. (Oldham). 
Sherborne, F. N. (London). 
Sims, W. L. (Birmingham). 
Somerville, A. W. M. 
(Brighton). 
Spear, J. E. (Wembley). 
Sutton, G. J. (Dover). 
Topliss, M. J. (Grimsby). 
Webb, C. G. (Carshalton). 
Wells, W. H. (London). 
West, F. R. J. (Dundee). 
Whitney, H. E. (London). 
Willard, L. A. (Hutton, 
Essex). 
Wilson, J. C. (Northwood). 


(Dovercourt). 


Passed Part I only. ' 


Deason, J. N. (London). 

Dunn, J. F. (London). 

Hammond, E. N. B. 
(Daventry). 

Hardy, S. (Hull). 

Jordan, E. H. (Doncaster). 

Mittra, B. K. (Manchester). 

Newling, V. H. (Cardiff). 

Page, A. R. (Darlington). 

Pinhorn, R. V. F. (Lon- 
don). 

Roberts, H. (Llanelly). 


Smith, F. A. (Hull). 

Smith, J. R. P. (Birming- 
ham). 

Steele, J. H. (Chelmsford). 

Stephens, G. M. (Birming- 


ham). 

Stringer, J. E. C. (South- 
ampton). 

Whaite, S. C. (Ilford). 

Whitfield, J. (Southamp- 
ton). 


Wilson, S. (Hull). 


Passed Part IT only. 


Arnold, S. R. (Portsmouth). 


Crews, T. J. (Caerphilly). 
Linay, E. C. (Worksop). 


St. George, R. G. (Lon- 


don). 


Scudamore, C. J. (Maid- 
stone). 

Whiting, H. G. (London). 

Williams, J. W. M. (Lon- 
don). 


Further results, relating to candidates who sat for 
the Examination abroad, will be published later. 


‘Blackwood, J. A. (London) 


Associate ee On 
November, 1928 


The next Examination will be held on the 28th, 29th 
and 30th November, 1928. Candidates must (a) be 
either Students or Graduates of the Institution or (b) 
have lodged with the Secretary a duly completed form 
““ E” for election as Associate Member and have been 
informed that they must pass the Examination as a 
condition of election. Entry forms for the Examina- 
tion, which must be completed and returned by the 
lst October, and particulars regarding election to mem- 
bership of the Institution may be had on application to 
the Secretary. 


| Smith, W. G. (Manchester) 
. Sundar, P. M. Howrah, India) 


| Taylor, W. G. (London) ne ña 1 
Thursfield, F. (Hinckley) wie .. | 


The Benevolent Fund. 


The following is a list of the Donations and Annual - 
Subscriptions received during the period 26 June-25 July: 


£ s. 
Allward, M. J. (London) ae vá 
Atkins, J. W. (Calcutta) me: Sa em 
Bentley, J., Junr. (London) ; ES 
Billingham, G. W. (Birmingham) 


* 


ful 
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Brown, J. C. (Rugby) .. 

Chamen, W. F. (Llantwit Vardre T 

China Local Centre .. ee .. 10 

Clark, J. E. (Enfield) . > E : 

Clements, H. (Chuquicamata, Chile) se 

Coates, W. A. (Manchester) .. ee TER 

Cossens, C. H. (Cardiff) S 

Crocker, E. (Birmingham) 

Cross, L. J. (Southampton) 

Davie, J. F. (London) i 

Durrell, W. H. (Kanchrapara, India) 

Edwards, E. (Stockton-on-Tees) 

Elliott, F. F. (London) 

Fox, H. C. (Birmingham) e sis 

Griffin, J. G. (St. Albans) .. T iF 10 

Hadley, A. E. (London) gu si .. 110 

Hall, H. J. (Canterbury) S se s 5 

Hartley, R. K. (Beddgelert) .. A da 10 

Hayhurst, H. (Sheffield) sa P of 10 

Holland, A. E. (Hull) , 4 

Hollin, A. S. (Derby) 

Jackson, A. E. (London) s$ 

Johnson, E. M. (Brooklands, Cheshire) 

Johnson, T. M. (Rock Ferry) 
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SOME CONSIDERATIONS OF THE ECONOMICS OF ELECTRIC POWER 
PRODUCTION. 


By W. T. TowNEND, Associate Member. 


(Paper first received 10th June, and in final form 1st October, 1927; read before THE INSTITUTION. 15th March, 1928.) 


SUMMARY. 


The object of this paper is an attempt to point out the 
advantages of combining the production of electrical energy 
with that of coal by-products. It is also a plea for co-opera- 
tion between the mine owners and electrical engineers, 
especially in districts where there already exist efficient 


gas-engine stations utilizing waste gas, and in other districts _ 


where they can be efficiently erected and operated. 


It is an admitted fact that the Electricity Act of 1926 ` 


will have a very far-reaching influence not only throughout 


the electrical industry but also in the homes and lives of the 


people, and if therefore the thermal and financial aspects 
of that Act are carefully considered it should lead not only 
to cheaper electricity but also to a greater use of the coalfields 
as generating centres. 

It has been said in the past that the general view of the 
generation of electricity is too parochial, and that if the 
country as a whole is to benefit from the proposed re-organi- 
zation of the generation of electricity the widest possible 
outlook should be taken. This outlook must embrace the 
generation of electricity and also the possibility of reducing 
unemployment by encouraging the mining industry to co- 
operate, not only in the supply of fuels but also in that of 
surplus electrical energy. 


INTRODUCTION. 


No one can deny that this country owes its wealth 
and position to the presence of vast quantities of coal, 
which are to-day, however, rapidly diminishing. 

A study of the Board of Trade returns reveals the 
fact that the coal industry is far from satisfactory, 
the exports having fallen steadily from the year 1913 
to the year 1925. This is due to the scientific and 
economic results of the War, labour troubles at home, 
the vast exploitation of lignite coals and water power 
on the Continent, and to the substitution of oil for coal 
at sea. 

Can this lost export trade be recovered? It can, 
but only by the adoption of more scientific methods of 
coal-getting and coal-handling, and by a generalreduction 
in freightage rates which will assist to place this com- 
modity in the hands of the overseas buyer at such a 
price that it will compete with other forms of latent 
power. 

It would, however, be erroneous to assume that such 
steps as these will secure a permanent recovery, and 
we must therefore face this unpleasant position and 
consider how it can be turned to our advantage. 

This condition of affairs should give an impetus to 
the adoption of every form of power production: which 
will conserve our coal against the day of the revival 
of exports, and in the meantime bring back prosperity 
to the country through the other channel of manu- 


factured goods and products. To attain this end, 
greater use should be made of the present known forms 
of high- and low-temperature carbonization which, in 
addition to producing valuable by-products, including 
électrical energy, also yield residual fuel and coke for 
domestic and commercial use. 

It will be seen, therefore, that the production of 
electrical energy. is not an isolated factor but is closely 
allied to the greater problems of national finance and 


the conservation of energy. 


The City of Glasgow has already shown what can be 
done with the low-temperature carbonization process, 
a McLaurin plant having been in successful operation 
there for some time. 

During the general strike of 1926 the City of Birming- 
ham's power station at Nechells was practically kept 
running on pulverized fuel obtained from the coke-oven 
and colliery slag heaps, whilst a visit to either the 
North-East Coast or the Midland mining districts will 
show what is being done with the high-temperature 
process and waste-heat stations. 

One of the results of the recent Electricity (Supply) 
Acts is that the control of the generation of electricity 
is vested in the hands of the Central Electricity Board, 
the Electricity Commissioners and the various Joint 
Electricity Authorities throughout the country; an- 
other, consequent on this, is that the generation of 
electrical energy becomes a matter no longer of local 
but of national importance, and is likely therefore in 
the future to play an important part in politics. In 
order to view this problem in the right perspective, the 
broad or national point of view must be kept in mind. 

It will, of course, be realized that the national and 
individual points of view are divergent, the individual’s 
only concern being to obtain power at the cheapest 
possible price, whereas the national effort should be to 
secure the best return from every ton of fuel burnt 
either under boilers or in internal-combustion engines. 

At the present time electrical energy in this country 
is generated mainly by two forms of plants—steam 
stations, utilizing steam turbines and coal-fired boilers, 
and waste-heat stations employing either gas engines, 
worked from blast furnaces or coke-oven gas, or steam 
turbines worked from waste-heat boilers. 

It is the purpose of this paper to examine from a 
national point of view the pros and cons of these various 
methods. 

In subsequent pages frequent reference will be made 
to the national value of coal, and it would be well to 
explain at this stage exactly what is meant by this 
phrase. The national value of coal is the price which 
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can be obtained for this commodity if sold in the 
foreign markets of the world, and the estimated value 
of 22s. 6d. per ton has been arrived at from the official 
Board of Trade returns. 


STEAM AND WASTE-HEAT STATIONS. 


Taking first the case of the steam station, the power 
company or authorized undertaker has to purchase 
coal, paying the usual charges for freight. This coal 
in its raw state is burnt under the boilers and the 
ash or clinker is sold to breeze or concrete-slab manu- 
facturers, the units produced by this process being of 
course sold direct to the public in the usual way. 

The thermal efficiency of such a station to-day is at 
the best about 19 to 20 per cent, although efforts are 
being made to improve this figure. 

The case of the waste-heat station is, however, 
different and it would perhaps be as well at this point 
to digress and detail the different types of waste-heat 
stations under consideration. Broadly speaking, they 
may be divided into four groups :— 


(1) The coke-oven gas station deriving its power 
from the waste gas of coking plants employing 
regenerative ovens, and having a net calorific 
value of about 500 B.Th.U. 

(2) The blast-furnace gas station where the engines 
are supplied with waste gas from blast furnaces, 
which has a calorific value of about 100 B.Th.U. 

(3) The waste-heat station where recuperative ovens 
áre employed and waste heat in the form of 
burning gases is fired under specially designed 


waste-heat boilers, these in turn generating 


steam and driving turbines. 


(4) This is really a combination of the gas engine, | 


exhaust-heat boiler and low-pressure turbine, 
and consists of gas engines worked from coke- 
oven gas exhausting into low-pressure exhaust- 
heated boilers, these driving low-pressure tur- 
bines. 


In (1) the general practice is to combine a regenerative 
Oven with a gas engine, as the percentage of surplus gas 
obtained from this type of oven is from 50 to 65 per 
cent, against 15 to 30 per cent in the case of a waste- 
heat oven; the result is that the former yield a greater 
percentage of available power than the latter. 

It can safely be assumed that in general practice 
1 ton of dry coal carbonized by the high-temperature 
process yields 14 cwt. of coke, 95 lb. of tar, 3 gallons 
of benzol, and 30 lb. of ammonium sulphate, together 
with smaller quantities of other by-products and some 


5 000 to 6 000 cub. ft. of gas (dependent upon the type . 


of furnaces employed) at an average calorific value of 
500 B.Th.U. 

Such a system as this has been in use in mining 
districts for many years and can be relied upon to give 
a thermal efficiency of from 24 to 26 per cent after the 
by-products have been abstracted from the coal. 


The author is indebted to an important colliery group | 


in the Midlands for permission to publish the following 
results of this system which has now been in successful 
operation for some three or four years. 


The average cost per unit generated, taken over a 


year’s working, was 0-125d., and over a month has been 
as low as 0-118d. in some cases. These figures include 
wages, repairs, interest on capital and depreciation, on 
a total output of the order of 50 million units per 
annum. This station is supplying in bulk to a local 
undertaking at 0:4d. per h.t. unit, a figure which it is 
interesting to compare with the anticipated rates for 
the year 1940 as foreshadowed in the Weir Report. 

Taking, for example, Scotland and Central England 
with average load factors of 33 per cent to 35 per cent 
respectively, this Report estimates that the price per 
unit (h.t.) sold will in the former case be 0:4d. with 
a cost per unit sent out of 0-356d., and in the latter 
0-39d. with a cost per unit sent out of 0-345d. In 
both instances coal is taken at 16s. per ton delivered 
to the bunkers. 

Whilst this is the forecast for coal-burning steam 
stations in 1940, these results have been obtained for 
the last three years from waste-heat stations with 
coking coal valued at from 8s. to 9s. per ton at the 
plant. 


DISPOSAL OF By-PRODUCTs. 


It may be argued that if a big increase is made in 
the quantity of by-products, a point will be reached 
when the world’s markets are saturated, thus reducing 
the selling price of these products. 

From the figures given above it will appear that 
the biggest problem is the disposal of coke, but if 
considered in the light of modern practice it will be seen 
that this is really not so difficult a matter. 

It must be borne in mind that the new Electricity 
(Supply) Act of 1926 is a definite scheme backed by 
the Government to supply Great Britain with cheap 
electricity, which, if successful, will give a great impetus 
to the sale and use of many forms of electrical 
apparatus in the home and factory alike, the most 
important of such apparatus, so far as domestic use 
is concerned, being for electric cooking. 


ELECTRIC COOKING AND SLOW-COMBUSTION STOVES. 


In connection with this it is interesting to study 
some of the results already obtained from areas where 
electric cooking has been in use for some years past. „s 

Experience shows that the addition of a number of 
cookers on the mains of an undertaking is equivalent 
to a load factor of practically 50 per cent, and the 
effect, therefore, of large numbers of cooking consumers 
coming on the mains will be a decrease in the cost per 
unit generated, due to the improved load factor. 

It may be taken that a family of from three to four 
persons consumes, on an average, from 1 to 14 units 
per head per day and that above this number the units 
per head per day fall to about 1; this does not include 
restaurants, where the average consumption is of the 
order of from 0-3 to 0-5 unit per meal per head. 

Cooking by electricity for a household of four persons 
at 14 units per head per day is thus equivalent to, say, 
2 200 units per annum, which, at 14d. per unit, equals 
£11 8s., or at 1d. equals £9 3s. per annum. This, when 
compared with domestic coal at present-day rates of 
£3 per ton, is equivalent to 3 tons 16 cwt. and 3 tons 
1 cwt. respectively. If the cooking for the same family 
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were done entirely by coal, the annual consumption of 
fuel would be of the order of 5 tons, or £15 per annum. 
The present-day price for household fuel is of the order 
of 45s. per ton. 

Once the public have realized that electricity provides 
really the cheapest and cleanest form of cooking, there 
is little or no doubt that its use will become almost 
universal, with the result that the old pattern of fuel 
stove will become obsolete. 

Hot water will, however, still be required and can be 
generated by any well-known type of slow-combustion 
stove capable of burning coke. Here, therefore, is an 
outlet for coke, and the only question that remains is 
whether or not this outlet is large enough for the quantity 
of coke produced. 

In the year 1924 some 90 million tons of coal were 
used for steam-raising purposes in this country, and at 
the same time some 40 million tons were consumed for 
domestic purposes. 

Assuming that 65 per cent of the total consumed by 
domestic dwellings is burnt in the kitchen grate, this 
gives an outlet for the equivalent of 26 million tons of 
coal, assuming that all these consumers have installed 
electric cookers. 

Converting this figure to the equivalent calorific 
basis, and taking coal at 11 000 B.Th.U. and coke at 
13000 B.Th.U., this gives an actual equivalent of 
22 million tons of coke. 

Pursuing this point a stage further, it is found that 
in the same year (1924) some 122 million tons of coke 
were produced from coke-oven plant, which quantity 
was practically all disposed of to steel works, furnaces 
and the like. Again, during that period some 12 million 
tons of coke were made at gasworks, all of which coke 
was absorbed by private householders and stores for 
general domestic purposes ; and, as in that year electric 
cooking was practically in its infancy and yet all the 
gas coke was absorbed, it is reasonable to expect that 
as electric cooking becomes more popular the demand 
for coke will become greater. 

Furthermore, it is not unreasonable to suppose that 
as electricity becomes cheaper both electric cooking 
and lighting demands will increase, with a consequent 
decrease in the sale of gas and production of gas coke, 
so that more coke will have to be carbonized at the 
pithead and less át the gasworks, the net result of 
which will be a national saving due to the difference 
in cost of coal at the pithead and at the gasworks. 

The problem of the open-hearth fire is, however, 
rather different, as a hard or metallurgical coke—the 
result of abstracting all the volatiles from the coal— 
will not ignite and, therefore, for domestic purposes 
has to be used in conjunction with ordinary coal. If, 
on the other hand, some 5 to 6 per cent of the volatiles 
are left in the coke the result is a soft coke (or coalite) 
which will not only burn by itself but will also ignite 
in an open hearth. It will be seen, therefore, from 
the foregoing that the problem of the disposal of coke 
does not present such grave difficulties as may appear 
at first. 

With regard to the other by-products, namely tar, 
benzol and ammonium sulphate, tar is in great demand 
for road work, benzol for motor-cars, and ammonium 


sulphate for fertilizers, but whether the production of 
these in the quantities outlined would saturate the 
world’s markets is, of course, a subject beyond the 
scope of this paper. 

For reasons already explained the introduction on a 
large scale of electric cooking alone will create in the 
home a great demand for coke, which cannot be met 
by the gas companies, and this will therefore have to 
be dealt with by the colliery or by-product companies. 
If this state of affairs does arise, and unless the waste- 
heat stations attached to the coking plants are encour- 
aged to contribute their quota of surplus electrical 
energy to the “ grid ” mains of the country, the increase 
of utilizable waste heat (or energy created by this 
larger output of coke) will in fact be lost. 

On the other hand, however, if the colliery and coking- 
plant owners think that they have only to meet the 
demand for coke and are to be debarred from disposing 
of their surplus energy, they may, on the grounds of 
financial economy, refuse to increase the capacity of 
their coking plants, with the result that this country 
may have to import coke, which will not be in the 
interests of the nation as a whole. 


PULVERIZED FUEL. 


The more recent and successful introduction of 
pulverized fuel is yet another opening for the use of 
what up to the present has been considered to be wastc, 
namely, coal-dust residual, which is the fine coal dust 
deposited from the washing screens over which the 
crushed coking coal is passed. This fine coal dust has 
been found to be very satisfactory for pulverized-fuel 
firing; it has a calorific value of about 10 000 to 11 000 
B.Th.U. and is valued at about 8s. per ton at the pit- 
head. | 

Messrs. Newton, Chambers and Co., the well-known 
Midland colliery owners, have successfully used such a 
fuel as this in one of their plants at Rockingham. 
Details are given in a recent paper by Prof. D. Hay.* 

If this fuel were carried by rail to an authorized 
undertaking the price would at once be increased by 
at least 7s. per ton due to freightage, and probably 
at the same time the coal-owner, seeing a demand for 
what was before considered to be a useless product, would 
advance the price, so in the end the price of this com- 
modity instead of being 15s. at the bunkers would 
perhaps rise to 21s. or more. | 

In these circumstances it would probably be better 
to encourage the coal-owners to erect their own pul- 
verized-fuel stations and supply the electrical power in 
bulk, rather than run the risk of such an advance in 
price. 


COOLING WATER AND TRANSPORT COSTS. 

It is generally known that in the mining districts 
there is a lack of large quantities of river water and if, 
therefore, it is impossible to arrange for the steam 
station to be erected on the banks of rivers, it will be 
necessary to supply the condensing water from cooling 
towers and the make-up water from springs, which are 
usually plentiful in those districts. 
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In the same way the cooling water for the waste-heat 
stations can be supplied from cooling towers, whilst 
the quenching water for the coke ovens will be supplied 
from springs and streams as at present. 

The capital cost per kW for steam stations is estimated 
at £14. This, it will be appreciated, is only an average 
figure and is taken as applicable to both riverside and 
inland stations, and in comparing the capital costs of 
steam stations employing cooling towers or river water 
it should be remembered that the exigencies of a river- 
side site may introduce heavy capital expenditure for 
piers, channels and the like, so that in the end the 
advantages of riverside water are nullified and under 
these circumstances it might be better and cheaper to 
use cooling towers. 

For example, the total capital cost of a cooling-tower 
equipment to deal with a maximum load of 140 000 kW, 
including foundations, is of the order of £95000, or 
£0-68 per kW installed on a 160000 kW station, as 
against the figure given for Barking, where on 
133 000 kW installed the cost forrailway sidings, screens, 
culverts, wharfs and the like is £1-88 per kW. 

It is admitted that the gain in thermal efficiency 
due to the use of river water as compared with artificially 
cooled water is of the order of 4 to 5 per cent, but 
whether this gain will still hold good with sets of 
15 000 kW and over depends largely upon the facilities 
for handling large volumes of steam at high vacua. 
Such a problem is, however, a study by itself and is 
outside the scope of this paper. 

Accepting, however, the fact that there is a 4 to 5 
per cent thermal advantage in favour of the naturally 
_ cooled condenser, is this a material factor in the pro- 
posed scheme under consideration ? 

Taking the pulverized-fuel station (see page 916) as 
an example of thermal efficiency of 20 per cent and 
consuming 337 800 tons of coal at a total fuel cost of 
£135 100, or 0-076d. per unit sent out, and assuming 
that the circulating water is cooled by artificial means 
to a temperature of 75° F., thereby losing some 5 per 
cent of the thermal efficiency, in the circumstances the 
figures would be :— 


Plant thermal efficiency 19 per cent 
Total coal consumed ed 355 000 tons 
Total cost of coal at 8s. per ton £142 000 
Fuel cost per unit sent out 0-080d. 
Total cost per unit sent out .. 0-280d. 


or an increase of 1-45 per cent on a loss of 5 per cent 
thermal efficiency. 


TRANSPORT CHARGES. 


These are closely allied to those for cooling water and, 
if a true comparative basis between the artificially 
and naturally cooled circulating systems is to be arrived 
at, the one should be considered in conjunction with 
the other. 

The figure of 7s. to 8s. per ton for rail freightage 
is a fair average of present-day rates, which must be 
looked upon as a permanent annual charge against the 
undertaking situated some distance from the coalfields, 
and if this be either eliminated or even halved by the 
use of cooling towers this saving should be credited to 
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the station so equipped and should be offset against the 
capital charges and annual repair bill for the cooling 
plant. 

Take the same example as before and consider how 
these freightage charges will affect the running costs 
if in the first case the station condensing plant is 
naturally cooled and in the second artificially cooled. 

In order to obtain the necessary circulating water 
for naturally cooled circulating plant and a thermal 
efficiency of 20 per cent, it may be necessary to erect 
the station some distance from the coalfields and so 
incur freightage charges amounting to, say, 7s. per ton. 

Under these circumstances the total fuel charges on 
337 800 tons at 15s. per ton (8s. plus 7s. freightage) 
would be some £253 000. 

If, however, this station is erected at the pit head 
and a thermal efficiency of only 19 per cent is obtained, 
then the total fuel charges on 355000 tons at 8s. per 
ton would be £142 000, which shows an annual saving 
of £111 000 in favour of artificially cooled condensing 
plant. 

It should, however, be borne in mind that this increase 
in fuel consumption is only advisable when the station 
is running on cheap residual fuels which are of no 
export value. 

If, however, it is necessary to burn steam coal, 
thermal efficiency is of primary importance, and in 
these circumstances it would be better from the national 
point of view to erect the station on the river bank 
and so obtain the increased thermal efficiency, even at 
the cost of increased rail charges. 


FINANCIAL AND LEGISLATIVE CONSIDERATIONS, 


It may well be asked why, if the combined coking- 
plant waste-heat and pulverized-fuel stations are so 
efficient, they have not been put to greater use in past 
years. The answer is simple—legislation and finance 
have prevented the development of this source of 
electrical power. 

There are to-day in Great Britain some 150 coking 
plants in operation, nearly all of which are part of 
various colliery equipments or are under the direct 
control of the coal-owners, and from this it will be 
realized that the principal source of waste-heat energy 
is in the hands of the collieries, who, according to 
electrical legislation, are unauthorized undertakers. 
There are, however, a few exceptions to this rule, 
notably on the North-East Coast. 

Dealing with the financial side of this question, it 
has in the past generally been found that coal-owners 
were unwilling to put down plant for the supply of their 
surplus energy. There are a few exceptions (one of 
which has already been given) to this statement but 
these exceptions do not, however, have any real bearing 
on the problem as a whole except to afford examples 
of the economy that can be effected by the adoption of 
such a system. 

Generally speaking, however, the colliery companies 
have refused to consider such proposals as these, on 
the grounds that such companies are coal-mining con- 
cerns and not electricity undertakings and therefore 
object, for the benefit of some local electricity under- 
taking, to be loaded up with further capital for mains 
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and plant, on which the return is less than that of the 
companies as mining concerns. In addition, in order 
to give this supply it would be necessary to increase 
the output of coke and by-products, with the result 
that these might be a drug on the market and in the 
end perhaps be sold at a loss, thus having an adverse 
effect upon the company’s balance sheet. 

. An attempt has been made in this paper to indicate 
a channel for the outlet of coke, whilst the Electricity 
(Supply) Act of 1926 deals with the provision of the 
necessary finance for the transmission mains for the 
conveyance of power between the various generating 
centres and consumers. The capital cost of the generat- 


ing plant, however, remains, as before, chargeable to 


the company. - 

There is still the legislative aspect of this question, 
and here certain very interesting facts emerge. As 
already stated, practically all the waste-heat stations 
in this country are under the control of the coal-owners 
and are therefore not legally authorized undertakings. 
In the Weir Report attention is drawn to the advisa- 
bility of obtaining surplus electrical energy from such 
stations, and in the Electricity (Supply) Act of 1926 
these recommendations are dealt with under Clause 23, 
wherein the Board is given powers to purchase surplus 
electricity from any person or local authority and to 
lay the necessary mains for conveying the power so 
purchased. It is abundantly clear from the wording 
of this clause that the production of electricity from 
waste-heat sources is not looked upon as the foundation 
of electric supply, but as an accessory thereto. 

If, for example, the Board wishes to take advantage 
of the cheap prices quoted for electrical energy by a 
local waste-heat station, it can only do so by purchasing 
such energy from an unauthorized undertaking, and in 
order to convey this energy to its distributing centre 
it is entitled to spend public money. Whilst, of course, 
such a step is doubtless of benefit to the public, it is 
also of benefit to the undertaking and its shareholders, 
and here it should be remembered that the Board 
has no control over the dividend paid by such a com- 
pany, although perhaps it may spend public money to 
the advantage of the concern. 

On the other hand, if the Board did not spend the 
necessary capital for these transmission mains this 
source oí cheap power would be lost to the nation, as 
it can be taken for granted that the company, primarily 
a colliery company, would not entertain the necessary 
financial outlay. 

It is, of course, well known that the difference 
between the two types of undertakings, viz. the author- 
ized and the unauthorized, is that the first is supplying 
under its Provisional Order and is subject therefore 
to certain regulations and penalties, whilst the second 
is really a private station disposing of its surplus energy 
into the “ grid ’’ mains, or to an authorized undertaking. 
Over the first the Board has full control as defined in 
the Electricity (Supply) Acts, but over the second the 
Board can only exercise such control as may form 
part of an agreement between it and the private under- 
taking, and, unfortunately, the 1926 Act does not help 
in this direction, even to setting out suggested heads 
of agreement for such an occasion. This very fact 


913 


leaves the purchase of surplus energy in a nebulous 
state. It can only, as far as waste-heat stations are 
concerned, be purchased from unauthorized undertakings 


/ under agreements which are bound to vary according 


to the attitude adopted by the various companies, and 


| may in times of stress be the subject of negotiations 


and, perhaps, even lawsuits. For instance, if the Board 
were taking a supply under an agreement which con- 
tained a strike and civil-riot clause, how would the 


| operation of such a clause effect the working of this 


agreement in times of a national crisis such as a coal 
strike, and should the possibility of such an occurrence 
prevent the Board from obtaining such energy wherever 
possible ? 

The answer to this is that almost the first step would 


- be the closing down of the coke ovens due to lack of 


coal and labour, but on the other hand there would 
be a general falling off in demand for power due to loss 
of employment and trade. 

These events would have a serious effect upon the 
Board, which is under statutory obligation to supply 
the public with electrical energy, but the physical 
connection between the various types of stations will, 
with imported coal and fuel oil, assist the Board to make 
up the loss of waste-heat power. 

From this it will be realized that a supply from a 
statutory company is no more secure than that from a 
non-statutory waste-heat company, as neither legal 
agreements nor legislation can compel an undertaking 


: to supply electrical energy when there is neither fuel 


nor labour available. The difference, however, between 
these two undertakings is that whilst the first may 
maintain a supply from coal reserves or imported coals, 
the second has to shut down almost immediately as it 
has no large coal reserves nor can it work on imported 
coals. 


CONSIDERATIONS. 


A study of the problem on these lines leads one to 
the conclusion that different types of generating plant 
possess distinct qualifying characteristics and that if 
these are to be utilized to the fullest advantage the 
real solution lies in co-ordination and not in concen- 
tration. 

For example, in the interest of the nation is it better 
to burn steam coal or to generate by waste-heat plants ? 
Neither, as an isolated and distinct type, is the better 
for the nation's needs, for the steam station with its 
medium thermal efficiency at steady loads, coupled 
with its ability to meet sustained overloads without 
distress, could be used to the best advantage on the 
average daily loads, whilst the waste-heat station, due 
to its low generating costs and necessity for continual 
operation at maximum loads, coupled with the output 
of valuable by-products, appears to be the best solution 
for the steady basic loads. 

The development of one of these systems to the 
exclusion of the other would probably be a failure 
so far as the nation is concerned, but the scientific and 
economic co-ordination of both would, due to their 
divergent characteristics, yield the best results. For 
instance, the development of the coal-burning steam 
station may under certain conditions give cheap elec- 
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tricity—cheap in the sense of money, but yet costly 
in terms of thermal units—and, as the national capital 
is coal or latent thermal energy, such a station, whilst 
of advantage to the individual to-day, may, because 
of its relatively low thermal efficiency, be an encum- 
brance to the peoples of to-morrow. 

Both the Weir Report and the Electricity (Supply) 
Act of 1926 give facilities for the use of waste-heat 
stations, and it is surprising that up to the present so 
little use has been made of this source of energy. 

In the past the waste of coal was, owing to our lack 
of knowledge, unavoidable, but to-day it is inexcusable, 
because we have learned that the scientific pre-treatment 
of coal renders possible the full realization of its poten- 
tialities as a producer both of valuable by-products and 
of power. 

If the proposed “ gri system of mains is a step 
in the right direction to solve the problem of cheap 
electricity, it should be accepted as a ‘national asset 
and encouragement should be given to all economical 
generating stations to contribute their quota of power. 
Thus the nation as a whole would benefit by the co- 
ordination of various types of plants, each possessing 
certain characteristic qualities which are of material 
use to the varying needs of the people. 

In deciding the economic contribution factor of any 
station, consideration must be given not only to its 
ability to maintain à high unit output in terms of 
finance, but also to its value as a conservator of the 
nation’s coal reserves, and here the waste-heat station 
can play an important part, because it produces not 
only electrical energy but also by-products for disposal 
both at home and abroad. 

We are given to understand that the new Electricity 
(Supply) Act is to be the foundation of cheap electrical 
energy, which is fundamental to the nation’s trade and 
prosperity. If these foundations are laid upon the 
bedrock of sound financial and thermal economics the 
fabric will stand, but if not it will fall. 
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PROPOSED SCHEME. 


In order to examine more closely what these con- 
siderations mean, the author has decided to apply them 
to the problem of supplying the large industrial area of 
Central England as defined in the Weir Report. 

An examination of this Report leads one to conclude 
that the authorities intend to adopt, for the generation 
of electricity in this country, the usually accepted 
power-station practice of running one set all the week 
round for the basic load, another set for the mean daily 
load, and a third for the peak loads. This principle 
will be adopted in the subsequent proposals and, in 
order to view the general scheme from the right per- 
spective, this area must be considered’ as one large 
generating station, and therefore the starting up and 
shutting down of the “set” is equivalent to the 
starting up and shutting down of various stations as 
the load demarfis. The capital and running costs 
given later are only taken as applicable to deal with 
the public supply, and they do not take into account any 
capital and running charges that may be incurred by 

the various companies for their own internal supplies. 
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The following figures have been taken as representa- 
tive of modern practice :— | 


(1) Steam turbine stations—£13 to £15 per kW 
installed. 
(2) Gas engine stations—£18 per kW installed. 


Under the heading of running costs, (1) can be 
computed on the basis of fuel, waste, water, wages, 
repairs and maintenance. In the case of (2), no 
charge is made for gas or fuel, but the other items 
remain the same, the reason for this being that if the 
gas were not used in this fashion it would be wasted. 

This fact is borne out in the Commissioners’ returns, 
from which it will be seen that for the year ending 


-1925, waste-heat stations, principally those on the 


North-East Coast, contributed 186 million units against 
which no charge was made for fuel, the basic source of 
power. 

This area gives a maximum winter demand of 
160 000 kW and a minimum of 10000 kW, whilst the 
summer maximum and minimum are 125000 kW and 
10000 kW respectively, the total units sent out being 
of the order of 598 millions. To deal with this demand 
it is proposed to use waste-heat and pulverized-fuel 
stations, and in order to take advantage of the special 
characteristics of these various types of plant the load 
has been divided up into the following stages (see 
Fig. 1) :— 


Maximum Station 


demand , load factor 
kW per cent 
Primary basic load 10 000 100 
Secondary basic load 22 000 84 
Mean daily load 155 000 36-3 


The maximum load on each stage will therefore be 
as follows :— 


kW - 
Primary basic load 10 000 
Secondary basic load .. 12 000 
Mean daily load 133 000 


The units generated and sent out by each stage 
will be :— 


Units generated Units sent out 
Primary basic load 95 400 000 | 87 600 000 
Secondary basic load 96 100000 | 88 200 000 
Mean daily load .. .. | 467 000 000 | 423 000 000 
658 500 000 | 598 800 000 


By virtue of the fact that a waste-heat station 
requires a 100 per cent load factor on the coke ovens 
to ensure economical working, and that the storage of 
surplus gas in large quantities is a costly business, it 
is proposed that the primary and secondary basic loads 
shall be dealt with by such stations equipped with gas 
engines giving an overall thermal efficiency of the 
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order of 26 per cent. In order to save fuel these engines 
would be fitted with exhaust-heated boilers supplying 
steam to the stills and other steam-using plant. As 
the resultant coke would have to be for a mixed market, 
domestic and commercial, it is proposed to use taper 
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Tables 1 and 2 give the estimated capital and running 
costs of the stations under consideration. 

If, on the other hand, the mean daily load demand 
had been taken by a station burning steam coal, some 
337 800 tons of this fuel would have been used at a 
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Fic. 1.—Load curves for Central England, taken from Weir Report. 


silica ovens giving a high through-put rate, flexibility 
and an evenly carbonized coal. These would be divided 
into banks, those on the primary basic load producing 
metallurgical coke, and those on the secondary basic 
load domestic coke. 

The mean daily load is to be dealt with by steam- 
turbine stations, operating on the residual coal and 
slack dust from the coke ovens, which can be transferred 
from the crushing and washing plants to the stations 
by means of pipe lines or conveyor gear. 

In order to save banking losses and waste of coke- 
Oven gas over the week-ends when the load is low, it is 
proposed to bank the boilers by means of coke-oven 
gas transferred from the secondary basic-load plants. 

It is assumed that all these stations (mean daily load 
and secondary basic load) will be the property of the 
Same company or companies, and that the surplus gas 
so transferred will only be charged at a nominal sum 
representing the interest and sinking fund charges on 
the special pipe line for that particular purpose. 

Obviously, from the national point of view it is more 
economical to utilize the surplus gas in this way over 
week-ends, as this method maintains a high through- 
put rate on the coke ovens, which is of course conducive 
to efficiency and economy and at the same time saves 
the coal that would otherwise be consumed for banking 
purposes only. 


national value of £379000, and under this heading 
there is therefore a direct financial saving of £243 900, 
added to which, of course, the nation has conserved 
this quantity of coal. 

On the other hand, however, some 998 200 tons of 


Cost per unit sent out, 
in pence 


40 
Annual load factor, per Bent 
Fic. 2.—-Comparison of costs per unit sent out. 


coal valued at £449200 have been carbonized, which, 
in addition to producing some 176000 000 units, have 
also produced by-products to the value of £875 000. 
The average price per unit sent out is 0-248d., as 
against the figure of 0:345d. given in the Weir Report, 
a saving of 0-097d. per unit or a total saving of £242 000 
in respect of this item (see Fig. 2). The total savings 
aflected by this scheme amount, therefore, to £242 000 
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in respect of the unit, and £243 900 of steam coal, in 
addition to which the figure of £875 593 for by-products 
should also be placed to the credit side of the account. 


TABLE 1. 


Waste-Heat Stations—Estimated Capital and Running 
Costs on a Maximum Demand of 160000 RW and 
sending out 598 800 000 Units per Annum. 


Primary basic load. 


Units generated 94 400 000 
Units sent out .. s 87 600 000 
Maximum demand on plant .. 10 800 kW 
Maximum demand on feeders 10 000 kW 
Capacity of stations 15 000 kW 
Load factor... 100 per cent 
Capital cost at £18 per “KW £270 000 
Interest and sinking fund charges £27 000 


Running costs. 
Per unit sent out 
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necessary interconnecting trunk transmission mains, 
and if the estimated direct saving of £485 900 plus the 
additional income of £875 000 from by-products in this 


Fuel aise pi — 
Wages, repairs and stored: £37 800 0-103d. 
Capital charges, £27 000 0-0745d. 
Total cost per unit sent out .. 0°1776d. 
Secondary basic load. 
Units generated 96 100 000 
Units sent out . T 88 200 000 
Maximum demand on plant Es 13 000 kW 
Maximum demand on feeders 12 000 kW 
Capacity of stations 17 500 kW 
Load factor ; 83-8 per cent 
Capital cost at £18 per kW £325 000 
Interest and sinking fund charges £32 500 


Running costs. 
Per unit sent out 


Fuel A in — 


Wages, repairs and stores, £35 000 0-095d. 
Capital charges, £32 500 0-0884d. 
Total cost per unit sent out .. 0-1834d. 


CONCLUSIONS. 


It will be appreciated that the success of such a 
scheme as this depends upon three factors: (1) an 
ample supply of cheap residual fuels, (2) an assured 
outlet for the various by-products produced by the 
waste-heat stations, and (3) an adequate demand to 
absorb all the electrical energy. 

If the price is right and the area under discussion is 
energetically canvassed there can be little or no doubt 
that the outlet for electricity will be assured. 

The other two factors are, however, more difficult, as 
it can be taken for granted that the various colliery 
and waste-heat companies will not entertain the neces- 
sary capital outlay unless they are assured of a market 
for both their residual fuels and their by-products, and 
here the Government could help. 

It is already proposed to guarantee the electricity 
industry to the extent of £25 000 000 for providing the 


TABLE 2. 
Pulverized-Fuel Stations. 
Mean daily load. 
Units generated 467 000 000 
Units sent out . du T 423 000 000 
Maximum demand on plant .. 140 000 kW 
Maximum demand on feeders 133 000 kW 
Capacity of stations 170 000 kW 
Load factor gs 36-3 per cent 
Capital cost at £14 per kW £2 380 000 
Interest and sinking fund charges .. £238 000 
Coal at 8s. per ton (including handling) — 
Running costs. 
Per unit sent out 
Fuel, £135 100 . 0-076d. 
Wages, repairs and stores, £1 14 600 . 0-0€5d. 
Capital charges, £238 000 0-135d. 
Total cost per unit sent out .. 0-276d. 
SUMMARY, 
Average price per unit sent out. 
Units sent out. 
87 600 000 at 0-1775d. £64 700. 
88 200 000 at 0- 1834d. £67 400 
423 000 000 at 0- 276d. £486 300 
Total .. 598 800 000 £618 400 
Average per unit = 0:248d. 
Total cost of fuel. 
Mean daily load stations— 
337 800 tons of coal-dust residual 
at 8s. per ton E £135 100 
Primary and secondary basic load 
stations— 
998200 tons of coal ( A 
at 9s. per ton sl £449200 
£584 300 
By-products produced. 
Tons of coke, 698 740 at 15s. £523 555 
Tons of tar, 42 334 at 40s. .. £84 668 
Gallons of benzol, 2 994 600 at Is. 3d. £187 162 
Tons of ammonium sulphate, 13 368 
at 120s. £80 208 
£875 593 


area alone is worth having, the subsidy should not end 
here, but a part of it should be utilized to guarantee 
to the colliery and waste-heat companies feeding into 
the ‘‘ grid ” mains the interest on the additional capital 
required for the coking plants and generating sets 
necessary for the public supply. 

If some such steps as these be not taken we may 
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arrive at a time when, due to cheap electricity and the 
wholesale development of electric cooking, the resultant 
demand for coke for water-heating stoves may be such 
that it cannot be met by the gas companies. It will 
not be met by the coking or colliery companies, owing 
to lack of guarantees for capital on their plant or 
of outlets for by-products ; the only course then open to 
the country would be to import this commodity, and 
this would not be in its interests. 

As the supply of cheap residual fuels is inextricably 
bound up with the production of coke and by-products, 
these can only be obtained if encouragement be given 
to the colliery and coking-plant owners to develop 
their plant and dispose of their residual fuels to the 
various electricity undertakings, or to erect their own 
plant. 

We are told that the attitude of the British Govern- 
ment towards the pre-treatment of coal is that, if the 
process is a success, private capital will not be lacking 


for its development ; yet, on the other hand, the Govern- 
ment is proposing to guarantee the necessary capital 
for trunk mains in order that the public may benefit. 

As has been shown, these two, namely, coal distilla- 
tion and electric generation, are closely allied to one 
another. Why, therefore, should a guarantee be with- 
held from the one and granted to the other? It may 
be said that a good load factor is worth £25 000 000 
to the nation, this being the sum allocated under the 
1926 Act to the national trunk mains; and surely, there- 
fore, if it can be proved that by combining the dis- 
tillation of coal with the generation of electricity not 
only will the fuel costs be halved but also valuable 
by-products can be produced, then the coal distillation 
industry is worthy also of State support. 

To obtain this end; therefore, legislation should 
follow closely in the footsteps of science and be suffi- 
ciently elastic to embrace for the common good the 
result of research in both these fields. 


DISCUSSION BEFORE THE INSTITUTION, 15TH MARCH, 1928. 


Mr. W. B. Woodhouse: The author quite fairly 
states that the success of his scheme depends on an ample 
supply of cheap residual fuels, an assured outlet for the 
various by-products and an adequate demand to absorb 
all the electrical energy. If we could be sure of these 
conditions a great deal might be done in the direction 
which the author suggests, but they do not exist. The 
changing conditions of the fuel market, of the by-product 
market and of engineering chemical and scientific 
progress make it difficult to claim that any one solution 
of the fuel and power problem is the best or that the 
commercial compromise found best to-day will be so 
to-morrow. Moreover, if only the surplus is depended 
on, from five to six times the amount of coal must be used 
as would be the case if the coal were burnt to produce 
electricity direct, and the cost of the surplus is at the 
mercy of the market for the other products. The com- 
mercial problems in connection with the utilization of 
coal are not so simply solved but they are of great 
importance and deserve allourattention. The organized 
study of the problem of fuel economy gained a great 
impetus during the War. I think that the British 
Association Committee of which I was a member set the 
ball rolling in 1916; the Fuel Research Board was estab- 
lished in 1917 and since then much has happened. First 
the essential conditions of economy of power production 
have become generally realized. Secondly, the fuel 
market of the world has changed. With one accord every 
nation has started to economize coal, and those who 
produce coal have employed better methods of pro- 
duction, so that competition has become disastrous. 
In 1913 we exported 73 million tons of coal, and in 1919 
only 35 millions. Before the War we were transacting 
70 per cent of the sea-borne coal trade of the world, 
and the use of oil fuel for bunkering was very small. 
Our coal-export trade had increased 20-fold in 60 years. 
Since 1913 the use of oil fuel for marine work and of 
lighter oils for automobiles has increased enormously, 
and had it not been for the continued discovery of new 
sources of natural oil the situation would have been very 


different and the impetus given to the distillation of coal 
much greater. It is realized now that natural oil is a 
serious competitor of our coal and that it is necessary 
not merely to reduce the cost of getting coal but also 
to manufacture from it oils, spirits and other forms of 
fuel to meet the changed needs in the world markets. 
That is to say, we must endeavour to use the lowest grades 
of fuel in the most efficient way for the production of 
electricity at home, and to obtain coal products in the 
most highly manufactured form for export and as a 
substitute for imported fuel oils. I am at one with the 
author in believing that the producers of coal should 
co-operate with the suppliers of electrical energy, and 
indeed I find that those engaged in the coal-mining 
industry are fully aware of the necessity for co-operation 
with all those industries which distribute coal products, 
be they electrical, gas or chemical. But I think those 
of us who are engaged in trying to find the best solution 
have to face the fact that, with so many variable condi- 
tions, the commercial solution of to-day must be a 
compromise, and that whatever it may be it is most 
important to keep in mind the line of development 
we desire to follow in the future. From this aspect 
of the question one may consider present-day methods. 
First, I think that we should purge our minds of the idea 
of waste heat or waste energy as being “‘ something for 
nothing.” Waste heat is a misleading expression, and 
practical experience of attempts to use the waste energy 
of the wind or the tides, or of coke ovens or furnaces, 
more often than not emphasizes the truth of the Yorkshire 
phrase—‘‘ Nowt for nowt and very little for sixpence.” 
The problem of utilizing surplus heat or fuel is better 
approached by first considering whether the unmarket- 
able surplus can be reduced, and a little consideration 
will show that the prospect of doing so is not too remote. 
To-day the principal sources of surplus heat are blast 
furnaces and coke ovens. Consider first the blast 
furnace In the nature of the process of smelting iron 
a large amount of the heat energy put into the furnace 
must pass out in the gases. The introduction of the 
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hot blast reduced the fuel consumption; more accurate 
control reduced it still further, but to-day only one-third 
of the heat energy put into the furnace is used there. 
The commercial development consequent on this dis- 
advantage has been the concentration of processes of 
steel-making requiring heat and power round the blast 
furnaces so as to use the surplus in proportion to the 
production so far as is practicable. But a modification 
of the process of extracting iron from its ore without 
producing surplus heat would be fundamentally sounder 
and is being approached. The blast furnace and the 
iron and steel trades have called for the production of 
metallurgical coke in coke ovens. Here again progress 
has followed definite lines. The wasteful beehive ovens 
have been replaced by the by-product type, and the 
design and efficiency of the latter have been greatly 
improved in recent years. The successful commercial 
operation of coke ovens depends on the profitable sale 
of coke, tar oils, ammonium sulphate, benzol and gas, 
and a change in the demand for any of these products 
has its effect on the results. It would not be profitable 
to operate coke ovens for the production of gas if the 
market for the primary product, coke, is a bad one. 
That demand has varied greatly in recent years. In 
1913, 11-5 million tons of coal were carbonized to produce 
metallurgical coke; in 1925 only 7 millions. Similarly, 
the price of sulphate varied from £12 a ton in 1913 to 
£24 in 1920 and £11 in 1926, and the growing production 
of synthetic fertilizers is likely to depress the price still 
further. The price of tar oil and its derivatives depends 
on the world price of oil, and so long as new supplies 
continue to be found the price of coal-distilled oil will 
not increase. The production of other forms of coke, 
accompanied by a larger yield of tar oils, has attracted 
much attention to low-temperature processes, but it 
should be noted that the amount of surplus gas is much 
less than from coke ovens and, in most processes, its 
availability for the production of electricity is not a 
matter of prime importance. Where gas or heat is not 
the primary product the tendency of processes from 
which it arises is to reduce the quantity. Where gas 
is the primary product the case is different. The pro- 


duction of coal gas for distribution has been substantially | 


modified in recent years. Greater yields of gas are now 
obtained per ton of coal than were dreamt of 15 years 
ago, and practice has changed substantially, but the 
development has been definitely along the lines of 
increasing the quantity and importance of the primary 
product, namely gas. As a result of these considera- 
tions one may say definitely that the development is 
towards processes of coal distillation producing less 
uncontrolled surplus heat, and, in view of the chemical 
methods of producing coal oils, synthetically or otherwise, 
the probability is that in the near future processes of 
coal distillation will produce, if any, a negligible amount 
of surplus heat. From the power-production aspect the 
situation is much as I viewed it in my Presidential 
Address in 1924.* In any event, processes producing 
surplus heat for power production should be centralized, 
that is, concentrated in large groups and not established 
at each colliery, and consequently the transport of coal 
from the pits to the ovens will be necessary as it is in 
e Journal I,E.E,, 1925, vol. 68, p. 1. 


the case of a central power station. Assuming that 
sources of surplus heat will tend to decrease, the use of 
low-grade fuels becomes the most important considera- 
tion for the colliery owner. Slack coal, once unsaleable, 
is now sold at a price in accordance with its heat value 
and it has been found profitable to prepare it for the 
market by washing much of the dirt out of it at the pit. 
Cleaning by washing has its limitations—dry cleaning is 
producing promising results and it may be said that 
coal-cleaning processes are enabling coal to be put on 
the market to-day which in the past wds unsaleable. 
There is still much low-grade fuel, coal and shale closely 
intermixed, which cannot be cleaned by present methods. 
Some of this may be used in a pulverized form but 
there are limitations set by the cost of pulverizing; some 
of it may be carbonized, and there are prospects of 
improved methods of cleaning or of other treatment. 
The author’s argument is that this coal should be used 
at the pit on account of the cost of carriage. Where 
transport is necessary it is obviously more economical 
to carry a clean coal, but unless each pit has its own 
power plant some carriage is necessary in every case. 
To-day the use of some inferior fuels is ruled out on 
account of cost, but we may expect that the market 
price of any class of coal will approximate more and 
more closely to its steam-raising value and that, with 
proper treatment, classes of coal unsaleable to-day will 
find a market. It seems to me, therefore, that the 
practice of centralization of power production in large 
stations on sites chosen for the purpose is likely to con- 
tinue and that the provision of generating plant at each 
pit will decrease. Similarly, it seems as though surplus 
heat from distillation plants will become less and that 
that central station will depend either on fuel unsuitable 
for distillation or on a solid or liquid product of treated 
coal. If a scheme such as the author proposes can 
provide energy with the same security of supply at a cost 
less than the cost of extending the principal stations, it 
will be adopted. If not, colliery practice will be 
amended to fit in with economic needs and the national 
scheme. Dealing finally with a few matters of detail, it 
is a little difficult to follow the author’s figures. On 
page 911 he speaks of the present price of household 
fuel as 45s. a ton. On the same page he gives the heat 
value of household coal as 11 000 B.Th.U per lb. and 
that of fine coal dust as 10 000 to 11000 B.Th.U. If 
the latter is used for steam-raising at 8s. a ton and the 
cost of coke for the domestic hot-water apparatus is, as 
it would be, about the price of coal (45s. a ton), then the 
case for electrical heating seems a good one; many of 
us think that it is quite good without such an advantage 
of price. One is really puzzled by the statements in the 
second column of page 911 as to freightage and price. 
Why freightage should be at least 7s. and how, if the 
coal-owner can sell at 21s. instead of 15s., he is to be per- 
suaded to charge only 8s. for power production, is diffi- 
cult to understand. Surely the price of the coal at the 
pit is what someone is prepared to pay for it? Table 1 
is of interest as applying to a scheme which I fear is 
intended for some other country than ours—possibly 
Arcadia. The gas used to produce 94 million units a 
year is to be supplied free of cost, except that of interest 
and sinking fund on the pipe line. I use some 800 
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million cubic feet of gas a year for power production, 
but I have to pay for it. I am confirmed in my view 
that the author’s scheme does not apply to this country, 
where the burden of rates is often more than the coal 
bill, when I note that there are no rates, no taxes, no 
expenses of the Electricity Commissioners, no expenses 
of the Central Board, nothing for management and 
so—no engineers. 

Mr. S. J. Watson: The first point I wished to raise 
has been dealt with to some extent by Mr. Woodhouse, 
and that is in regard to the question of low-temperature 
carbonization. The author would lead one to believe 
that it is a complete success, but I am afraid that this is 
hardly the case. Some time ago the Chairman of the 
Gas Light and Coke Co. stated that his technical experts 
had visited various areas on the Continent and also in 
America, making inquiries into this question of low- 
temperature carbonization, and that as a result he had 
come to the conclusion that it could not be made a 
commercial success at that time. Whether quite recently 
the position has changed I do not know, and I should 
like the author to give a little more information on that 
point. On page 913 he mentions that individual interests 
and national interests may be quite different, but I do 
not think that position can be accepted. It seems to me 
that if individual industrialists manufacture their goods 
economically the nation as a whole benefits. Similarly 
if any action which is taken by a Government, for 
instance, results in a benefit to the nation, that also in 
turn benefits the individuals who make up the nation. 
The author refers to the use of slow-combustion stoves 
in domestic houses and the necessity for larger supplies 
of coke. Most of those present are electrical engineers, 
but I do not think we should all advocate the use of 
electricity for every purpose in the house. I am con- 
vinced that the use of these slow-combustion stoves is 
increasing very rapidly, particularly in those areas where 
energy for heating or cooking costs 3d. to 4d. per unit, 
and, unfortunately, there are many areas in and around 
London where these prices are charged to-day. In 
any case, a stove burning coke or some sort of fuel in a 
house at the present time is absolutely essential in order 
to get rid of the ordinary debris which accumulates 
in a house. The author goes on to suggest that slurry 
should be converted into pulverized fuel. He mentions 
a figure of 10 000 to 11 000 B.Th.U. as the thermal value 
of that slurry, but I cannot understand how he arrives 
at such a figure. It certainly is not the gross value, 
because slurry often contains, 1 suppose, 40 to 60 per 
cent of moisture, and in many -cases it also contains 
25 to 30 per cent of ash. On the other hand, it can 
hardly be the net value when it has been thoroughly 
dried. It is, therefore, quite wrong to base any conclu- 
sions on a value of 10 000 to 11 000 B.Th.U. for such a 
material. In addition, if the demand for these inferior 
fuels increases, the price is certain to be raised. It is 
only because in certain cases great quantities have accu- 


mulated that some people have been able to get it’ 


cheaply. Again, one must be careful not to commit 
oneself to the use of a material which in the course of 
time may not be available. The author mentions that 
some 186 million units have been obtained in different 
parts of the country from waste heat absolutely free of 


cost, but I think he is somewhat optimistic. In many 
cases bargains have no doubt been made whereby the 
supply undertaking can get a large number of units at an 
extremely low price. Often part of the consideration 
is that the works belonging to the industrialist shall 
be supplied from the plant, which is in many cases, I 
believe, put down free of cost. But he is still left with 
the expenditure necessary to utilize those units, and 
with certain other working expenses. I am in entire 
agreement with Mr. Woodhouse’s view that there is not 
likely to be any development of the erection of big power 
stations at pit heads. In the first place, as the author 
points out, it is very unusual to find adequate natural 
water in the neighbourhood of pits, and therefore 
cooling towers must be erected, thus reducing the 
economy to be expected. In one or two cases power 
stations have been erected fairly close to pit heads 
because it was anticipated that coal could be obtained 
at a cheap rate. One station that I have particularly 
in mind had not been very long established before it was 
found that it was more economical to get the coal from 
other pits situated 20 or 30 miles away. Many of the 
pits are being exhausted, and some time after a large 
power station has been built near a colliery the coal 
seams may be found to have worked out, and the anti- 
cipated benefit would never materialize. The question 
of pulverized fuel is dealt with in the paper, but it has 
yet to be clearly demonstrated that pulverized-fuel 
firing is materially better than other methods of firing. 
On page 914 the author refers to the various types of 
load. The different classes of load which a large power 
station has to handle may be divided into four parts. 
The first part, which is the true basic load, represents 
approximately two-tenths of the full maximum load. 
The next portion of the load is what may be termed 
the summer day load, which amounts to about five- 
tenths of the total maximum load, another two-tenths 
represents the difference between the day load in the 
summer and the day load in the winter, and the remain- 
ing one-tenth is the customary narrow peak on the winter 
load curve. 

Mr. J. G. Griffin : The author apparently accepts as 
an axiom that the whole of the national supply must be 
generated by steam turbines. For the last 17 years 
I have been mainly engaged in generating electric energy 
by means of Diesel engines, and I should like to put 
forward a few figures and arguments which indicate 
that a good deal can be said, on the grounds of economics, 
to prove that an important portion of the national 
peak load can with advantage be taken by Diesel 
engines. What Mr. Woodhouse said in regard to the 
possibility and probability of oil fuel being available 
shortly from British coal strengthens the case for Diesel 
engines. The upper portion of Fig. 1 shows the winter 
load for Central England. To the two lines at the 
bottom labelled “ secondary ” and “ primary” basic 
loads, I suggest that another at about 130 000 kW, to 
be called the ‘‘ steam ” load line, should be added. Above 
that line there is a maximum load of 30 000 kW which, 
on a six months’ load, works out at about 10 per cent 


load factor or a 40 per cent running-plant load factor, 


which gives about half a million units per week for the 
six months. If that 30000 kW and half a million 
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units per week is generated by steam plant under ordinary 
conditions it will probably be agreed that the cost will 
not be less than 0-55d. per unit generated, allowing 
for stand-by costs and for the low load at which the 
plant would run on a load factor averaging not over 
40 per cent. On the other hand, Diesel engines have 
a comparatively high thermal efficiency at low loads, and 
it can be safely assumed that on such a load with 40 per 
cent running-plant load factor the cost per unit generated 
by the Diesel engines would not exceed 0°8d. This 
gives a balance in favour of steam plant of, say, jd. 
per unit or, on the half million units a year taken over 
26 weeks, about £13700 per annum. In a recent 
article in the Engineer figures are given showing that 
Diesel plant can be installed complete in a new power 
station at about £14 per kW for 7 500-kW sets. If, say, 
four sets of this size, which would give 30 000 kW, were 
distributed in main receiving stations in the area referred 
to they could be installed for, at any rate, £16 per kW. 
Taking the life of the Diesel engine at 20 years, though 
the life would be indefinite on such a load, and making 
an allowance of 8 per cent per annum, the capital charges 
would amount to £1:28 per kW. Against this the 
Central Board's charge is, I believe, £3-8 per kW, it 
being raised to that figure because of the capital cost 
of the transmission lines, the maintenance, and the 
transmission and transformer losses; that is to say, 
£3:8 against £1-28, or, say, £2 10s. per kW per annum in 
favour of the Diesel engine, and taking 30 000 kW that 
would amount to £75000 a year. From that has to 
be deducted the cost of generating by Diesel engines, 
leaving over £60 000 a year for that area in favour of the 
Diesel engine for these peaks. Apart from economics 
there are very obvious advantages in having in the main 
receiving stations independent prime movers such as 
Diesel engines of a few thousand kW which can be started 
up at a moment’s notice and put on to full load within 
two or three minutes. This advantage does not need 
emphasizing. 1 therefore submit that the claims of the 
Diesel engine at peak load on a national supply should 
receive more favourable consideration than they appear 
to have had up to the present. 

Mr. A. B. Mallinson: The author proposes to use 
some 337 800 tons of fine coal, which is to be burnt in a 
power station at the pit bank, thus avoiding the costs of 
transport. In round figures that is 1000 tons a day 
which the coal-owner has practically to give away at 
about 7s. a ton. If coal has to be drawn from several 
collieries, even if their shafts are only a mile or two 
apart, the price will rise rapidly because loading and 
unloading constitute the chief items in the cost. This 
subject is not new. About 20 years ago a producer-gas 
plant with a capacity of about 20 000 kW was installed 
in North Staffordshire. Some 4000 to 5000 kW was 
generated by gas engines, and the balance used for 
firing Lancashire boilers. There were also two batteries 
of by-product coke ovens which at the time of the War 
were one of the biggest units in this country. That 
plant functioned fairly well but never gave the results 
aimed at. In North Staffordshire the waste-coal heaps 
that are scattered about were always burning, and the 
origin of the plant was a discussion as to whether it was 
not possible to make use of that so-called ‘‘ dirt” and 


' power at a reasonable price. 
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generate gas from it. Analysis showed that it contained 
between 50 and 60 per cent of ash. Tests made indi- 
cated that it would gasify, and accordingly the plant 
was installed, but in commercial operation it was found 
impossible to get rid of the ash effectively. Eventually 
the company had to buy low-grade coal from other 
collieries to keep the plant running. Throughout the 
War the plant was thus operated, and in 1920 they m- 
stalled Babcock boilers in place of two of. the thirteen 
gas producers. Fortunately for them these boilers and 
steam turbines to drive from them were in position when 
the coal strike of 1921 took place. The gas plant had 
to shut down immediately because the 250 men required 
to operate it went on strike. The colliery pumps, etc., 
were run throughout the strike by about half a dozen 
old men who operated the new steam-turbine power . 
plant. The gas engines are still there but have never 
been in operation since 1921. The lesson of this plant 


‘should not be forgotten; large gas power plants on the 


pit bank, requiring, as they must do, a large number of 
men to operate, are too vulnerable in time of strife. 

Mr. J. Godber: I welcome the broad proposal that lies 
behind the paper, i.e. that the utmost use shall be 
made of the coal which the coal-owner has to raise, and 
especially of that balance of it which is carbonized in a 
coke oven. Low-temperature carbonization may be a 
success in the future but it is not so to-day. The high- 
temperature oven must continue to be used if metallur- 
gical coke is to be produced, and the coal carbonized in it 
must have all its products recovered and sold to the best 
advantage if the iron and steel industry of this country 
is to procure at a reasonable price the fuel which it needs. 
On page 914 the author presumes that gas will be sup- 
plied to the generating station free of charge, but it is 
the possibility and the hope of turning to economic use 
all the gas produced that is one of the inducements to 
the coke producers to go ahead to-day. One objection 
to supplying this gas free or at an uneconomic rate to 
the generating station is that the gas industry is paymg 
for it, and it would naturally object if a similar gas was 
supplied at an uneconomic rate to promote what they 
might consider to be unfair competition with their 
industry. This gas has an economic value as a fuel 
and my point is that that should be secured. There 
are obvious difficulties associated with the construction 
of a generating station near a pit, but I know that m 
groups of pits such a method as the author puts forward 
has been and is in active operation and is producing 
The possibility of strikes 
causing a stoppage of the power dependent upon coke- 
oven gas should not unduly influence us. Those power 
stations dependent upon coal will, in such a contingency, 
be no better off than those using gas derived from coke 
ovens. The one could as well import and use foreign 
fuel as the other. The author suggests Government 
assistance. I look askance at this, as Government help 
means Government control in some form, and I dislike 
such a prospect. 

Prof. W. Cramp: The author suggests that gas 
stations should be used to supply gas over the week-end 
for the light load, and he also shows quite clearly that to 
get the best result from a steam station there must be 
an adequate supply of cold water near at hand; that 
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is to say, he does not on the whole favour cooling towers. 
Yet the gas is to be burnt under the boilers presumably 
at the stations where the steam-turbine sets are. Either 
these steam-turbine sets must be at the colliery with 
cooling towers, or the gas will have to be taken for many 
miles until the water supply is reached. There seems to 
be a contradiction here. To come to the main pro- 
position of the paper, the author suggests that the 
nation should subsidize private firms against expenditure 
on plant to be used for national purposes, and that the 
subsidy should take the form of interest guaranteed on 
any money invested in that way. But if a private firm 
feels that the interest on money invested is guaranteed, 
it is contrary to human nature to suppose that the 
plant will be run as economically as when that interest 
must be earned. Therefore the proposal, while it may 
benefit users of electricity, would not, I think, benefit 
the nation as a whole. Apart from that there are, in 
my opinion, two fundamental misconceptions involved 
in the paper. The first is the proposal that gas engines 
should carry the primary and secondary basic loads. 
Now the basic loads are the long-hour loads, and that is 
precisely the type of load with which a gas engine is least 
fit to deal—I do not mean economically, but from the 
point of view of maintenance and reliability. The 
author mentions basic loads of over 30000 kW. Has he 
any idea of the number of cylinders there will be in his 
gas engines to cope with such a load? Does he realize 
that a gas engine, unless it has a water-cooled piston, 
cannot deal with more than 150 h.p. per cylinder? If 
he has had experience, as I have, of running vertical gas 
engines of 120 h.p. per cylinder on coke-oven gas, day 
and night throughout the week, he must be rather 
optimistic to put forward this scheme. The other mis- 
conception, I think, is this. The author looks forward 
to a time when, unless steps are taken, it will not be 
possible to supply the amount of coke required by 
private consumers for domestic coke stoves. Here I 
think a few figures may be useful. I have kept records 
of coke stoves for domestic water-heating, and I have 
compared them with the electric water-heating that 
can be carried out, say, in a city like Glasgow, where 
electricity can be had during the night at $d. per kWh. 
I find that with coke at 39s. a ton in a house which 
requires approximately 50 gallons of water per day at 
an approximate temperature of 170° F. the cost of 
running the coke stoves is about 4-67d. per day; and 
in the Glasgow scheme for the same quantity of water 
the figure would be about 54d. The price of coke has 
not to rise very much before that 4-67d. becomes 
5-25d.; in other words, the margin between the two 
even at present is too narrow to ensure that the house- 
holder will use a coke stove. The coke stove requires 
attention; it must be kept going night and day. Is 
it not, therefore, more probable that water will be 
electrically heated when storage systems are pro- 
perly understood, than that there will be a contmual 
increase in the use of coke stoves? Indeed, I think it 
would be wrong to deny such a probability and still more 
wrong to take steps now to provide coke for such an 
undesirable contingency. There is another point I 
should like to mention in connection with coke stoves. 
The author refers to two classes of coke, metallurgical 


coke and gasworks coke. The latter he proposes to 
sell to users of coke stoves. I have had experience of 
both, and I find that the former is not only cheaper, but 
it is by far the better material for burning in a coke 
stove. Gasworks coke contains slag, shale and other 
impurities, whereas metallurgical coke will burn all day 
with practically no slag, no excessive ash and no clogging 
of the grates. 

Mr.G. W. Partridge: One of the essential require- 
ments in connection with electric supply is “ continuity.” 
The author proposes to spend 24 million £ on a station 
to be erected practically on the top of a coal mine. I 
venture to think, from the point of view of strikes, 
lock-outs, etc., that to have a large station such as this 
dependent on one body of miners working one particular 
supply of coal would be a mistake. I have no doubt 
that the author would obtain in the power station he 
described a satisfactory efficiency by the use of cooling 
towers, but it must be borne in mind that whatever 
efficiency is obtained at a power station will have a small 
influence on the ultimate cost of the current, owing to 
additional costs of transmission and distribution, rates 
and other charges being added.: In my own case the 
amount paid for rates last year was 40 per cent of the 
fuel bill. I think that the author is rather optimistic 
on the question of low-temperature carbonization, and 
1 agree. with Mr. Watson that up to the present it has 
not proved to be a commercial success. 1do not consider 
that it is a practical proposition to use pulverized fuel 
near any large town, on account of the dust nuisance. 
1f that difficulty can be overcome by the use of the 
products of low-temperature. carbonization containing 
small quantities of ash I feel there may be some future 
for pulverized fuel, possibly in a modified form, in the 
neighbourhood of towns. The author is sanguine ‘in 
regard to his income from by-products. My opinion is 
that as soon as by-products are placed on the market 
competitors drop their prices, with the result that what 
has been looked upon as a possible profit often turns out 
to be a loss. 

Dr. S. Parker Smith: To my mind the interesting 
point in connection with this paper is that improvement 
in modes of generation does not really seem to be the 
best solution to make cheap electricity a possibility. 
Probably improvement of load factor by better utiliza- 
tion has much more significance from that point of view. 
It would not make much difference to the price of 
current if some of our large stations obtained their fuel 
free of charge. In one of the largest stations in the 
kingdom the fuel accounts for only 14 per cent of the 
total annual costs. In such a case, therefore, generation 
at the pit head would not lead to a very large reduction 
in the cost of electricity. In some modern stations there 
are so many heavy charges for distribution, rates and 
taxes, etc., that fuel and transport even over long dis- 
tances are not at the moment the most important items. 
The point that Prof. Cramp mentioned, namely, the 
question of storage—which means heat storage at 
present—is one direction in which we shall have to 
study the problem. It will be seen from the load curves 
in the paper that the load factor is very low. In order 
to bring down the costs, therefore, something in the 
way of heat storage must be adopted to improve the 
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load during certain hours. Although this idea has been 
condemned as fantastic, it should be encouraged in order 
to bring down the average price of generation. At 
present it would seem that heat storage in the form of 
hot water is mainly possible for domestic purposes, and 
experience has proved that for this purpose electricity 
can be made more attractive than the coke stove. 1 can- 
not agree with Mr. Watson's argument that it is neces- 
sary to provide means for burning household rubbish. 
I say this after living for four years in a house in which 
no such -provision is made. I have paid particular 
attention to the point and I find that an all-electric 
house produces less refuse than an ordinary house. I 
have no hesitation in condemning the lack of an open 
fire as the biggest bogey that has been brought forward 
against the all-electric scheme. Given a suitable tariff, 
the utilization of the domestic night load can be made 
profitable alike to supply undertaking and consumer. 
Mr. A. H. Dykes : Prof. Cramp suggests that because 
the cost of current for water-heating is so low in Glasgow 
there will not be a large increase in the amount of coke 
required, but Glasgow is not representative of the whole 
of Great Britain. A very large development is taking 
place in the suburbs of all the big cities, where, in nearly 
every case, we find that people who cook by electricity 
install a coke stove to warm the water. Even when 
the “ grid ” scheme is functioning to its fullest extent 
it will not be possible in the outlying districts to reduce 
the cost of electricity to the Glasgow figure, because of 
the increased cost of distribution owing to the scattered 
nature of the houses in the suburbs. Therefore 1 think 
it will be some considerable time before we can look 
to the heating of water being done entirely electrically. 
There will undoubtedly be a largely increased demand 
for coke. Prof. Cramp said he found that metallurgical 
coke is better for use in his stoves than ordinary gasworks 
coke, and I am inclined to agree with him, provided the 
stove is set properly. I do not think the author en- 
visages low-temperature carbonization at all. He is 
speaking throughout of the utilization of the gas resulting 
from the production of metallurgical coke. Although 
it is true to say that that gas can be sold for other pur- 
poses, that it has a value and so on, the fact remains that 
at the present time a tremendous quantity of it is 
being blown away and burnt wastefully. If that gas 
can be utilized, a saving will be effected from the national 
point of view. Whether the coal-owners or the electricity 
undertakers will reap the benefit is a matter that the 
ordinary laws of economics will decide; but there will be 
a saving, and that is one of the main claims of the paper. 
It appeared from Prof. Cramp’s remarks that he rather 


ridiculed the idea of large gas engines. At least one . 


large colliery in this country had until comparatively 
recently a very efficient steam turbine plant of large size. 
After making careful experiments they scrapped that 
plant and in its place installed gas engines of 3000 kW 
capacity each which are running night and day with 
perfect regularity, and they claim that the alteration 
has led to a considerable saving. They are so satisfied 
that they are putting in additional gas engines. Some 
speakers in the discussion have raised objections to the 
suggested use of pulverized fuel. Mr. Watson rather 
took the view that it has yet to be proved whether 


pulverized fuel really pays, but I think he was referring 
to the pulverization of high-grade fuel in a station away 
from the pit. That is a debatable point. The author, 
however, does not suggest that good-quality fuel should 
be pulverized, but that residual waste fuel which is 
otherwise not usable should be pulverized and burnt. 
There is at present in operation in Manchuria a plant 
in which pulverized waste residual fuel is being burnt 
with a consumption of 17500 B.Th.U. per unit of 
electricity developed. With regard to the question 
of utilizing the coal at the pit’s mouth, I take it that 
the author envisages a station being erected not merely 
at an isolated pit but in the centre of a group of pits. 
In many instances in this country pits spread over a 
considerable area but comparatively close to each other, 
utilize one set of coke ovens for the production of 
metallurgical coke and other purposes. The coal is 
brought down from the various pits by overhead runways 
and it is all coked at that one centre. The hard-headed 
North Country coal-owner is spending thousands of 
pounds in putting down coke ovens at those central 
places, and it is evident that he does not imagine that 
the whole of the surrounding pits will be shut down in a 
few years’ time. Up to the present we have been con- 
sidering the production of electricity. The coal-owner 
has been considering the question of the raising and 
selling of coal, and to a certain extent carbonizing that 
coal and obtaining the various products from it, as 
opposed to selling the raw coal direct. Cannot we 
combine the two? The coal-owner does not desire 
to lock up his capital in putting down generating 
machinery; and, on the other hand, in many cases it 
does: not pay to run a carbonizing plant unless there is 
an assured market for the coke and benzol and other 
chemical products of that kind. If, in addition, the gas 
can be utilized to produce electricity, it may just turn 
the scale and make it profitable to carry out the whole 
operation. To do that the two must be combined where 
conditions are favourable. 

Mr. W. T. Townend (in reply): Before dealing more 
in detail with the discussion I wish first of all to clear 
up one or two points on which I think certain of the 
speakers have misunderstood my proposals. : 

In the first place I should like to make it quite clear 
that I do not, in the present state of the art, advocate 
the use of low-temperature carbonization; this, I think, 
should have been obvious in the scheme which 1 out- 
lined, where the primary and secondary basic loads are 
carried by gas-engine stations supplied with gas from 
coke ovens producing both a hard metallurgical coke and 
a soft domestic coke, neither of which products can be 
obtained from the low-temperature carbonization process. 
Further, also, the type of oven suggested, i.e. the taper 
silica oven, is one of the latest developments of high: 
temperature ovens, and is in no way similar to the 
circular retorts at present in use in the low-temperature 
process. The domestic coke to which I have referred 
must not be confused with ‘‘ Coalite,” the former bemg 
the product of the high-temperature oven but retaining 
some 5 to 6 per cent of the volatiles. 

In the second place, I should like to make it quite 
clear that I did not intend such stations as these to be 
dependent upon one colliery only for the supply of both 
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coking and residual fuels. Such a scheme as this would 
be obviously impossible when it is realized that approxi- 
mately 1 000 tons of residual coal is the daily demand of 
the steam stations, whilst some 3 000 tons is required for 
the gas stations; in fact I may say that I know of no 
colliery in the area under discussion where such a pit 
exists. 

On the other hand, however, I should like to make it 
clear that to my mind such stations as these could be 
successfully operated if they were put down in the centre 
of a group or groups of collieries owned and operated 
by the same company. In such cases the transport of 
fuel between the pit head and the coking plant and the 
pulverized-fuel station could be efficiently dealt with 
by means of an overhead transporter system. The coal 
cost of 8s. per ton given in Table 2 allows for 9d. per ton 
to cover such transport charges as these. 

I am glad to see that Mr. Woodhouse agrees as to the 
need for utilizing the lowest grade of fuel for the pro- 
duction of electricity, and also as to the manufacture of 
various by-products for export purposes or for sale on 
the home market. On the other hand, however, I do not 
agree with his contention that a market does not exist 
to-day for these by-products and the electrical energy 
produced from the use of residual fuels. As I think I 
have already pointed out, the most important by- 
product to be dealt with in considering a scheme such 
as this is coke, and if householders and the public in 
general are encouraged to use slow-combustion stoves 
rather than electric immersion heaters for water-heating 
and radiators, here I suggest is an opening for the coke 
residual, Take the example under consideration.. The 
total quantity of coke from the ovens amounts to some 
700 000 tons, whereas if the slow-combustion stove were 
more widely adopted the demand based on the figures 
for 1924 would be of the order of 22 million tons of coke. 

On the question of transport charges, I quite agree 
that any coal-owner will obviously try to obtain the best 
possible price for his coal, of whatever grade. If, there- 
fore, an outside company or purchaser is able to create 
a demand for what in the past has been looked upon as a 
waste product or residual fuel, then obviously the coal- 
owners, finding that there is a market for this fuel, will 
naturally advance the price, so that perhaps in the end 
this hitherto useless product will become of real market 
value. =e: 

It was for this very reason that I suggested that the 
gas and residual stations should be the property of, and 
controlled by, the colliery company, as obviously if 
these stations are to compete with existing or proposed 
raw-coal capital stations the price of the residual fuel 
must be kept down to the lowest possible limit. The 
effect of this, so far as the coal-owner is concerned, is 
that he is able to dispose of his residuals at a price which 
will just cover the mining costs, and his profit is made on 
the units he sells to the “ grid ” or to local authorized 
undertakings. 

In the same way the transfer of gas from the coke 
ovens to the gas engines, both owned and operated by 
the same company, is in fact only a book transfer. 
Obviously, however, if this gas is sold either to a gas 
company or to an outside electricity company, the price 
will be ruled by the demand and the economic return 


which the colliery company expects to make on that 
commodity. 

As to the question of wages, repairs and stores in these 
stations, I did not make it quite clear in either of the 
tables in the paper that these figures include superintend- 
ence, i.e. engineering staff, and rates and taxes. These 
tables are drawn up so as to be comparable with Table 
2 on page 34 of the Weir Report, where reference is 
made to the operating costs for the Dalmarnock station. 

In reply to Mr. Watson, the figure of 10 000 to 11 000 
B.Th.U. is the thermal value of the washery slurry or 
residual fuel as fired. The following figures are taken 
from a Yorkshire colliery where a pulverized-fuel plant 
is at present running on such fuels :— 


Fuel 1 9 3 
Moisture, per cent 3-53 3-00 2-00 
Ash, per cent .. ; 19-18 23-26 14-42 
Volatile matter, per 
cent .. ra oe 29:67 30-64 34 - 82 
Sulphur, per cent 2-06 2.85 © 4-44 
Fixed carbon, per cent | 49-08 44-32 
Calorific value, in 
B.Th.U. 11 900 | 10 100 — 


I did not state in the paper that some 186 million 
units were obtained from waste-heat stations free of cost. 
What I actually said was that, in the year ending 1925, 
waste-heat stations, principally those on the N.E. Coast, 
contributed 186 million units against which no charge 
was made for fuel, the basic source of power, these details 
being taken from the Electricity Commissioners’ Returns 
for that year. 

If any charge had been made for fuel the return would 
obviously show it, as it does in the case of steam stations 
operating on raw coal, or internal-combustion engines 
operating on fuel oil. | 

1 quite agree that, as time goes on, pits become ex- 
hausted, and it is for this very reason that 1 have pro- 
posed a scheme which is not applicable only to one pit, 
but rather to a group of pits controlled and owned by 
the same company. 

Mr. Griffin appears to think that I accept the axiom 
that the whole of the national supply must be generated 
by steam stations. This is not the case, as the very 
scheme I have put forward for Central England embodies 
both gas engines and steam turbines. I feel that the 
supply of electrical energy to each area must be con- 
sidered as a problem on its own, and, further, the reason 
for my choosing an area richly endowed with cheap fuel 
both residual and saleable was to show what economies 
could be effected by combining steam-turbine plant and 
gas engines. I think that, on the thermal basis alone, 
a Diesel-engine station operating as Mr. Griffin suggests 
would not show such good figures as the proposed 
pulverized-fuel stations, taking the price of residual fuel 
with the B.Th.U. equivalent of 10 000 to 11 000 to be 
8s. per ton and in a steam station of the thermal effi- 
ciency of the order of 19 per cent. On the fuel costs 
alone this would be obviously cheaper than a Diesel 
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station running on fuel oil costing 97s. 6d. per ton and 
having a B.Th.U. equivalent of from 18000 to 19 000 
and an overall thermal efficiency of about 29 per cent. 

On the other hand I quite agree that there is a great 
deal to be said for Diesel generating stations for use on 
peak loads, as they have one great advantage over the 
steam station, i.e. their ability to be started up quickly 
and to be put on the line at short notice. 

Mr. Mallinson thinks that I am asking the coal-owner 
to give away practically 1000 tons of coal valued at 
about 7s. per ton. If such a proposal as this were made 
to any coal-owner he surely would not give it a second 
thought. On the other hand if, as is the fact to-day, a 
colliery company finds that in the working of a mine 
they are faced with the problem of disposing of non- 
marketable fuel, they would be only too glad to dispose 
of it at the actual cost of mining and hauling to a power 
station, if this station were owned and operated by the 
same company, and this is precisely the scheme which 
I have attempted to outline. Where the purchaser or 
power company is an independent one obtaining its 
residual coal from neighbouring collieries, the price would 
obviously be very different from that given in the paper. 

I agree with Mr. Godber that low-temperature car- 
bonization is not an established commercial success 
to-day, and it is with the knowledge of this fact that I 
have not proposed its use under this scheme. He 
apparently raises objections to my proposal that the 
gas should be supplied free of charge to the generating 
station from the coke ovens. I agree with his con- 
tention if the coke ovens and the generating stations are 
owned and controlled by two separate companies. If, 
however, they are part of one concern the oven manager 
should remember that whilst he can obtain.a certain 
proportion of his profit from the residual fuel from coke 
ovens, the other proportion of his profit is obtained by 
the sale of electricity from the generating station, and 
if he attempts to charge the generating station too high 
a price for gas, then it will not be able to sell electricity 
at an attractive figure. 

In reply to Prof. Cramp I agree that I am not wholly 
in favour of cooling towers, but, if the anticipated bene- 
fits are to be obtained from the use of residual fuels and 
gas-engine stations, Iam reluctantly compelled to depend 
on cooling towers for condensing water, the mining 
districts unfortunately not being well supplied with 
streams of any magnitude. If such a scheme as that 
outlined is to be of benefit to users of electricity, it must 
of course be of benefit to the nation as a whole, because, 
as time goes on, this country will surely adopt electricity 
more widely in its homes, factories, and the like, and 
any workable scheme that can be adopted to conserve 
the coal resources and at the same time produce cheap 
electricity must eventually be of benefit to the people 
of to-day. 

We must all bear in mind that in the next few years 
one of our basic industries, i.e. the mining industry, will 
pass through a very difficult phase, owing to the wide 
adoption of electricity not only for domestic lighting, 
but also for cooking, heating, etc. This will close one 
of the most important channels for the sale of fuel, so 
far as the coal-owner is concerned. 

On the other hand, the question still remains whether 


the loss of this source of revenue will be more than made 
up by the greater demand for fuel for the selected steam 
generating stations. | 

Another question for consideration is whether we as 
a nation should attempt to conserve our good-quality 
coal or whether it should still be used in its raw state for 
steam-raising and electric generating purposes. 

A brief consideration of the Electricity Commissioners' 
returns is somewhat enlightening on this point. For 
the year ending 1924, some 74 million tons of coal were 
consumed for the production of electrical energy, 
whilst the Weir Report estimates that in the year 1940 
the consumption of electricity will reach the figure of 
500 units per head of population. Taking 2 lb. of coal 
per unit generated as an average figure during the year, 
this means that the production ‘of electricity in 1940 
will require, instead of 74 million, some 233 million tons, 
a very considerable increase. 

Up to the present, 95 per cent of the electricity 
generated in this country is produced by steam stations 
burning raw coal, and if this type of station is to be 
continued its very existence will obviously place a great 
strain upon the coal resources of the country. On the 
other hand, if those districts in which large quantities of 
residual or non-marketable fuels exist are encouraged 
to utilize these fuels for the production of electric power, 
the net result will be a saving in the national coal bill 
of exportable coal and a general reduction all round due 
to the economies effected by the utilization of what is 
considered to be a waste fuel. 

Now as to the reliability of gas engines for the basic 
loads. A few years ago I myself should have said the 
same thing, but during the past 4 years I have had the 
opportunity of examining many records of gas-engine 
plants running on both blast-furnace gas and coke-oven 
gas where the percentage of shut-downs due to failure 


of the engines has been as low as the corresponding 


present-day figure for turbine plant. As a matter of 
fact, one of the largest and possibly most up-to-date 
coal and iron companies in the Midlands has during the 
past three years put down three 5 000-h.p. gas engines 
running on coke-oven gas and has entirely shut down all 
its turbo plant; this was done because the gas engines 
were found to be cheaper than, and just as reliable 
as, the steam turbines which they replaced. It must be 
remembered that this plant supplies the lighting and 
power not only for the surface works but also for 
several large mines. 

I think that I have already answered Mr. Partridge's 
point as to the erection of stations or a group of stations 
on the top of a coal area. As to his point respecting 
strikes, lock-outs, etc., the general effect in such an occur- 
rence would, as I have said in the paper, be the slowing 
down of the coke ovens owing to lack of coal and labour; 
but, on the other hand, there would be a falling off of the 
general demand for power owing to loss of employment 
and trade. The pulverized-fuel station could, however, 
be kept running from reserves of coal, in the same way 
as the various steam stations operated during the last 
general strike. 

I quite agree that the pulverized-fuel station is not a 
very pleasant neighbour, and it was for this very reason 
that 1 proposed that such stations should be erected 
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close to large groups of collieries, which areas are, as a 
general rule, situated some distance from a town. 
In reply to Dr. Parker Smith, 1 can only say that 


the improvement of load factor rests not so much in the 


hands of the electric power producer as in those of the 
electric power user. 1f he will adopt, or make a greater 
use of, the wide range of electrical apparatus at his dis- 
posal, I have every reason to believe that a general increase 
in load factor will be found throughout the country. 1 
do not think, however, that this improvement will be 
very noticeable unless the electric power producer is able 
to meet the demand with an equally efficient supply, 
and this, to my mind, can only be done be studying very 
closely the question of fuel economy. Take, for instance, 
the case of Dalmarnock. The total operating costs for 
this station in.the year 1926-27 amounted to 0-265d. 
per unit sent out, of which 0-138d. was the charge for 
coal alone. 
at 16s. per ton delivered to bunkers. A very simple 
calculation will show the tremendous saving in operating 
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In this instance the cost of coal was taken 


costs that would be experienced if this figure were 
reduced to 8s. per ton by the use of residual fuels. 

Mr. Dykes correctly grasps the purport of this paper, 
which is a plea for the co-ordination of effort as between 
the coal producer and the coal user. In other words, 
the interests of this nation would be far better served 
by a closer interrelation of effort between the various 
electric power compahies and the coal mines. I agree 
with his contention that it will be some years yet before 
electricity will be cheap enough to be a practical every- 
day proposition for water-heating in domestic dwellings. 
This, however, will be due not to high generating costs 
but to the costs of transmission between the various 
generating centres and the consumers. It would appear, 
therefore, that until the stage is reached when electricity 
can be supplied to the householder at 3d. per kWh 
during the night (the Glasgow figure) for water-heating, 
the slow-combustion stove burning coke and household 
rubbish will be the generally accepted method of water- 
heating. ° 
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SUMMARY, 

There are at present two distinct methods of rating in use 
in Great Britain for ordinary-duty fusible cut-outs. The 
first method is that given in B.S.S. No. 88 and is based on 
an absolute value of minimum blowing current difficult to 
determine. The second method, that specified in the I.E.E. 
Wiring Regulations, adopts the “ 1-minute blowing current ”’ 
as a basis. The former method is generally admitted to be 
unsatisfactory from a practical standpoint, and the latter 
method is shown herein to be unsuitable for semi-enclosed 
cut-outs employing tinned copper fuse-links. 

The present report reviews British, Continental and 
American practice, deduces a method of rating suitable for 
existing British designs, and provides the experimental data 
required for a revised specification. 

The problems confronting a designer in calibrating a range 
of cut-outs to comply with the revised basis are dealt with in 
detail, together with the simple tests by which the user may 
check the rating in practice. 

The information contained herein will be of service in 
connection with the revision of B.S.S. No. 88 which is now 
being carried out; but in the interim before a new specifica- 
tion is issued it is thought that a useful purpose will be 
served by subjecting the proposals to the criticism of 
designers and users. 


CONTENTS. 
(I) Introduction. 
(a) Nomenclature. 
(b) Origin of the research. 
(c) Present British practice in rating cut-outs 
up to 100 amperes, 
(i) General note. 
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(e) Probable limit of accuracy of rating of 
ordinary-duty cut-outs. 


(I) INTRODUCTION. 


(a) Nomenclature.*—Owing to the absence of standard 
nomenclature, the following definitions are given of 
terms used in this report :— 

Rated carrying current (of a cut-out or component 
theveof) —The current stated by the maker as the 
maximum which the device will carry continuously 
under prescribed conditions. 

Rated blowing current (of a cut-out or fuse link).—The 
current stated by the maker as that at which rupture 
of the metallic circuit will occur under prescribed 
conditions. 

Minimum blowing current (of a cut-out or fuse link).— 

è Recommendations by the Electrical Research Association fy sir 


nomenclature of fusible cut-outs are at present under considerati 
British Engineering Standards Association. 
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The minimum current which will rupture the metallic 
circuit under prescribed conditions. 

Rated voltage (of a cut-out or component thereof).—The 
voltage stated by the maker as the maximum circuit 
voltage at which the cut-out is intended to be used. 

Time of operation (of a cut-out or fuse link).—The 
time from the application of the current under prescribed 
conditions until it finally reaches zero value. 

(b) Origin of the research.—The tests described herein 
were made primarily in connection with projected tests 
on the rupturing capacity of low-pressure ordinary-duty 
fusible ‘cut-outs up to 100 amperes rated carrying 
current, to ensure that cut-outs so tested should be 
fitted with fuse links suitable for the maximum rated 
carrying currents of their fuse carriers. At the same 
time it was considered that much of the data obtained 
from the present tests would be of service in connection 
with the revision of the methods of rating of low-pressure 
cut-outs for ordinary duty at present adopted in B.S.S. 
No. 88.* 

(c) Present British practice in vating cut-outs up to 
100 amperes. 

(i) General note-—~There are two methods to be con- 
sidered, the more important being that given in B.S.S, 
No. 88, and the other that in the “ Regulations for the 
Electrical Equipment of Buildings” issued by the 
Institution. These two methods are considered separ- 
ately below. 

(ii) British Standard Specification No. 88—-1919.—-The 
method adopted in B.S.S. No. 88 for fixing the rated 
carrying current of a cut-out is that of specifying the 
ratio 

Minimum blowing current ft 
Rated carrying current 


so that the whole basis of rating depends on the defini- 


tion and measurement of the minimum blowing current.§ 

This latter quantity is defined in the specification 
as the “smallest current which will blow the fuse.” 
Theoretically this current would only blow the fuse 
link in an infinite time, a test condition which, obviously, 
can only be checked approximately in any case and, 
even then, is a laborious process, as it involves the 
taking of a time/current curve, so that from a practical 
standpoint the specification is unsatisfactory. 

For the latter reasons the above-mentioned basis of 
rating has been condemned by the Sub-Committee on 
Earthing || of the Institution, it being stated that a test 
for minimum blowing current “ carried out with reason- 
able accuracy would require hours for its completion.” Y 

This argument is accepted in this instance where the 
cut-outs are limited to 100: amperes rated carrying 
current and the amount of heat produced is corre- 
spondingly small, but it should be noted that in 
certain large fusible cut-outs it may take several hours 
before the surroundings have reached their steady 


e British Standard Specification for Cut-Outs for Low-Pressure Ordinary 
Duty, No. 88—1919. 
Ninth Edition, , May, 1927, pp. 112 and 118. 
B.S.S. No. 88 specifies this ratio = 3 for cut-outs rated up to 10 amperes, 
and 2 for cut-outs rated 10-100 amper 
§ The term used in B.S.S. No. "38 “is ** normal usine, current,” which cor- 
. term “ minimum oe current. 


temperature and before, therefore, the fuse link has 
reached its maximum temperature. This requires con- 
sideration in any attempt to rate such a cut-out. 

(iii) 7Z.E.E. Regulations for the Electrical Equipment of 
Buildings.—For copper wires the I.E.E. Regulations 
base the rated carrying current of a fuse link on the 
current required to blow it in 1 minute. In a later 
section * it will be shown that, owing to oxidation, when 
a tinned copper wire is tested “free in air,” the 
timefcurrent curve is discontinuous over a time range 
which, for the sizes of wire under consideration, may 
occur anywhere between about 20 seconds and 12 minutes, 
depending on the particular diameter of wire chosen. 
Over this uncertain part of the curve a wire may have 
two widely different times of operation for the same 
blowing current,f which introduces so large an element 
of uncertainty that the method is of little practical value. 

(à) Conditions which a new basis of rating should 
fulfil—For the above-mentioned reasons, it is assumed 
that both the present British methods of rating are 
unsatisfactory, and a study has therefore been made of * 
the chief conditions which a revised basis of rating 
should fulfil. 

Firstly, the basis must be suitable for existing designs 
of low-pressure ordinary-duty cut-outs. 

Secondly, in order to check the rating of a cut-out, 
only comparatively simple tests should be involved such 
as could be carried out to a suitable degree of accuracy 
with the type of instrument usually found in a works’ 
test-room, 

Thirdly, the tests should not be of too long duration. 

Fourthly, the tests should specify certain limits 
between which the measured time and current charac- 
teristics should fall, making it unnecessary to take a 
complete time/current curve to check or obtain the rating 
in a given case. : 

(e) Foreign methods of rating cut-outs.—On the Con- 
tinent and in the United States the method of rating 
which is at present in force, and which has been in opera- 
tion for some years, is that of specifying that a cut-out 
shall not blow in a stated time on one given multiple of 
the rated carrying current, and shall blow in a stated time 
(usually an equal period to the former) on a second given 
multiple of the rated carrying current. 

This method, based on rated blowing current, appears 
to fulfil the conditions outlined in the last section and, 
with certain modifications given below, is put forward 
as a tentative basis for the rating of low-pressure 
ordinary-duty cut-outs up to 100 amperes rated carrying 
current. 

(f) Limits. 

(i) General considerations.—To adapt the last-men- 
tioned basis to suit low-pressure ordinary-duty cut-outs, 
it is necessary to fix two quantities: one, the duration 
of the test period, and the other the relation between 


| the two test currents and the rated carrying current of 


the cut-out. 

(ii) Time basis of iinet avoid the period of 
discontinuity already mentioned, the time basis of 
rating must be either less than about 20 seconds or 


; rel snipes aio (b), 9 and (ii). 
cent change of blowing current caused a change in time of operation 
of t 500 pe cent (i.e. from about 30 seconds to 5 minutes) in the case of a 
No. 19 S.W.G. tunned copper wire. 
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greater than sant. 12 minutes. 
unsuitable, as it would not give sufficient time for the 
cut-outs (especially those of the larger sizes) to reach a 
maximum temperature anywhere approaching that 


The shorter period is 


attained in practice. The test period must. therefore 
be greater than 12 minutes, but not too long, otherwise 
it would be unsatisfactory for economic reasons. As a 
compromise, a test period of 30 minutes is proposed, 
and two values of current must now be selected to give 
Suitable tolerances. 

(iii) Maximum and minimum test currents.—The deter- 
mination of suitable: maximum .and minimum test 
currents involves consideration of two things:— 

(A) The sources of variation in 30-minute blowing 
current liable to be encountered by a designer in deter- 
mining the size of fuse link for a given carrier for a 
particular rated carrying current. This will settle what 


limits are needed between the maximum and minimum 


test currents. 

(B) The relation between the minimum test current 
and the rated carrying current, to guard against undue 
deterioration of the fuse link in service under the worst 
conditions. The sources of variation affecting (A) 
above are as follows: — 


(1) Variation in the cross-sectional area of wires of 
the same nominal gauge. 

(2) Slight differences in the manner of insertion of the 
fuse link in the fuse carrier. 

(3) The discrepancy in blowing current between that 
required for a particular rated carrying current 
and that obtainable by selection from a schedule 

‘of blowing currents of wires of consecutive 
gauges, as these blowing currents advance by 
considerable steps. 


The amount of tolerance due to (3) above can be 
reduced to some extent by using several wires of smaller 
gauge in parallel, but in any case some provision for 
tolerance must be. made., Before the present tests were 
carried out, the only information available under 
headings (1), (2)-and (3) above was the amount of 
tolerance on cross-sectional area of fuse link allowed. by 
B.S.S. No. 128.* The experimental work necessary to 
give the remainder of the information needed has there- 
fore been carried out, and the results are given later in 
the report. 

Regarding the question of deterioration of the fuse 
link, mentioned under (B) above, the results of a set of 
preliminary tests showed that to avoid excessive dete- 
rioration a tinned copper wire (of the sizes under con- 
sideration) should not be rated higher than 50 per cent 
of its 30-minute blowing current.{ Thus, when a fuse 
link is carrying a rated carrying current which is the 
maximum allowed by the proposed specification, it 
must not be passing more than 50 per cent of its 
30-minute blowing current. The maximum allowable 
current will be passed when all the sources of variation 
‘mentioned under (A) above act together in the same 
direction, i.e. when a fuse link just does not blow in 
30 minutes.on the minimum test current. Thus the 

* British Standard Specification for Bare Annealed Copper Wire for Electrical 
Machinery and Apparatus, No. 128—1922, See also Table 1. 


t Although the results of the above-mentioned tests were not quite conclusive, 
they were correct to a first approximation and are used herein.: 


minimum test current will be twice the rated carrying 
current, and the maximum test current can be fixed when 
the desirable tolerance due to cause (A) above is known. 

g) Scope of the research.—The scope of the research 
consists primarily in obtaining experimentally informa- 
tion on tinned copper wires (of dimensions suitable for 
forming the fuse links of ordinary-duty cut-outs) so that, 
from the standpoint of rupturing-capacity tests, it can 
be decided what gauges of wire should be fitted to fuse 
carriers rated at 10, 30, 60 and 100 amperes respectively, 
so that each carrier can carry its maximum rated 
current continuously. 

In addition, such experimental data are required as will 
enable a revision to be made of existing British methods 
of rating low-pressure ordinary-duty cut-outs; and these, 
as already mentioned, really consist in ascertaining the 
maximum percentage variation in 30-minute blowing 
current due to each of the three causes, (1), (2) and (3), 
given in the last sub-section. 

(h) Acknowledgments.—The Electrical Research Asso- 
ciation desires to acknowledge its indebtedness to 
the London, Midland and Scottish Railway Co. and to 
Lt.-Col. F. A. Cortez Leigh, chief electrical engineer of 
that railway, for kindly granting facilities for the tests. 


(II) CONDITIONS oF TESTS. 


(a) Wires tested. 
(i) Material and sizes —Tests were conducted on wires 
of tinned copper of commercial purity of the following 
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Fic. 1.—Curves connecting blowing current and time of 
operation of No. 14 S.W.G. tinned copper wire, 165 mm 
long, fixed vertically “free in air.” Brass terminals 
345 grammes each. 


gauges ond lengths between terminals, Nos. 13, 14, 15 
and 16S.W.G., 165 mm (64 in.) long, Nos. 17, 18 and 19, 
135 mm (55; in.) long, Nos. 20, 21, 22, 23, 24, 25 and 26 
S.W.G., 105 mm (4) in.) long, and Nos. 28 and 30 
S.W.G., 85 mm (38 in.) long. ' 

The reason for the four different lengths of test: wires. 
having been used was that the length of a sample 
between terminals was taken as the mean of dimensions 
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A and B specified in clause 18 of B.S.S. No. 88—1919, 
for the fuse carrier in which the sample was suitable 
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Fic. 2.—Curves connecting blowing current and time of 
operation of No. 16 S.W.G. tinned copper wire, 165 mm 


long, fixed vertically “free in air.” Brass terminals 
345 grammes each. 


for use. In this way the length between terminals of a 
wire of any particular gauge was usually about the same 
as would be used in a commercial fuse carrier. 


Blowing current, amperes 
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- (b) Terminals.—Three pairs of special brass terminals 
were used in.the first series of tests, and are shown in 
Figs. 6, 7 and 8. All the three pairs were of the same 
shape and simply differed in dimensions and weight. 
The size “ A” terminals (weight 345 grammes each) 
shown in Fig. 8 were used for Nos. 13, 14, 15 and 16 
S.W.G.; the size “ B” (weight 120 grammes each) 
shown in Fig. 7 for Nos. 17, 18 and 19 S.W.G.; and 
the size “C” (weight 57 grammes each) shown in 
Fig. 6 for Nos. 20, 21, 22, 23, 24, 25, 26, 28 and 
30 S.W.G. 

The reasons for employing this design of terminals 
were three. Thé first was to obtain a very uniform 
length of test wire in successive tests, as it was found 
in preliminary tests on minimum blowing current that 
this condition was difficult to fulfil using the type of 
terminal commonly employed in ordinary-duty cut-outs. 
By using the method of clamping shown in Figs. 6, 7 
and 8 the length of test wire between terminals in 
different tests did not vary by more than 0-5 mm. 

Secondly, it was desired to measure the temperature 
of the terininals (to ensure that successive tests started 
under similar conditions of temperature), and this was 
done to a sufficient degree of accuracy by observing the 
readings of mercury thermometers the bulbs of which 
were inserted in mercury cups drilled in the upper side 


; of each terminal. 


Thirdly, in the preliminary tests above mentona, it 
was found that when a No. 17 S.W.G. tinned copper wire, 
135 mm long, placed vertically “ free in air” between 
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Fic. 3.—Curves connecting blowing current and time of operation of No. 19 S.W.G. tinned copper wire, 


135 mm long, fixed vertically “ free in air.” 


(11) Ortentation.—-T wo series of tests were made, both 
with the test wires. vertical, the first (forming the major 
portion of the work) with the wires “ free in air” but 
screened from draughts, and the second series with the 
wires in commercial cut-outs made by seven different 
manufacturers. 


Brass terminals 120 grammes each. 


the terminals shown in Fig. 7, was carrying a steady 
current equal to 50 per cent of its minimum blowing 
current, the maximum temperature-rise of the top 
terminal above the ambient temperature was about 
28 deg.C.* The maximum temperature-rise above 


* Under steady temperature conditions. 
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(c) Testing enclosure-——The testing enclosure is 


ambient temperature allowed by the I.E.E. Regula- 
‘shown in Fig. 9. It consists of a wooden box having 


tions* for a cut-out carrying its rated carrying current 


continuously is 30 deg. C., so that these special terminals 
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internal dimensions about 1 ft. 8 in. x 2 ft. x 2 ft., 


Part of Curve A drawn to enlarged 
scale to show discontinuity 
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Fic. 4.—Curves eonueeuiiy blowing current and time of operation of No. 22 S.W.G. tinned copper wire, 


105 mm long, fixed vertically “ free in air.’ 


gave, for No. 17 S.W.G. wire, conditions similar to those 
occurring in practice. The dimensions of sizes “ A” 
and ‘‘C”’ terminals (Figs. 8 and 6 respectively) were 
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Fic. 5.—Curves connecting blowing current and time of 
operation of No. 30 S.W.G. tinned copper wire, 85 mm 


long, fixed vertically “free in air.” 
57 grammes each, 


then calculated for the present tests to give a maximum 
temperature-rise in both cases of the order of 30 deg.C. 
when fitted with Nos. 13 and 20 S.W.G. wires respec- 
tively under similar conditions. 

* Ninth Edition, Regulation 68A (a). 


Brass terminals. 


Brass terminals 57 grammes each. 


giving an internal volume of about 7 cubic feet. The 
upper portion of the front was loose and in the form 
of a wooden frame fitted with a glass window, and in 
the tests this loose front was kept open about 2 or 3 
inches (measured horizontally) in the manner shown in 
Fig. 9 (plan). There was a hole 6 in. x 6 in. cut in the 
top of the box, and this hole was left open during the 
tests. In this way a free circulation of air was main- 
tained in the enclosure, and the test wires, when sup- 
ported on a wooden stand erected inside the box as 
shown in Fig. 9, were essentially “free in air” but 
screened from sudden air currents. 


Weight 57gm. each 
Centre-line for 


Mercury cup 
mercury cups Yzdi 


Yidiam,Wdeep 


Type C Material: Brass “°” R y. 39e” 


Fic. 6.—Terminal for tests on wires having a minimum 
blowing current of 0-60 amperes when fixed “ free in 
air.” 


The temperature of the enclosure was indicated by a 
mercury thermometer Tg suspended in the position 
shown, the bulb being screened by a press-spahn screen S 
from direct radiation from the test wire W. The venti- 
lation of the box was such that the total variation in 
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temperature of thermometer Tg did not exceed 3 deg. C. 
in any test. 

- The interior of the box was unpainted, but the portion 
PQ of the stand, distant about 2 in. from the test wires, 
was painted a dead white so as to give test conditions 
readily reproducible later if required. 

In the tests on commercial cut-outs the testing 
enclosure was also used, the cut-outs being mounted 
vertically on the wooden stand inside the box in the 
position previously occupied by the special terminals 
and test wires. In this case, however, the glass front 
of the enclosure was removed entirely. 


Weight 120gm.each Mercu 
Centre-line for $ gm Y: dia AS des 
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Fig. 7.—Terminal for tests on wires having a minimum 
blowing current of 60-120 amperes when fixed “ free in 


air 


(d) Testing circuit-—The testing circuit is shown 
in Fig. 10. It consists of the test battery from which a 
tapping could be taken between 20 and 60 volts, con- 
nected through two variable resistances R and S joined 
in parallel to the test wire W; thence to an ammeter 
shunt Z, to a clock shunt Y, through a knife switch 
back to the battery. A millivoltmeter V indicated the 
potential difference across the ends of the test. wire. 
The variable resistance R could be adjustéd to pass all 
the main current except about 2 amperes which was 


Weight 345gm. each 


mi 


MA Centre-line for 

| mercury cups 
TypeA Material: Brass 

FiG. 8.—Terminal for tests on wires having a minimum 


blowing current of 120-200 amperes when fixed “‘ free in 
air.” 


carried by S (of a much higher ohmic value than R), and 
thus a very fine adjustment of the main current was 
obtained. This fine adjustment was found essential, as 
although the large traction battery carried no other load 
during the tests, it was found necessary to vary the 
value of S almost continuously during a test in order to 
keep the current constant to within 0-5 per cent. 


931 


(e) Time measurement.—The time of operation of a 
cut-out was measured on a clock beating }-seconds, the 
starting and stopping of which was controlled by an 
electromagnet connected across the shunt Y (Fig. 10) 
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Shunt 
variable 
resistance, S 


moving-coil 
ammeter 7 seconds cla 


Test wire 
or cut-out 
Fic. 10.—Main testing circuit. 


so that the commencement of current-flow started the 
clock, and vice versa. 


(111) Test RESULTS. 


(a) General note.—The test results are given in 
Figs. 1-5 and 10-15, and in Tables 1-4, and in the 
following sub-sections the main items of interest are 
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discussed. Over 1000 measurements of times of opera- 
tion were made, but only a selection has been reproduced. 
(b) Tinned copper wires vertically “free in air” 

(between specified brass terminals). 

_ (i) Discontinuity of curves of (blowing current) |(time of 
opevation).—Curves connecting blowing current and time 
of operation for wires of gauges Nos. 14, 16, 19, 22 and 
30 S.W.G. fixed vertically ‘‘ free in air’’ are given in 
Figs. 1-5. Considering the curves for a typical case, such 
as Fig. 3, for No. 19 S.W.G. tinned copper, 135 mm long 
between brass terminals 120 grammes each, it will be 
observed that test points connecting blowing current and 


Blowing current, amperes 
for) 
O) 


16 : 
Time of operation 
Fic. 11.—Curves connecting blowing current and time of operation of No. 20 S.W.G. tinned copper wire 
in 30-ampere fuse carriers (for low-pressure ordinary duty) made by different manufacturers. 

Curve A.—Reference letter of manufacturer “* R.'” Fuse link (No. 20 S.W.G. tinned copper wire) surrounded by asbestos tube and fitted 


in 
` Curve B.—Reference letter of manufacturer “W.” 


S.W.G. tinn 


example, for a No. 14 S.W.G. wire, 165 mm long, the 
discontinuity starts at about 70 seconds and continues 
to about 8 minutes (see Fig. 1), while for a No. 30 S.W.G. 
wire, 85 mm long, the period is from about 20 seconds 
to about 80 seconds (see Fig. 5). 

It is to be observed that the range of current over 
which the double values of time of operation occur is 
only a small percentage of the 30-minute blowing 
current. For example, in the case of the No. 19 S.W.G. 
wire already mentioned, the current range of discon- 
tinuity is only 0-7 ampere, or 1-06 per cent of the 
30-minute blowing current of 66 amperes, and the 


24 32 Minutes 40 


rcelain fuse carrier rated at 30 amperes, the whole cut-out being enclosed in an iron cas 
Fuse link (No. 20 i 


e 
ed copper wire) enclosed by asbestos tube fitted in fuse 


carrier rated at 30 amperes, the whole cut-out being enclosed in an iron case. 


time of operation do not lie on a smooth curve over the 
whole range between 4 seconds and 37 minutes, but that 
there is a discontinuity between about 30 seconds and 
4 minutes, at a current value between about 69:3 and 
70 amperes. Above 70 amperes the wire will always 
blow in less than 30 seconds, and below 69-3 amperes the 
wire will always take at least 5 minutes to blow. More- 
over, between 69:3 and 70 amperes there are two 
definite “' times of operation’’ for the wire for any 
current, one a short time less than 30 seconds and the 
other at least 4 minutes, but no times of operation 
were found between these two values. To show this 
period of discontinuity more clearly a-portion of curve A 
has been drawn to a larger scale in Fig. 3. 

From a study of the curves given in Figs. 1-5 it will 
be seen that this discontinuity occurs over the whole 
range of wires tested, but that the particular value of 
time of operation at which it starts, and also the duration 
of the period, depend on the size of the test wire. For 


corresponding range in the time of operation is from 
30 seconds to 5 minutes, or 1 000 per cent. 

It should be noted that a variation in blowing current 
of only 1 per cent during a test would probably cause 
this phenomenon to remain unnoticed, a fact which 
possibly explains why it has been overlooked in the past, 
but it will be shown later that this factor has an import- 
ant bearing on the rating of tinned copper wires.* 

(ii) Discontinuity a phenomenon of oxidation.—To 
determine the reason for the above-mentioned discon- 
tinuity, records were taken of the potential drop across 
the ends of test wires at successive 5-second intervals 
after switching on, and some of the results are given in 
Fig. 13. Curves A and B are for a No. 19 S.W.G. wire, 
the steady current being 69-3 amperes in both cases. 
In curve A, the potential difference rises continuously 
from the time of switching on, and the wire fuses in 
34 seconds. In curve B, however, the potential differ- 


* See Section (IV) (c). 
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ence rises less slowly from about 10 seconds after 
switching on, reaching a maximum at about 26 seconds, 
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Fic. 12.—Curves connecting blowing current and time of 
operation of No. 14 S.W.G. tinned copper wire in 
100-ampere fuse carriers (for low-pressure ordinary 
duty) made by different manufacturers. 


Curve A.—Reference letter of manufacturer “ P.” Fuse link (No. 14 S.W.G. 
tinned copper wire) surrounded by asbestos tube and fitted in porcelain 
fuse carrier rated at 100 amperes, the whole cut-out being enclosed in an 
iron case. 

Curve B.—Reference letter of manufacturer “ U.” Fuse link (No. 15 S.W.G. 
tinned copper wire) surrounded by asbestos tube and fitted in porcelain 
Ho carrier rated at 100 amperes, the whole cut-out being enclosed in an 

n case, 


then decreasing to a minimum at about 58 seconds, and 
thereafter steadily rising until fusion after 5 minutes 
50 seconds. The shape of this curve is intimately con- 
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nected with the phenomenon of discontinuity already 
mentioned and may be explained as follows :— _ 

When the current is switched on, the temperature of 
the wire rises and above a certain temperature oxides 
(and probably other compounds) form quickly on the 
surface. These have a better emissivity than a bright 
wire and the improvement is so great that the tempera- 
ture actually falls, resulting in a decreased resistance 
and consequent fall of potential across the ends of the 
wire.* This fall in temperature is accompanied by a 
change in brightness of the wire and is clearly visible 
to the naked eye. 

It will be observed, however, that curve B again 
rises, but this time more slowly, and ultimately reaches 
the melting-point of the wire in 5 minutes 50 seconds 
after switching on. This rise may be due to a falling-off 
in emissivity, but more probably to an increased elec- 
trical and thermal resistance due to continued oxidation. 

It appears, therefore, that if a wire lasts long enough, 
with a given current, to get over the peak of potential 
difference shown at S on curve B, Fig. 13, it is unlikely 
that fusion will occur, at least until the potential 
difference again 1eaches the value at S, and this is 
the reason for the discontinuity. Over the range of 
current in which discontinuity occurs an apparently 
insignificant factor, such as a very slight puff of air at 
the critical moment, will determine whether curve A 
or curve B in Fig. 13 is to be followed.t 

(iii) Tolerance on time of operation.—In column 4 of 


* It is to be noted that the current was constant throughout the test, irre- 
spective of the rise or fall of the resistance of the test wire. 

$ It follows from the above explanation that the fall in temperature due to 
increased emissivity should be most marked in wires of small diameter, as 
the ratio (Surface area)/(Cross-sectional area) = 2nr/rr? = 2/r, increases as 
r decreases. This was found to be the case. 
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Fic. 13.—Curves connecting potential drop across the ends of a tinned copper wire carrying steady currents at 
different time intervals from the instant of switching on. Wires vertical ‘‘ free in air.” 
Curve A.—Test No. 896. Current 69-3 amps.; blown in 34 secs. 


Curve B.—Test No. 895. Current 69:3 amps.; blown in 5 mins. 50 secs. 
Curve C.—Test No. 966. Current 193 amps.; blown in 16 mins. 50 secs, 


In tests Nos. 895 and 896, wire was No. 19 S.W.G. tinned copper, 135 mm long, between brass terminals 120 grammes each. In test No. 966, 
wire was No. 14 S.W.G. tinned copper, 185 mm long, between brass terminals 345 grammes each 
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Table 1 is shown the percentage tolerance allowed by 
B.S.S. No. 128 on the mean cross-sectional area of tinned 
copper wires of gauges Nos. 13-30. In col. 5 are given, 
for wires “* free in air,” the 30-minute blowing currents 
obtained from the curves connecting blowing current 
and time of operation on these tests. l 

From these results, the percentage total variations in 
30-minute blowing currents corresponding to the above- 
mentioned total tolerances on area have been calculated 
and are shown in col. 8. It will be seen that the 
maximum and minimum variations due to this cause are 
6 and 3-3 per cent respectively. | 

(c) Tinned copper wires tested vertically in commercial 
cut-ouis.—Curves connecting blowing current and time 
of operation were taken (using tinned copper wires as 
fuse links) on seven commercial cut-outs (for low- 
pressure ordinary duty) all made by different manu- 
facturers. There were two cut-outs rated at each of 
the following currents, 30, 60 and 100 amperes, and one 
rated at 10 amperes, and selected timefcurrent curves 
of the results are given in Figs. 11, 12 and 14. 

For the 100-ampere cut-outs (see Fig. 12) the test 
points lie fairly closely on smooth curves, except in the 
period 4-8 minutes where there is a slight irregularity. 
The latter is probably due to the phenomenon of dis- 
continuity which has already been noticed for wires 


Blowing current, amperes 


0 8 16 
Time of operation 
Fic, 14.—Curve connecting blowing current and time of 
operation of No. 18 S.W.G, tinned copper wire in 
60-ampere fuse carrier for low-pressure ordinary duty. 
Reference letter of manufacturer“ V,” Fuse link (No. 18 S.W.G.) surrounded 


24 Minutes 32 


and touched by asbestos tube and fitted in 
60 amperes, the whole cut-out being enclos 


rcelain fuse carrier rated at 
in an iron case, 


“ free in air” and which must be present, but the 
effect is masked by such uncontrollable features as the 
touching of the fuse link by the asbestos tube sur- 
rounding it. 

In the 30- and 60-ampere cut-outs (see Figs. 11 and 14 
respectively) the test points do not lie so closely on the 
timefcurrent curve, even at places where, judging from 
the tests on wires “free in air,” the phenomenon of 
discontinuity is not present. 

This irregularity is most probably due to a combina- 
tion of circumstances such as the touching of the fuse 
link by the asbestos tube already. mentioned, and also 
to slight differences in the fuse link and the manner of 
inserting it in the fuse carrier. 


Great care was taken. 
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in the tests to minimize these sources of variation as far 
as possible, and it is worthy of note that outside the 
region where discontinuity occurs the greatest variation 
in the distance of a test point above or below the mean 
curve was about + 24 per cent of the current passing. 
Discrepancies due to variation in the diameters of the 
test wire must be relatively negligible, as the fuse links 
were all taken from the same coil. Consequently the 
above-mentioned percentage variation is to be expected 
when a fuse link is inserted in a cut-out by a forewarned 
and careful experimenter. 


Upper limit 
Nominal gauge | 


Diameter of wire 


14 per cent'tolerance on 30 min. 
blowing current 


4-2 per cent tolerance on 30 sec. 
| blowing current 
11,4°3 per cent tolerance 
Pa on 20 sec. blowing 
-4 --4current 


0- 
Blowing current, amperes 
Fic. 15.—Curves connecting diameter of wire and blowing 
current to show method of correcting the time/current 
calibration curve of a fuse carrier for variations due to 
the diameter of fuse link. 


(IV) CoNCLUSIONS FROM THE TESTS. 


(a) Limitation of resulis.—Thc conclusions given in 
the following sub-sections apply only to wires of tinned 
copper of gauges Nos. 13 to 30 inclusive complying as 
to purity and tolerance on cross-sectional area with 
B.S.S. No. 128, when tested under the conditions already 
specified in Section (II). 

(b) Comparison of minimum blowing currents “ free in 
air ” and in a fuse carrier. —On comparing the 30-minute 
blowing current of a wire “ free in air ” with that when 
the wire is inserted in a commercial fuse carrier (see 
Table 2, cols. 3 and 4) it is seen that, out of a total of 
seven. cases, the blowing current “free in air” was 
reduced in four and increased in three instances. Where 
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TABLE 1. 


Blowing Currents of Tinned Copper Wires “ Free in Air” (under the Conditions Specified in Section 2). 


1 2 3 4 5 6 ? 8 9 
m pon 
Size of test | Min. standard | 209 mes arca mean sectional wire in 80 mins. | Length of wire mercer? “current due to | Col. 5, less 
wire and max. diam.*| + cross-section® | 2182, ebrios pr A Fa ión used in col. 5 in col. 5 B com 15 per cent 
in col. 
S.W.G. ' x 1073 in, x 10% sq. in. per cent amps. mm grammes per cent amps. 
91 6 504 = — 2-2 
13 92 | 6 648 0 238 165 345 3:3 202 
93 6 793 + 2-2 
79 4 902 — 2:5 
14 80 = § 027 0 192 165 345 3°8 ' 163 
81 5 153 + 2-5 
71 3 959 . — 28 | 
15 72 4 072 0 163 165 345 4-6 , 139 
73 4185 + 2-8 i | 
63 3117 — 3-1 | l | 
16 64 3 217 0 135 165 | 345 5-3 | 115 
65 3 318 + 3-1 ( , 
55-28 2 400 — 2-6 | | | | 
17 56 2 463 0 : 112 135 120 4-0 97 
56-72 2 527 + 2-6 
47-37 1 762-4 — 2-6 
18 48 1 809-6 0 87 135 120 40 74 
48-63 1 857-4 + 2:6 
| 39-46 1 222-9 — 2-7 
19 40 ‘1 256-6 0 86 135 120 4:0 56 
40-64 1290-8 | + 2-7 
35-46 987-6 — 3:0 
20 36 . 1017-9 0 57:5 105 57 5:0 49 
| 36-54 1 048-6 + 3-0 | 
31-46 777-3 — 3-3 
21 ` 32 604-2 0 48 - 3 105 57 5:5 41-2 
32-54 831-6 + 3-4 
27:55 596: 1 — 3:2 | 
22 28 ' 615-8 0 39-6 105 57 5-2 334 
28:45 635-7 + 3:2 
23°55 435-6 — 3:7 | 
23 21 452-4 0 31 105 57 5:4 26:4 
24°46 469:5 + 3:7 
21-55 3641: 7 — 4:0 
24 . 22 380.1 0 27 105 57 5:7 23-0 
22-45 395°8 + 4-1 
- 19-55 300-2 — 4:5 
25 20 314-2 0 23-9 105 57 5:7 20:3 
20:45 328:5 + 4-5 
17-73 246:9 — 3-0 
26 18 254°5 0 20:1 105 57 4-0 17-1 
18°27 262.2 + 3:0 
14:53 165-81 — 3-6 
28 14:8 172-03 0 15:9 85 57 6:0 13-4 
15:07 178-37 + 3:7 
12-22 117-28 — 2:9 
30 12-4 120-76 0 11-7 85 57 4:2 10-0 
12-58 124-29 + 2-9 


* Copied from Table 4, B.S.S. No. 128—1922. 
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the blowing current was reduced, the amount of reduc- | taken as representing average conditions, which it is 
tion was fairly constant and varied between 1] and | considered would be met by providing for a maximum 
14 per cent, but where it was increased the increase | reduction of 15 per cent due to insertion in the cut-out. 


TABLE 2. 


30-Minute Blowing Currents of Tinned Copper Wires in Commercial Low-Pressure Ordinary-Duty Cut-Outs. 


1 2 3 4 5 6 l ? 
Max. rated Current to fuse wire in 30 mins. 
i ae R To, 7. apes ot Se = Rer er or Remarks 
cut-out In fuse carrier | ” Free in air” x 100 , l 
amps. S.W.G. amps amps. per cent l 
100 14 171 192 + 11 P Test wire surrounded by asbestos 
tube and cut-out enclosed in an 
iron Case. 
100 15 140-5 163 + 14 U Ditto. 
60 17 96 112 + 14 Q Ditto. 
60 18 91 87 — 4-5 NA Ditto. 
30 19 71-6 —_— — R | Ditto. 
30 20 59-2 57-5 — 3 R Ditto. 
30 20 49-5 57:5 + 14 WwW Ditto. 
10 30 14-5 11-7 — 23 S Ditto. 
TABLE 3. 


Method of Calibration of a Particular Fuse Carrier for Certain Carryimg Currents. 


1 2 3 4 5 6 7 8 9 
Size of Rated carrying vid Gauge of wire | bt Ea E col, bol. 8 Gauge of wire a value, col, Bool. $ 
cut-out current blowing current for col. 5 "e free in air” l ee for col. 8 "in cut-out Sal F 
amps. amps. amps. S.W.G amps. per cent S.W.G amps. per cent 
100 200 14 192 — 4 13 202 + 1 
95 190 14 192 + 1 13 202 + 6:3 
90 180 14 192 + 6°6 14 163 — 10°5 
100 85 170 15 163 — 4-1 14 163 — 27 
80 160 15 163 + 1:9 14 163 + 1:8 
75 150 15 163 + 8:7 15 139 7-3 
70 140 16 135 — 3:5 16 139 — 0:7 
60 120 17 112 — 6:6 16 115 — 41 
55 110 17 112 + 1-8 16 115 + 4:5 
60 50 100 17 112 + 12-0 17 97 — 3-0 
45 90 18 87 — 3:3 17 97 + 7'8 
40 80 18 87 + 8'8 18 74 — 75 
35 70 19 66 — 57 18 74 + 5:7 
30 60 20 57-5 — 4-2 19 56 | — 67 
30 25 50 21 48-3 — 3-4 20 49 — 2°0 
20 40 22 39-6 — 1 21 41:2 + 30 
15 30 23 31 + 3:3 22 33-4 + 11-0 
10 20 26 20:1 + 0:5 25 20:3 + 1:5 
10 8 16 28 15:9 — 0:6 26 17-1 + 6:9 
6 12 30 11:7 — 2-5 28 13-4 + 11-0 
A Nh A A A A ee 
varied from 3 to 24 per cent. The latter value, however, (c) Suggested improved basis of rating. 
was for a 10-ampere cut-out in which the asbestos tube (i) Maximum and minimum test currents.—In Sec- 


was very small in internal diameter and touched the |. tion (I) (g) (iii) it was shown that to decide on a suitable 
fuse link very closely, so that this figure cannot be | tolerance to allow above a minimum test current equal 
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to twice the 30-minute blowing current, it was necessary 
to know the maximum percentage variation in the latter 
quantity due to:— 


(1) Variation in the cross-sectional area of wires of the 
same nominal gauge. 
(2) Slight differences in the manner of inserting the 
fuse link in the fuse carrier. 
(3) The discrepancy in blowing current between that 
required for a particular rating and that obtain- 
` able from a schedule of blowing currents of 
wires of consecutive gauges. 


Considering the first-mentioned cause of variation, 
the test results (given in Table 1, col. 8) show that the 
Maximum variation in 30-minute blowing current due 
to this is + 3 per cent, and the minimum variation 
+ 1-7 per cent. 

Due to cause (2) above, where special precautions 
were taken to ensure that fuse links were inserted in the 
fuse carrier as nearly as possible in the same way each 
test, the greatest variation was about + 24 per cent. 
Some additional percentage, say + 1 per cent, making 
a total of + 34 per cent, would probably meet the case 
where care was not exercised to so great a degree. 

To ascertain the percentage due to cause (3) above, 
assume that it is desired to select fuse links for a set of 
four fuse carriers (using single wires as fuse links), each 
over its respective range for rated carrying currents, com- 
mencing at 6 amperes and advancing by 2-ampere steps 


up to 10 amperes, then by 5-ampere steps to 100 amperes, | 


as shown in Table 3, col. 2. Under these conditions the 
corresponding 30-minute blowing currents, i.e. minimum 
test currents, will be obtained by doubling the rated 
carrying currents, as given in col. 3. Using the results 
given in Table 1, col. 5, the gauges of wire having 
blowing currents nearest to the required figures (in 
Table 3, col. 3) have been selected and are given in 
Table 3, cols. 4 and 5 respectively. 

In col. 6 (Table 3) the discrepancy between the 
“* required ’’’ and the ‘‘ possible” values of 30-minute 
blowing current is expressed as a percentage of the 


former, and it will be seen that the greatest variation 
is from + 12 to — 6-6 per cent, i.e. a total of 18-6 per | 


cent. These values are for wires tested ‘‘ free in air,” 
‘but if the wires had been in fuse carriers their respective 
‘blowing currents would have been less (in most cases) 


by an amount not exceeding about 15 per cent, as shown . 


in the preceding sub-section. An estimate of what 
‘would have been the discrepancy in the latter case has 
been made as follows :— 

Firstly, the figures given in Table 1, col. 5, for wires 
** free in air” have all been reduced by 15 per cent, as given 
in Table 1, col. 9, to represent roughly their corresponding 
values in a cut-out. From these values have. been 
selected, in Table 3, col. 8, those nearest to the ‘‘ re- 
quired ” figures in col. 3, and the corresponding dis- 
crepancy has been estimated as before and is given in 
col. 9. In this case the maximum variation is from 
+ 11-0 per cent to — 10-5 per cent, i.e. a total of 21-5 
per cent. The variation in 30-minute blowing current 
due to cause (3) is, therefore, roughly between 18-6 and 
21-5 per cent, and as an approximation an error of 
20 per cent is allowed for herein. To take account of 


errors due to measuring instruments, an additional 
allowance of 4 0:5 per cent has been made. 

The total percentage variation in 30-minute blowing 
current due to all the above four reasons would be 
6+7+20+1=34 per cent. As, however, the 
simultaneous occurrence of all these errors in one direc- 
tion is remote, it is considered sufficiently accurate to 
make an overall allowance of 30 per cent. Conse- 
quently, the maximum test current will be 30 per cent 
greater than the minimum value [which was shown in 
Section (I) (g) (iii) to be twice the rated carrying 
current], i.e. will be 2-6 times the rated carrying current, 
but a designer should aim at securing an average value 
of 2-3 times the rated carrying current with a wire true 
to gauge. The proposed specification will therefore read 
as follows :— 


“ When tested in a vertical position in still air at 
an ambient temperature between 10°C. and 
25° C. using commercial tinned copper wire as 
a fuse link the cut-out shall— 

“ Withstand 2-0 x rated carrying current for at 
least 30 minutes, and 

“ Blow on 2-6 x rated carrying current in less than 
30 minutes.” 


“In each test the cut-out shall commence at the 
ambient temperature.” 
(ii) Present accuracy in rating ordinary-duty cut-outs.— 


The above-mentioned total tolerance of 30 per cent on 


the nominal rated blowing current of ordinary-duty 
cut-outs may at first sight seem excessive, and 1t is 
therefore interesting to contrast the accuracy of the 
proposed basis given above with the existing basis given 


in B.S.S. No. 88 and the I.E.E. Regulations, where no 


limits are stated. In a previous series of rupturing- 
capacity tests on ordinary-duty cut-outs, carried out 
for the Electrical Research Association by Mr. 
S. W. Melsom, measurements were made of the ** 1-minute 
blowing currents ” of fuse carriers wired according to 
the maker’s instructions. For the 100-ampere size, the 
l-minute blowing current varied between 98 and 280 
amperes, which represents a total variation of ‘91 per 
cent on the nominal 1-minute blowing current (or 182 
per cent on the rated carrying current), while for the 
60- and 30-ampere sizes the total variations were 50 and 
90 per cent respectively. 

It is clear, therefore, that the limits of rating in the 
specification proposed herein are much closer than those 
now obtaining and will lead to a definite advance in 
practice. 

(d) Procedure to be followed by a designer in calibrating 
a fuse carrier. 

(i) General considerations To make quite clear the 
method of selection of a fuse link for a given rated 
carrying current to comply with the above test specifica- 
tion, the following example is given of the procedure to 
be followed by a designer in wiring a 60-ampere fuse 
carrier for rated carrying currents of 35, 40, 45, 50, 55 
and 60 amperes. 

The first step is to select several gauges of wire (say 
Nos. 15, 16, 17, 18 and 19 in the case considered) and 
to plot.a time/current curve for each size of wire when 
inserted in the fuse carrier. Limits of time of about 
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10 seconds and 45 minutes for the extreme end of the 
curve will be suitable in most cases. 

(ii) Making allowance for variation in size of wire of 
a given nominal gauge.— Where possible, the designer 
should aim at using test wires the diameter of which is 
exactly the nominal gauge diameter, so that errors due 
to this cause will be eliminated. In any case, however, 
it is important for calibration purposes to use test wires 
of a given gauge all of exactly the same diameter. Where 
the fuse links are other than nominal gauge diameter a 
correction should be applied to the time/current curve 
as follows :— 

Having measured accurately the diameters of the test 
wires, a curve such as curve A in Fig. 15 should be 
drawn connecting the measured diameters of the wires 
with their 30-minute blowing currents * taken from the 
timefcurrent curves. In curve A the wires used were of 
exactly nominal gauge diameter and the blowing cur- 
rents given in col. 5 of Table 1 have therefore been 
plotted against these values. From this curve the 


exceeds the + 3-5 per cent allowed, then this points 
to the design requiring attention to secure greater 


uniformity. 


(iv) Making allowance for variations due to the steps 
in diameter between consecutive gauges of wive — Having 
eliminated variations due to the above two causes, the 
designer will endeavour to rate his fuse link midway 
between the upper and lower limits of current allowed 
by the specification, i.e. he will aim at securing a 
30-minute blowing current = 2-3 x rated carrying cur- 
rent. Assuming that the calibration timefcurrent curves 
have been plotted, the next step is to draw up a table 
similar to Table 4. Cols. 1 and 2 can be filled up 
directly, and col. 3 is obtained by multiplying by 2-3 
the figures in col. 2. Then from the values obtained 
from the timefcurrent curves, cols. 4 and 5 are filled 
in,* The discrepancy between cols. 5 and 3 is then 
calculated as a percentage of col. 3 and tabulated in 
col. 6, and it will be seen that this discrepancy only 
exceeds the allowable tolerance of + 10 per cent in one 


TABLE 4. 


[See Section (IV) (4) (iv) for explanation.] 


A E a O A O A a BREE OI a a 


1 2 3 
Required 30- 
Max. rated carrying | Requiredrated | Blowing curent ° 
amps. amps amps 
60 138 
55 127 
50 115 
%0 45 103 
40 92 
35 80 


4 5 6 
Ga Nearest obtainable gama rd 
alas tones | 80-min. plowing current (col. T — 3) x 100 

S.W.G, amps, per cent 

15 139 + 0:7 

16 115 — 9-4 

16 115 — 

16 115 + 11-6 

17 87 — 54 

18 74 — 7:5 


change in 30-minute blowing current, owing to a No. 18 
S.W.G. wire being, say, the maximum diameter allowed 
by B.S.S. No. 128 instead of the nominal diameter, is 
an increase of about 2 amperes, i.e. 2/87 x 100 = + 2:3 
per cent. 


If instead of using the 30-minute blowing current the | 


30-second and 20-second values are employed, the above 
percentage would have been approximately the same 
(see curves B and C, Fig. 15), so that over the range of 
time from 20 seconds to 30 minutes the measured 
blowing currents require to be reduced by 2-3 per cent, 
and then a corrected time/current curve can be drawn 
such as would be obtained for a No. 18 S.W. G. true 
to gauge. 


(iii) Making allowance for variations due to manner of 


insertion of the fuse link in the fuse carrier.—To provide 
for variations due to this cause, the designer should 
take a large number of test points in determining the 
time/current curve of a particular gauge of wire and 
draw a mean curve through them. If the observed 
variation from this mean curve due to the above cause 


* For clearness only a mee this curve covering Nos. 17 to 19 S.W.G. is 
drawn in Fig. 15. ae g 


case, namely, that for a rated carrying current of 
45 amperes. In all the other cases the wire selected 
meets with the requirements of the specification, but 
for this particular rated carrying current a single wire 
cannot be used, though the designer may expect to do 
better with two or three wires in parallel. To do this, 
the tests already mentioned must be repeated using 
several wires of smaller diameter in parallel, and it may 
be found desirable to twist these wires lightly together. 
The procedure given above for calibrating a fuse 
carrier is thus resolved into the elimination by the 
designer of variations in rated blowing current due to 
variations in diameter of fuse link and to the manner of 
insertion of the fuse link in the fuse carrier and the 
confining of attention to the obtaining of a suitable 
single wire or combination of wires, the 30-minute 
blowing current of which shall be within + 10 per cent 
of a desired figure. If this is done, the designer is 
certain that, provided his instructions for wiring the 
carrier are followed by the user, then the cut-out will 
comply with the limits allowed by the specification. 


* The figures assumed for cols, 4 and 5, Table 4, have only an eek 
aa oe and are for a wire in a cut-out. The values are taken from 
able 
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(e) Probable limit of accuracy of rating of ordinary-duty 
cut-outs.—The evidence already adduced tends to show 
that, if commercial tinned copper wire is used as a fuse 
link, the limit of accuracy on rated blowing current 
possible with existing designs of ordinary-duty cut-outs 
is about + 15 per cent. 

Taking the three main sources of error separately which 
go to make up this total, it is seen that if a cut-out is 
to be readily rewired by the user:— 


(i) The error of + 3 per cent due to variation in 
diameter of the fuse wire is unlikely to be 
reduced, either by altering the material or 
shape of section, as tinned copper (and copper) 
in the form of wire is the only metal for which 
there is a British Standard Specification regard- 
ing purity* and tolerance on dimensions. It 
is, moreover, a material readily obtainable. 

(ii) The error of + 3-5 per cent due to the manner 
of insertion of the fuse link is inherent in 


€ As determined by resistivity. 


existing designs, and improvement can only be 
looked for in a more rigid support of the fuse 
link along its entire length, such as is obtained 
by the use of a powdered filler. 

(iii) The error of + 10 per cent due to the steps in 
diameter between consecutive gauges of wire 
can be reduced by using for the fuse link a 
number of wires in parallel instead of a single 
wire, but there are no available data as to how 
much this reduction would be. 


On the other hand, if specially constructed fuse links 
were used, then it is probable that the errors due to (i) 
and (iii) above could be very greatly reduced, while if 
the fuse link were surrounded by a filler a further 
reduction due to the partial elimination of cause (ii) 
would result. 

In other words, if close accuracy of rating is required, 
then a change is indicated both in the design of the 
fuse carrier and also in the construction and material of 
the fuse link. 


DISCUSSION BEFORE THE INSTITUTION, 22ND MARCH, 1928. 


Mr. W. Wilson: It is inevitable that one who is 
engaged in manufacturing should regard the subject 
from a somewhat different angle from the author of this 
paper, and that, in addition to the numerous points 
on which we see eye to eye, there must also be some on 
which we are not in such close agreement. If I refer 
to more of the latter than the former, it is not because 
of a want of appreciation for the work described in the 
paper. I should like first to refer to two of the author’s 
proposed standard expressions. ‘‘ Minimum blowing 
current” is lengthy and introduces the slang term 
“ blow,” for which ‘‘ melt ” is equally suitable; but I 
prefer the shorter expression “ critical current,” which 
is in complete agreement with “ critical pressure ” and 
“* critical temperature.” Again, “ time of operation ” 
is needlessly long, while a satisfactory term is already 
standard in “ time-lag,”” with “delay” as a useful 
alternative. Dealing now with the general policy of the 
paper, I rather doubt whether the author has proved 
his case for the recommended change in the current 
rating of fusible cut-outs. Briefly, he objects to the 
minimum current rating, as specified in B.S.S. No. 88, 
on two grounds; first, because this current is difficult 
to determine exactly, and the test may take hours for 
its completion, and secondly because his very full tests 
on naked copper fuses have given certain unsatisfactory 
results. Now 1 hope to show that both these arguments 
are weak ones. As regards the first, the critical current 
certainly does require some care in finding by test; but 
has not the author forgotten that this forms a type 
test, and not a routine test? There is no objection to 
a type test taking hours for its completion, and my 
experience in any case is that the time is exaggerated in 
the paper. However, the value may be quickly and 
„accurately found by calculation on the basis of two or 
three individual tests at convenient values of current 
and time-lag, by means of a method I described a few 
years ago.* It was then shown that the time/current 


* See “The Use of Fuses for Obtaining an Exact Time Element,” World 
Power, 1924, vol. 1, p. 91. 


- characteristic curve of any fuse can be accurately repre- 


sented by an equation which may for present purposes 
be written 1/1? = K(1 — e~‘I"). There are two unknowns 
in this equation that will be supplied by the tests, 
namely K and 7, which are constants for the particular 
wire and cut-out; and, given a method of solving the 
equation, two single tests would be sufficient to find the 
current required to melt the fuse at any time-lag, such 
as that at infinite time (or the critical current). A 
general solution is, however, very difficult indeed; but by 
choosing the time-lags in the test-figures so that one is 
double the other, the equation resolves itself into a 
quadratic. Since the time happens to be the dependent 
variable, several easy tests, close together, and preferably 
the plotting of a portion of the curve will be involved; 
but in any case the time consumed by the set of tests 
should not exceed 10 or 15 minutes. An actual calcula- 
tion made in practice may be quoted as an illustration. 
The pairs of values obtained by test were: t= 6, 
I = 13:8; and¢ = 12, I = 10:95. Then by substituting 
these values in the equation, and dividing, we get 


10-9512 1— e-12/r 
(ase) ~ 1 er 
or 0-588 el2/7 — 1-588 e6/* + 1 = 0. 

Solving this quadratic in the usual Manner we get 
e§/r = 1-7, and hence K = 0:0128. Again substituting, 
and putting =o, whereupon e”? becomes zero, 
the critical current is therefore +/(1/0+0128) = 8-85 
amperes. The method has been regularly used in 
practice, and has proved quite reliable and convenient. 
With regard to the author’s second argument, I do not 
consider that the data obtained from the naked fuses 
are of any value in indicating the behaviour of enclosed 
cut-outs. It is difficult to see why the author has 
devoted so much time to this type of fuse, for in the 
first place it has been obsolete in practice for about 
30 years, and in the second place exposed fuses were 
of lead, copper quite early being found unsuitable when 
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freely exposed, for the very reasons given in the paper. 
In many ways, tests upon a naked fuse give no adequate 
indication as to the behaviour of a fully-enclosed or 
semi-enclosed model. For example, the marked polarity 
effects observed with an enclosed cut-out do not occur 
when the wire is exposed; and again, the wide variation 
of the melting current due to the temperature of the 
enclosure is left out of account. Actually a No. 20 
S.W.G. copper fuse in a porcelain holder which has been 
in service for 6 hours and has thus had time to reach 
its final temperature, will melt at a current about 15 per 
cent lower than when cold. For a No. 14 S.W.G. wire 
the variation is about twice the above, and for larger 
models it reaches three times this figure. This varia- 
tion is not a defect, as it follows the condition of the 
conductors to be protected; but it exercises a big effect 
upon the current rating of the cut-out, and one which 


60 


Melting current, in amperes 


confirmed, the points are remarkably regular and show 
conclusively that no discontinuity has taken place. The 
same is shown in the family of five curves given in 
Fig. A, in which the greatest regularity is evidenced 
throughout. Incidentally, these curves, which were 
plotted four years ago in connection with the design of 
time-element cut-outs for protecting oil-switch pull- 
magnets, possess several other features of interest. 
They were made by means of standard porcelain fuse- 
holders and bases, with the wire threaded through an 
asbestos tube in each case; and they demonstrate that 


- a regular inverse time-element characteristic can be 


obtained when the wire is in fairly complete contact 
with its immediate container. They also show the 


- small effect produced by the tinning, since the two odd 
| numbers were untinned, and indicate how the slight 


modification is produced. From what has been said, 
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Fic. A.—Time-lag curves for tinned and untinned copper fuse wires in porcelain holder. 


the author has not included, although most of those he 
has taken into account are of much less importance. The 
rapid oxidation of copper when in free contact with air 
is well known; in fact an overheated copper wire is the 
method employed for absorbing oxygen in a well-known 
process for analysing the atmosphere. The oxidation 
goes on to a slight extent with all copper fuses, even 
when enclosed, and its complete prevention is desirable. 
But the author has assumed on very slight evidence that 
the discontinuity effects that are the subject of so 
many of his diagrams are experienced with other than 
open fuse wires. The assumption rests, as far as the 
paper shows, entirely on the three irregular points in 
curve A of Fig. 12. These are so likely to be the result 
-of experimental errors that the author should not have 
based any conclusion upon them without stating that 
their aberration had been confirmed by repetition. As 
a matter of fact, the experiment was repeated under 
almost the same conditions for obtaining curve B in 


the same diagram; and, so far from discontinuity being | 


I think it can be taken that no discontinuity occurs 
- when the air supply is limited, as with the commercial 


cut-out, and thus the author’s argument in favour of 
the 30-minute rating falls to the ground. If a fuse 
were to be rated according to its performance after a 


- given interval, then the interval should be so chosen as 
- to terminate at a point on the curve where the slope 


has some definite value, for what is a short period for, 
say, No. 14 S.W.G. would be a very long one for No. 24; 


. and this would entail a different period for each size of 


wire. Consequently, I am in favour of continuing to 
standardize at the only uniform time-lag for all sizes 
of wire, viz. infinity, as in the present specification. The 


- author’s findings at the top of page 936 as to the effect 


of the asbestos tube upon the current rating are interest- 
ing, especially as he is in conflict with the I.E.E. Wiring 
Regulations. The latter state that more current is 
required to melt a fuse so enclosed. Some years ago 
I had occasion to settle this particular point for a number 
of porcelain cut-outs of two makes, and I found that 
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the critical current was reduced by from 10 to 15 per 
cent, an estimate that was published last year. As my 
result was challenged at a recent B.E.S.A. meeting, I 
was particularly pleased to find that the author’s figures 
for the most representative cases, which he gives as 
from 11 to 14 per cent reduction, are in such full agree- 
ment with my own. Finally, the paper concludes with 
the statement that ‘‘ if close accuracy of rating is required, 
then a change is indicated.” It should be more widely 
realized that for probably at least 95 per cent of the 
cases where fusible cut-outs are employed, they are used 
for protection against faults, and not overloads. The 
obvious requirement is that the fuse shall not operate 
for normal loads or for ordinary overloads, but shall 
do so when the insulation breaks down, entailing a pas- 
sage of very many times the normal current; for it must 
be remembered that a ‘‘ domestic” network has no 
convenient earthing resistance to limit the fault current 
as in the case of a power supply system. It is absurd 
in such instances to require close accuracy of rating, 
and actually there are millions of fusible cut-outs of 
quite ordinary patterns that have been protecting such 
installations in this country for years with complete 
success. There are undoubtedly a few situations that 
call for separate treatment, but it is a source of in- 
efficiency in our present fuse specifications that the same 
requirements are made without regard to the class of 
duty for which the device is intended. I am strongly 
of the opinion, for example, that B.S.S. No. 88 should 
cater for three classes of duty. These would be, first, 
light duty, including cut-outs for dwelling houses, having 
a rupturing capacity of, say, 30 times the normal rating; 
secondly, ordinary duty, to cover cut-outs in factories 
and similar situations, where the rupturing capacity 
is, say, 60 times normal; and finally heavy duty, such as 
in or near power stations, for electric traction, and for 
other similar purposes beyond the present provisions of 
the specification, for which the rupturing capacity 
would be, say, 100 times normal. A distinction should 
also be drawn between those employed for strict inverse 
time-element overload purposes, and those for mere 
fault protection. 

Mr. S. W. Melsom : The discontinuity consequent 
upon a change of something like 1 per cent in the 
fusing current is certainly an effect that has not been 
noticed before, and 1 thought at first, when the author 
referred to the critical point being due to oxidation, 
that it might be avoided by first oxidizing the wire, but 
strangely enough this did not affect the discontinuity 
at all. 1 think it is probable, however, that if the 
wire were really well oxidized first, the discontinuous 
portion might disappear, and also that if the wire were 
more thoroughly tinned the values might be altered, 
since the tin on volatilization should combine with the 
copper and make an alloy which has a lower melting 
point and a higher resistance than the copper itself. 
When a copper wire is slightly oxidized by being run 
at its normal full load for half an hour or so, the blowing 
current is altered to the extent of 2 per cent. That is 
another factor which the author might like to include. 
The author's quotation from the 1.E.E. Wiring Regula- 
tions and his reference to Continental or American 
ratings are not, I think, quite in order. He proposes 
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to apply the Continental or American ratings, which are 

very much closer than ours, to copper, which requires 
very much wider limits. The American rating is for a 
fuse which is not blown at 10 per cent overload but 
must blow at 25 per cent overload, and it must blow in 
a comparatively few seconds at 50 per cent overload. 
That affords a high degree of protection for the system, 
but if a copper fuse is so constructed that it must not 
blow with 100 per cent overload but must blow in, say, 
half an hour at 130 per cent overload, the whole ques- 
tion of the protection of the circuit is altered and I think 
that the Continental and American ratings ought not 
to have been quoted unless their limits also had 
been given. I think that the author is not quite fair 
to the Wiring Regulations in his remarks about dis- 
continuity on page 927. The tables in the Regula- 
tions are headed “ Approximate fusing currents of 
copper wires in free air.” The author quarrels with this 
because the approximate current is 1 per cent different 
from that stated in the Regulations. The really serious 
point and the one which I think should now be discussed 
is the question of what is really wanted in the rating 
of a fuse. Opinions vary very greatly. Mains engineers 
want a ratio of blowing current to normal current of 
something like 3:1. They are probably quite right 
and such a ratio may suit their particular conditions of 
use where the whole system is supervised by engineers, 
but when one comes to the multiplicity of large and 
small installations covered by the I.E.E. Wiring Regula- 
tions the matter is not so simple. The author has 
assumed that because copper has this weakness and 
this discontinuity point we should therefore extend the 
rating enormously. The rating that the author suggests 
in the paper is that the fuse shall not blow at twice the 
normal current, but that it shall blow in half an hour 
at 2-6 times the normal current. Is not the object 
of a fuse to protect the circuit? A fuse that will not 
melt at double the normal current obviously cannot 
protect a circuit efficiently. Twice the normal current 
means four times the heating on the cables, and this, if 
kept on for an appreciable period, is quite sufficient 
to spoil the insulation of any rubber cable. Added to 
this is the fact that it is impossible to have a fuse wire 
exactly to suit any given installation. In practice, the 
next size larger is used, which results in a wider 
margin than 2:1, which I suggest is ample for all 
normal small-house purposes. The author suggests 
that copper (although he does not give any evidence to 
prove it) will not run continuously without deterioration 
at what is described in the Wiring Regulations as its 
normal rate of current. I cannot agree with him. I 
took three sizes of wire from the Wiring Regulations table 
and ran them continuously at their rated current for 
something like 7 weeks. At the end of that time, beyond 
a slight discoloration there was no physical or other 
change in the wires. If a circuit is running fully loaded, 
protected by a fuse, it is surely just as well that the fuse 
should blow once in 6 months as a reminder that the 
circuit is loaded up to its limit. The author, however, 
argues in the other direction. He says that because that 
may happen the rating of all fuses should be extended 
up to a point where, in my opinion, they fail to afford the 
circuit any reasonable protection. Clearly the primary 


61 


942 


MORGAN: A CRITICAL STUDY OF THE CURRENT RATING OF 


consideration in the design of a fuse is protection of 
the circuit, and the paper really means that copper 
is not a very satisfactory material for a fuse. I think 
that the solution at present is not to change the Wiring 
Regulations to the extent which the author suggests, but 
simply to change the figure of 60 seconds to 30 seconds. 
It might involve a change of 1 per cent in some of the 
values which would be covered by that useful word 
“* approximate,” but still it would give the maximum 
degree of protection that can be afforded with a copper 
fuse. The next step of the Electrical Research Associa- 
tion, and a very big one, will be to find a better material 
for fuses than copper. For small sizes at present copper 
is practically indispensable. Some people may say that 
it does not matter what size or what material is used for 
currents up to 800 amperes, but of course that is in- 


correct. The amount of energy that has to be dealt | 


with when a dead short-circuit occurs depends largely 
on the amount of metal to be volatilized, and too large 
a wire frequently means that the fuse holder will be 
blown to pieces. It is probable that copper could be 
dispensed with for the larger sizes; the only reason why 
it is used in small sizes is that it is a hard material 
and can be clamped up without undue compression. 
In the larger sizes a much more satisfactory material 
than copper can be used, and moreover in these an 
enclosed fuse should be employed wherever possible. 


Mr. A.M. Pooley : I am a fuse manufacturer and for | 


many years I have carried out investigation work con- 
tinuously. For some years many manufacturers of 
fusible cut-outs have known that the existing British 
method of rating is not exactly satisfactory when any- 
thing like accurate fusing is required. The results of 
the author’s tests have proved that anything like accurate 
limits of rating are not possible with the existing design 
of the semi-enclosed cut-outs employing tinned copper 
wire as a fuse, the controlling factor being that if the 
Close limits of rating are obtained the fuse link must 
be run so hot that it will oxidize rapidly and ultimately 
blow when not required. Apparently this is somewhat 
in contradiction to 1.E.E. Wiring Regulation No. 68A (b), 
which requires a cut-out to operate in 1 minute and to 
carry a current equal to twice the carrying capacity 
of the smallest cable in the circuit. The logical conclusion 
is, as the author points out, to use a different material 
for the fuse link or a different kind of cut-out. With the 
exception of silver, the use of a metal other than copper 
results in the increase of volume of the fuse link over 
a given rated carrying current, on account of increased 
electrical resistivity (except in the case of silver, which 
is unsuitable for this class of cut-out on account of 
cost and the difficulty of obtaining supplies). This 
would lead to reduction of the rupturing capacity on 
account of the larger volume of metal vapour produced 
under short-circuit conditions, so that closer limits of 
rating can only be achieved at the expense of making 
the cut-out unsafe to use. If metals other than copper 
or silver are used in a fuse of, say, 700 amperes, a large 
amount of metal is involved which, when there is heavy 
power behind-it, will cause considerable disturbance. 
Of course, the alternative is to change the design of 
cut-out. The cartridge fuse has been referred to, and 
if close limits are required it appears that this type of 


` ratings. 


fuse is desirable. It is quite possible with a cartridge fuse 
to fuse at 1-25 times the rated carrying current without 
fear of the fuse failing under normal load conditions. 
On the question of rating of fuses, which I consider to 
be a very important matter, some manufacturers of cart- 
ridge fuses at the present time have issued time/current 
curves to show what each fuse will do. In con- 
clusion, I should like to say that the results of the 
tests carried out by the Research Association and by 
the author have been verified in the laboratories of the 
English Electric Co.'s fuse works at Coventry, and sub- 
stantially we agree with them, especially in regard to 
the critical period for discontinuity. 

Mr. Vernon Hope: I was a member of the particular 
British Engineering Standards Committee under the 
chairmanship of the late Mr. Wordingham which was 
responsible for B.S.S. No. 88, but I do not accept any 
responsibility for the method adopted for fixing the 
I objected very strongly to this method for 
exactly the same reasons that the author has put forward, 


- namely that a satisfactory rating method must include 


the time factor, but at the time I could not obtain any 
support on this committee. I think it will be generally 
agreed that the most interesting point brought out by 


| the author is the question of discontinuity of the curves 


of blowing current and time of operation, and I have no 
doubt that his explanation that this is a phenomenon 
of oxidation is correct. I discovered this myself some 
years ago and overcame the discontinuity in the curves 
of my special fuses by oxidizing the strips in preparation. 
This is the reason that the Zenal fuse elements are 
supplied blackened, as this discontinuity is considerably 
more marked in the case of a strip than in the case of a 
wire, for obvious reasons, which bear out the author’s 
interpretation of the phenomenon. It is interesting to 
compare the fusing tables of Preece, and Schwartz and 
James, with those of the author:— 

If we take No. 14 S.W.G. tinned copper wire, Preece 
gives a fusing current of 231-5 amperes, Schwartz and 
James have no formula for this size, while the author 
gives 192 amperes. For No. 19 S.W.G. copper wire, 
Preece gives 81-95 amperes, Schwartz and James give 
67-98 amperes, while the author gives 66 amperes. For 


` No. 22 S.W.G. copper wire, Preece gives 48 amperes, 


Schwartz and James give 41 amperes, while the author 
gives 39-5 amperes. And for No. 30 S.W.G. copper wire, 
Preece gives 14-13 amperes, Schwartz and James give 
13-14 amperes, while the author gives 11-8 amperes. 
Now it will be observed that Preece in every case gives 
results on one side of the period of discontinuity, and 
Schwartz and James on the other side, and it would 
almost appear that they had some suspicion that some- 
thing of the kind existed, but the author, by adopting a 
30-minute rating, has steered well clear of this discon- 


_timuity period. The suggested new continuous rating 


is given as 38-45 per cent (1/2: 6) of the blowing current 
and, in addition, the blowing current specified is approxi- 
mately 82 per cent of Preece's rating; therefore it is 
necessary to realize what the suggested new rating 
means. What it means is that, instead of 50 per cent 
of Preece's blowing current being taken for the continuous 
rating, the figure will now be 38-45 per cent of 82 per 
cent, or 31:5 per cent of Preece’s blowing current. In 
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the case of a No. 14 S.W.G. wire this means a continuous 
rating of 73 amperes as against 115 amperes on the 
present convention. Even if the rating advised by the 
author to be aimed at, i.e. 2-3 times the continuous 
rating, be taken, the percentage is 35-7 per cent, giving 
a continuous rating of 83 amperes for a 14 No. S.W.G. 
wire, against 115 amperes as at present. It is very 
clear, if the author’s suggested rating be adopted, that 
the use of copper fuse wires can only be relied upon as a 
protection against short-circuit, as a fuse will carry 
twice its normal current for a period of many hours. 
No fuse can be said to be satisfactory which can only 
be relied upon as a protection against short-circuits. In 
the two concluding paragraphs of the paper the author 
draws attention to the fact that if specially constructed 
fuse links were used it is probable that errors due to 
variation in diameter of fuse wire and the variation due 
to the manner of the insertion of the fuse link could be 


- greatly reduced, but whilst I agree with this it has 


been shown that by specially constructed fuse links not 
only can these minor errors be overcome, but a very 
different form of rating can be put forward. In this 
connection it is interesting to note the Admiralty 
specification for powder-filled fuses. The rating therein 
specified is as follows: ‘‘ The fuses must be so propor- 
tioned and constructed that (a) with the surrounding 
atmosphere at a temperature of 75° F. they will open 
circuit when the current reaches a value of 25 per cent 
for fuses up to 60 amps. rating, and 50 per cent for fuses 
up to 125 amps. rating, in excess of that for which they 
are rated without causing damage to the container, 
contacts or surrounding objects, and (b) with the 
surrounding atmosphere at a temperature of 75° F. they 
will open the circuit when a current 50 per cent for 
fuses up to 60 amps. rating, and 100 per cent for fuses 
up to 125 amps. rating, in excess of that for which they 
are rated is suddenly applied to them within one minute 
for fuses rated from 0 to 30 amps., 2 minutes for fuses 
rated 31 to 60 amps., and 3 minutes for fuses rated to 
125 amps. without causing damage to the contacts, con- 
tainer or surrounding objects.” Further, there are fuse 
links commercially obtainable on the market at the 
present time which comply with a very much closer 
specification even than that specified by the Admiralty. 
The advantages of powder-filled fuses are now well 
understood and I think that the paper does show the 
great weakness of the type of fuse that has been prac- 
tically standardized in this country for years past. 

Mr. L. C. Grant: At the present time practical re- 
search work such as that described in this paper is very 
much needed in the industry. Whilst I realise that the 
work has an immediate and direct application to B.S.S. 
No. 88, which is at present under revision, I think that 
it is rather a pity that more attention has not been paid 
to the aspect referred to in the last paragraph of the 
paper, where the author says: “ If close accuracy of 
rating is required, then a change is indicated both in 
the design of the fuse carrier and also in the construction 
and material of the fuse link.” It seems to me that 
there are two separate departments in this question of 
fusing electrical circuits. The first, and I think the more 
important, is where accuracy is required, and the other 
is where something simple and cheap is all that can 


be afforded, and implies small domestic fuses and 
the like. Specially designed fuse links are now avail- 
able commercially which can be relied upon to blow 
at 10 to 20 per cent above full-load current, and are 
thus capable of providing high-grade protection for 
apparatus, mains, etc. The copper wire fuse should be 
reserved for low-power work. Accurate performance 
can be obtained from a scientifically designed modern 
fuse, either of the cartridge form or embodying a special 
link which will give real protection. For instance, 
there are links on the market the time/current curves of 
which can be guaranteed to within 20 per cent and even 
within 10 per cent. We can make very good use of 
such characteristics, and in several large undertakings 
in this country the method of running and the protection 
obtained have been radically improved by taking advan- 
tage of these features. The time/current curves should 
be provided in all cases when supplying fuses of any 
importance, and the manufacturer should be given the 
opportunity of applying these results to the characteris- 
tics of the apparatus to be protected. As an example 
of what can be done with accurate ratings, some few 
years ago certain power station auxiliary motors were 
fed through fuses purposely so large that they would 
not blow on anything but a cable fault. Thus the 
motors were left entirely at the mercy of the main pro- 
tective gear, and extensive damage could be caused on a 
breakdown, both to the motor and to other apparatus, 
besides affecting the supply to other apparatus. The 
improvement effected can perhaps best be appreciated 
from a specific instance of a 440-volt, 3-phase, 40-h.p. 
squirrel-cage motor driving an air pump, the efficiency 
and power factor being 70 percent, and the current taken 
at full load being 57 amperes. The stalling current was 
228 amperes and the standing current 399 amperes for 
the same motor, the latter figure representing a maximum 
standing time of 1 second. A fuse was required which 
would protect this motor when switched direct on to 
the line at full voltage, which would not blow on the 
standing or stalling currents, even though the latter were 
sustained for the maximum allowable figure (in this case 
20 seconds), and which would yet blow at a reasonable 
overload figure. These and parallel requirements were 
quite easily complied with. The time/current curve has 
to be obtained only once for each fuse, so there is nothing 
very laborious about this operation as has been implied in 
some quarters, and it is quite possible with commercial 
links to get a rating curve which is reliable for periods up 
to 3or4hours. Itseems that the wire element is suitable 
only for small work because of its low rupturing capacity 
and because of its great inaccuracy of rating, particularly 
when we take into account the discontinuity portion, 
which I think has not been entirely recognized in the 
past. The question of oxidation has been touched upon 
in the past, because I know of at least one fuse link 
on the market which is extensively oxidized before it is 
turned out from the factory, with the result that the 
discontinuity point does not exist with that fuse. 

Mr. S. Whitehead : I note that the experiments were 
confined to tests using tinned copper for the fuse links. 
In a report by the Earthing Sub-Committee of the 
Institution, to which the author refers, the use of pure 
tin is recommended in order to obtain closer limits of 
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rating than are possible with tinned copper. I should 
like, therefore, to ask the author why these experiments 
were confined to tinned copper, and how far he agrees 
that tin fuse links would give closer limits of rating. 
How do his proposed limits compare with the V.D.E. 
Rules for this class of fuse? It is stated in the paper 
that to avoid excessive deterioration of a tinned copper 
wire it should not be rated higher than 50 per cent of 
its 30-minute blowing current, but the author does not 
give any test-results in support of this statement. 
Although his proposal is practically the same as that 
advocated by Schwartz and James and Kefford, it 
would appear from the I.E.E. Wiring Regulations that 
the hottest part of the wire would then only have a 
temperature-rise of rather less than 150 deg. C. Since 
tin does not melt until 231°C. this appears to be a 
rather low working temperature, and I should like to 
ask the author whether he has any figures connecting 
the maximum temperature of the fuse link with the 
percentage of 30-minute blowing current carried. Has 
he had in mind the following effects in connection with 
the oxidation theory of the discontinuity which he has 
mentioned? With a high blowing current the tempera- 
ture rises at a rate which decreases owing to the fact 
that radiation increases at a more rapid rate than the 
resistance and the heating developed. This decrease is 
still more marked when at a certain temperature, as he 
suggests, a film of oxide begins to form, but the heating 
still exceeds the dissipation even when this film is 
complete and the rate of emission is a maximum. The 
rate of temperature-rise now increases more rapidly, 
since emissivity no longer increases, while the re- 
sistance increases owing to decrease of cross-section 
through oxidation and evaporation. At lower currents, 
however, equilibrium between heat developed and heat 
dissipated takes place before the surface film is complete. 
The temperature now falls, since, although radiation 
decreases with the fall of temperature, the emissivity 
is still increasing owing to the growth‘of the surface 
film. Were it not for the decrease of cross-section 
through oxidation and evaporation a stable equilibrium 
would occur at a lower temperature corresponding to 
a complete surface film, or maximum emissivity. 
The increase of resistance, however, makes this latter 
equilibrium unstable, and a minimum as well as a maxi- 
mum occurs on the voltage-drop/time curve. At a 
certain critical current the first equilibrium would occur 
at maximum emissivity and in this case one would have 
a curve which would divide the upper curves into two 
classes, one on each side of the point of discontinuity. 
The fact that double blowing-time values occur for some 
currents might perhaps be explained by variations in the 
composition and structure of the metal, particularly 
with reference to the crystal structure of the wires cun- 
cerned. There would still, I am afraid, remain the 
difficulty of explaining why there should be a certain 
interval in which the fuse does not appear to blow at all. 

Mr.W.D. Owen: In his criticism of the 1.E.E. method 
of rating fusible cut-outs, the author makes no reference 
to the considerations which influenced the Earthing 
- Sub-Committee in the choice of method. The report 
of that body, published in 1920, shows that the choice 
was in effect the least of three evils, viz. (1) Increasing 
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the allowable temperatures at which insulated conductors 
could be worked; (2) reducing the working current 
for a given conductor; and (3) decreasing the margin 
of overload for fuses. It is seen, therefore, that the 
question of the rating of a fusible cut-out is one that 
can scarcely be dealt with apart from the associated 
cable. It may be that a compromise can be effected. I 
suggest that 1.E.E. Wiring Regulation No. 68A (b) should 
be reconsidered in the light of the present paper to see 
whether any alteration is possible to bring the require- 
ments into line with the known performance of existing 
designs. | 

Mr. E, B. Wedmore : There are important considera- 
tions in the paper which are new and which will have 
to be taken into account before any decision is reached in 
the revision of B.S.S. No. 88. 1 refer particularly to the 
effect of tolerances, which cannot be avoided. I am 
rather surprised that no speaker so far has shown how 
he would propose, in connection with either the B.E.S.A. 
Specifications or the I.E.E. Wiring Regulations, to get 
over the difficulty which arises from the existence of 
tolerances. I was responsible for the original B.E.S.A. 
proposal and the actual wording, and I had in mind a 
characteristic of fusible cut-outs which has not been 
referred to in the discussion. The time curve of a 
fusible cut-out can be divided into three parts. During 
the first part there is no appreciable loss of heat, because 
the time is very small and the curve has an inverse-square 
characteristic. Secondly comes a long portion over 
which the fuse is losing more and more heat as the time 
increases, and a curve is obtained which may be roughly 
hyperbolic. It may be characterized by an expression 
such as that which Mr. Wilson has given. Then, finally, 
after a lapse of time, the surroundings become heated 
up. In this last stage, end conductivity and the effect of 
the surroundings come into play, and a modified curve 
is obtained. It was on account of that final stage 
and the ultimate effect of the surroundings being of 
importance in certain fusible cut-outs, that I was led to 
suggest that the rating should be the ultimate fusing 
current, whatever that may be. A rating based on 1 
second, or even on 1 minute, does not give time for the 
effect of the surroundings and for the effect of end con- 
ductivity to appear. It is useful to work on a sensitive 
part of the curve in arriving at a rating if one can do so, 
but the apparently sensitive part of a hyperbolic curve 
depends entirely upon the scale to which it is drawn. 
The true critical value in cut-outs of the size with which 
we are now dealing differs very little from the sort of 
value that can be obtained in a 30-minute test. When 
considering a large, heavy cut-out the ultimate value 
does require very careful attention, but in the size of 
fuse that we are discussing, i.e. fuses up to 100 amperes 
or so, the 30-minute test will give substantially the same 
figure. The figure will be near enough, háving regard 
to the large margin which must inevitably be allowed 
if the tolerances on the wire to be used for the cut-out 
are taken into account. Incidentally, the use of such 
a period as 30 minutes enables one to avoid that danger 
zone where the performance is uncertain, and he would 
be a bold man who would say that in no ordinary-duty 
cut-outs as now manufactured does that critical zone 
appear. 
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Mr. A. F. Harmer : I am more or less in agreement 
with Mr. Melsom, particularly in regarding a fuse as a 
protection against short-circuits only. I think that the 
general tendency in the discussion has been to show 
that copper wire is not wholly satisfactory as a fuse. 
I am successfully using, on 6 600 volts, bimetal fuse 
wire (copper core with lead sheath). Only one size 
of wire is used for any size of transformer up to 300 kVA. 
This is merely to cater for short-circuits on the high- 
tension winding, overloads being dealt with on the low- 
tension side. I am reminded of a very successful fuse 
which was used about 30 years ago on 1 000-volt circuits. 
This consisted of a flat tin strip shunted by a platinoid 
wire. The sequence of operation was that the tin 
strip quietly melted and then the final rupture took place 
upon the fine platinoid wire. I consider that no fuse 
in a private house, even on the smallest circuit, should 
melt at less than, say, 20 amperes, for the reason stated, 
namely that it is merely a fusible link as a protection 
against short-circuits in lampholders and other 
apparatus. 

Mr. C. J. Baker (communicated): It is a question 
whether tinned copper wire is the best material to 
use for fuse links having to carry more than 40 amperes 
continuously. This current requires a wire of about 
No. 18 S.W.G., which is a convenient size to fix under a 
plate or washer. When larger sizes are used, contact is 
frequently bad and the tolerance given by the author 
to cover this fault is generally exceeded in practice, 
especially when multiple wires are used. The author 
calls attention to the different results attained when 
the fuse wire touches the asbestos tube lining the carrier. 
This shows how difficult it is to fix a definite rating, as, 
however careful the designer of the carrier is, the result 
depends largely on the care taken in re-fusing the carrier. 
Much better results are attained by using strip fuses, 
especially when the section is reduced in the centre. 
Closer rating is attained by using shunted fuses; this 
method appears to be more desirable for sizes above 
400 amperes. Another fault affecting the blowing 
current is the heating caused by bad contact between 
the fuse carrier and the fuse contacts; in fact, in my 
opinion, most of the faults attributed to ‘‘ fuses ” are 
caused by bad contact. 

Mr. P. D. Morgan (in reply): On the subject of 
nomenclature, Mr. Wilson criticizes the particular terms 
by which certain physical quantities are designated in 
the paper. The main advantage to be sought in nomen- 
clature is freedom from ambiguity, and there is no 
suggestion that the nomenclature employed is faulty in 
this respect. Five years ago, in preparing for the 
Electrical Research Association a résumé of published 
information on fusible cut-outs, the chaotic state of the 
nomenclature then prevailing on the subject became 
apparent. There were numerous instances in which the 
same term had been applied to several different quantities 
and also the same quantity designated by several 
different terms, and I found it necessary as a preliminary 
to define over 30 quantities. Since that time, some 
modifications have been made in some of the definitions 
then suggested to bring them into line with the results 
of the large amount of experimental work which has 
since been carried out by the E.R.A. The revised 
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definitions, in which are included those given in this 
paper, constitute the first attempt made—at any rate 
in this country—to provide a comprehensive nomen- 
clature on this subject, and they are now under con- 
sideration by the British Engineering Standards Asso- 
ciation with a view to standardization and inclusion in 
the British Standard Glossary of Terms used in Electrical 
Engineering (No. 205—1926). 

Mr. Wilson does not agree that minimum blowing 
current is unsatisfactory as a basis of rating, but in 
reply I would reiterate what is stated in the paper, 
namely, that the unsuitability of this quantity as a 
basis of rating is the considered opinion of a Sub- 
Committee of the Institution. The condemnation rests 
mainly on the long time required to measure this quantity 
accurately. In effect, Mr. Wilson acknowledges this 
drawback and proposes to avoid the lengthy tests by 
obtaining experimentally two points on the time/cur- 
rent curve, calculating therefrom the minimum blowing 
current by assuming that the curve has a par- 
ticular form, and hence deducing the rated carrying 
current. This proposal is tantamount to basing the 
rated carrying current on measurements of blowing 
current and time of operation for two relatively short 
periods, for which the current values are greater than 
the minimum blowing current. This is precisely the 
basis of the method suggested in this paper, except that 
the latter (among other advantages) makes no assump- 
tions as to the form of the time/current curve, and 
thereby avoids what experience in testing a large number 
of different makes of cut-outs has shown would be a 
source of considerable error. 

Mr. Wilson admits the presence of the phenomenon 
of discontinuity for tinned copper wires “free in air,” 
but not for wires in semi-enclosed cut-outs. ` He agrees 
that the discontinuity is due to oxidation, and, if this 
is so, then it must be present so long as oxygen is present 
around the wire. Existing designs of semi-enclosed cut- 
outs, as their name implies, are not totally enclosed and 
air-tight. A space is usually left between the fuse 
carrier and base to relieve the pressure produced by the 
vaporized metal of the fuse link when the cut-out 
operates under short-circuit conditions. Even if the 
cut-out were enclosed in an iron case with a fairly tight- 
fitting lid, the air would be completely renewed, and thus 
the characteristics of the cut-out completely changed, 
each time the case was opened for inspection. Again, 
the holes where the cables enter are by no means air- 
tight. It may fairly be said that oxygen is always 
present around the fuse link of a semi-enclosed cut-out, 
though the free passage of air around the wire will be 
restricted to a varying extent, depending on the par- 
ticular design considered. It follows that discontinuity 
will most probably be present in a semi-enclosed cut- 
out employing tinned copper fuse links, the extent 
depending on the degree of ventilation occurring in the 
particular design considered, though, as stated in the 
paper, the effect may be masked by such uncontrollable 
features as the irregular touching of the fuse link by 
the asbestos tube surrounding it. Mr. Wilson suggests 
that this conclusion is not borne out by the experi- 
mental evidence in the paper, but a more careful study 
shows that the reverse is the case. In Figs. 11, 12 and 
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14, time/current curves are given for five different 
designs of semi-enclosed cut-outs and in only one of 
these, namely, curve B, Fig. 12, is there any sign of the 
test points lying on a smooth curve through the region 
where discontinuity would be expected. It is signi- 
ficant that curve B refers to a design in which the 
circulation of air was more restricted than is usual. In 
any case, a revised basis ‘of rating must legislate for the 
products of the industry as a whole and not, as Mr. 
Wilson apparently assumes, for one particular design. 

Mr. Wilson considers it absurd to require close 
accuracy of rating on small overloads because in 95 per 
cent of practical cases a fusible cut-out is not required 
to operate on ordinary overloads, but only when the 
insulation breaks down (i.e. under short-circuit condi- 
tions). Clearly this is not a criticism of the present 
paper, but of existing regulations. Both the I.E.E. 
Wiring Regulations and B.S.S. No. 88 call for definite 
overload requirements by specifying the relation which 
shall obtain between the minimum blowing current and 
the rated carrying current, and while such regulations 
are in force a discussion of the accuracy of rating of a 
cut-out on small overloads is clearly an important 
matter. One of the objects of the present paper is 
to show that some of the existing regulations are 
scientifically contradictory. The basis of Mr. Wilson’s 
criticism is that some of the existing regulations are not 
in accordance with practical requirements and, while 
this is probably correct, it is not a criticism of the subject 
matter of the paper and does not, therefore, call for any 
further reply. 

It is satisfactory to note that Mr. Wilson’s tests, 
regarding the relation between the minimum blowing 
currents of a wire “free in air” and in a commercial 
fuse carrier, confirm those given in the paper, namely, 
that the minimum blowing current is usually greater 
when the wire is “ free in air,” and that the existing 
I.E.E. Regulations on this subject require modification. 

In reply to Mr. Melsom, I would say that what I 
consider to be important in the method of rating suggested 
in the paper is the employment of the “ limit ’’ method 
of test, i.e. the specifying of two current values and one 
time period in which the measured characteristics of the 
cut-outs must fall. Such a method provides for toler- 
ances in rating which always exist but which, in present 
British methods, are entirely unrecognized. The par- 
ticular numerical values assigned to the above-mentioned 
limits I consider, from the present standpoint, to be of 
secondary importance and I do not suggest that those 
put forward in the paper are the most desirable limits 
for ordinary-duty cut-outs from the standpoint of the 
cables to be protected. The results of my tests show 
that if tinned copper wires are employed as fuse links, 
then the numerical limits given in the paper are the 
closest which can be obtained when due regard is paid 
to the sources of variation which must occur. If such 
limits do not meet the requirements of existing regula- 
tions or those of the apparatus to be protected, then a 
change is indicated either in the design of fuse carrier 
and material of the fuse link, or in the regulations. That 
is my justification for referring to Continental and 
American methods of rating (in which limits are em- 
ployed, without stating the numerical values of the limits, 
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In raising the question as to what really is required 
in the rating of a cut-out, I consider that Mr. Melsom 
goes to the root of the problem. I.E.E. Wiring Regula- 
tion No. 68A (b) requires a cut-out to melt in 1 minute or 
less when carrying a ‘current equal to twice the rating 
of the smallest cable protected by it. This means that 
protective requirements are at present based on the 
overload characteristics of the cables connected to 
the cut-out, and that the overload characteristics of the 
particular apparatus in the circuit are ignored. It is 
doubtful whether this is the best course in some instances, 
but the types of installation covered by the I.E.E. 
Wiring Regulations are so varied that it is difficult to 
formulate a basis of protection suitable for all instances. 
I consider that it would be very valuable if Mr. Melsom’s 
suggestion were followed up, and an investigation made 
of the protective characteristics required of ordinary- 
duty cut-outs. 

The experimental basis for the statement in the paper 
(to which Mr. Melsom refers) that a tinned copper wire 
(of the sizes under consideration) should not be run at 
more than 50 per cent of its minimum blowing current 
if excessive deterioration is to be avoided, is contained 
in a series of tests which I carried out in 1925 at King’s 
College (London) under the guidance of Prof. E. Wilson. 
Measurements were made (by means of fine platinum- 
iridium thermo-couples) of the temperature distribution 
along the length of tinned copper and copper wires 
carrying various currents, “ free in air” under steady 
conditions. Typical results are illustrated by the curves 
for a No. 17 S.W.G. wire given in the accompanying 
Figs. Band C. The figures so obtained for the maximum 
temperature-rises of the wires were in conflict with those 
given in the Institution Regulation.* It is therein 
stated that the maximum temperature-rise above the 
temperature of the ambient air of a wire carrying 50 
per cent of the 1-minute blowing current is 100 to 150 
deg. C., whereas my tests showed that the figure is 
nearer 230 deg. C. Check-tests made by two inde- 
pendent methods confirmed this figure, and it thus 
appears that a tinned copper wire carrying the maximum 
safe working current recommended by the Regulations 
will have a maximum temperature above the melting 
point of tin. On the other hand, at 50 per cent of the 
30-minute blowing current the maximum temperature- 
rise above the temperature of the ambient air was only 
about 170 deg. C. (as the maximum-temperature/current 
curve rises steeply about this region), and this is the 
reason for the recommendation made in the paper. On 
the question of changing the test period of 30 minutes 
proposed in the paper to one of 30 seconds as suggested 
by Mr. Melsom, I would say that the latter period would 
be insufficient for the cut-outs, especially those of the 
larger sizes, to reach a maximum temperature anywhere 
approaching that attained in practice, and for this 
reason I entirely disagree with his proposal. 

I am pleased to note that Mr. Pooley has independently 
checked the experimental results I have given, as I 
regard his confirmation as authoritative. I fully agree 
with his remarks as to the superiority of the filled 
cartridge fuse when close accuracy of rating is required. 

Mr. Hope’s method of artificially blackening the fuse 


* Ninth Edition, May 1927, page 113. 
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Fic. B.—Temperature curves for No. 17 S.W.G. tinned copper wires, fixed vertically and free in air. All temperatures 
measured by thermo-couples. Curves showing steady temperature distribution at various steady currents. 
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Fic. C.—Temperature curves for No. 17 S.W.G. tinned copper wires, fixed vertically and free in air. 
All temperatures measured by thermo-couples. Experimental curves connecting maximum 
steady temperature and steady current. 


Points shown thns, x, are for No. 17 S.W.G, plain copper wire, for comparison with tinned copper wire. 
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links to overcome “ discontinuity ’’ is very ingenious 
and should be effective. Mr. Hope considers that no 
cut-out can be said to be satisfactory which can only be 
relied upon as a protection against short-circuits, and 
I am in agreement with his statement. It is to be 
observed, however, that this is the exact opposite of 
Mr. Wilson’s opinion on which I have commented above, 
and gives further support to my remarks as to the 
utility of Mr. Melsom’s suggestion that we should find 
out what protective characteristics really are required 
of a cut-out. 

The same question is touched upon by Messrs. Grant, 
Owen and Harmer, though in a slightly different form 
in each case. Mr. Grant advocates the application of 
the time/current curves of the cut-out to the character- 
istics of the apparatus to be protected, but I have 
already shown in my reply to Mr. Melsom that existing 
regulations call for the protection of the connected cables 
and not the apparatus, though I am fully in agreement 
with Mr. Grant in desiring to take the characteristics 
of the apparatus into account. 

In reply to Mr. Whitehead, I would say that the use of 
tin for a fuse-link material has several drawbacks, 
notably the reduction in rupturing capacity consequent 
on the larger volume of the fuse link and the greater 
amount of metal vapour produced under short-circuit 
conditions, and also the formation of an oxide skin 
which tends to give rise to erratic behaviour on small 
overloads. Exactly how important these effects are 
in small cut-outs has not been precisely ascertained, but 
we are now making tests on the subject. 

Mr. Whitehead desires a comparison between the 
V.D.E. Rules for semi-enclosed cut-outs and the method 
of rating put forward in the paper. In reply I would 
say that this class of cut-out is very little employed 
in Germany. The rules, however, require that the cut- 
out shall blow on 1-8 times the rated carrying current 
in one hour and shall not blow on 1-6 times the rated 
carrying current in the same period.* The information 
for which Mr. Whitehead asks, as to the relation between 
deterioration and percentage of 30-minute blowing current 
carried by a tinned copper wire, has already been given 
in my reply to Mr. Melsom. 

Mr. Wedmore refers to the effect of tolerances on a 
rating specification. I have dealt with this subject in 
my reply to Mr. Melsom and I agree with Mr. Wedmore 
as to the importance of this aspect. I am glad to note 
that he agrees with my contention respecting the pre- 
sence of ‘‘ discontinuity ” effects in existing designs of 
ordinary-duty cut-outs. 

In conclusion I would say that the main objects of the 
paper were threefold, namely :— 


(1) To show that existing British methods of rating 
are unsatisfactory. 
(2) To show that, using existing designs of semi- 
enclosed cut-outs and tinned copper fuse links, 
* Vorschriftenbuch des V.D.E., 1928, p. 551, par. 50. 


it is impossible to comply with the existing 
requirements as to rating in the I.E.E. Regula- 
tions, if due regard is paid to deterioration of 
the fuse link in service. 

(3) To put forward a revised basis of rating, and to 
provide the experimental data required to make 
this method applicable to existing designs or 
ordinary duty cut-outs employing tinned copper 
fuse links. 


No evidence has arisen in the discussion which in any 
way modifies these contentions, so that the objects of 
the paper may fairly be said to have been achieved. 
The question next arises as to what course is indicated 
with reference to rating regulations. In this respect the 
discussion on the paper brings to light a most important 
feature, namely, that there is yet no common agreement 
as to the protective requirements which a cut-out should 
fulfil on small overloads, and this in spite of the vast 
numbers of cut-outs annually manufactured and in 
service. 

As already mentioned, the I.E.E. Regulations require 
a cut-out to possess certain overload characteristics based 
on the overload characteristics of the smallest cable 
connected thereto, but the discussion shows that among 
those representing the manufacturers and users there is 
a great divergency of opinion as to the general necessity 
for such requirements. Further, it is considered that 
the overload characteristics of the cut-out should, in 
some instances, be related to those of the apparatus to 
be protected and not always to those of the cable. It is 
clear, therefore, that existing regulations require recon- 
sideration in this respect, and obviously the first step is 
to decide what are the overload requirements desired 
from any given class of cut-out. Probably several 
classes of requirements covering cut-outs for the same 
rated carrying current and voltage, but for different 
classes of service, somewhat as suggested by Messrs. 
Grant and Wilson, will best meet the case, and existing 
regulations should be altered in accordance. Having 
fixed the overload requirements, it will be easy to state 
numerical values for the desirable current limits to be 
employed in the method of rating proposed in the paper. 
If for a test period of 30 minutes these desirable limits 
are closer than 2-0 and 2-6 times the rated carrying 
current, then, clearly, tinned copper fuse links in existing 
designs of semi-enclosed cut-outs will not meet the case 
(assuming that the requirements of rupturing capacity 
are met by this class), and it will be necessary to follow 
one of the two following courses, viz.:— 


(a) To employ a fuse link of different material and 
construction. 

(b) To employ a cut-out of a different type, such as 
the filled cartridge fuse. 


I should perhaps add that the above reply expresses 
only my personal view on the several issues raised. 
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SUMMARY. 


In most problems on antenna systems the field at any 
point is assumed to be one or other of the so-called induction 
and radiation fields. Actually it is a combination of the two 
and in some cases the “static ” electric field has to be con- 
sidered. All antenna systems are designed to give a specific 
radiation field in certain directions. It would simplify 
problems connected with antenna systems and, in particular, 
beam systems, if the total field at any point in space were 
expressed in the form of a radiation field. In order to take 
account of the apparent change in type of field as we recede 
from the antennz, the equation for such a field must contain 
two variable factors depending on the distance. One of these 
governs the phase and the other the amplitude of the total 
field. In this paper these factors are calculated and curves 
are plotted giving their values for different distances. The 
best position for a reflector is then considered and it is found 
not necessarily to be at a 4 wave-length behind the trans- 
mitter, as is commonly supposed. 

The method of calculating from the curves the required 
positions of antennz in a system for any given purpose is 
shown. Two specific cases are considered. One corresponds 
to the parabolic reflector and the other to the linear curtain 
system. It is shown that the envelope of the reflecting 
antenne when these are tuned is not quite a parabola. Ina 
beam system with a linear antenna array, itis found that good 
conditions are obtainable if the transmitting antenne are 
spaced 0-72 wave-length apart and the reflector is in line 
} wave-length behind, with the individual antenne midway 
between the two corresponding antennze of the transmitter. 

The experimental results of Tatarinoff appear to confirm 
the theoretical results obtained. 


(1) EQUIVALENT DISTANCE AND AMPLITUDE 
FACTORS. 


In problems on antenna systems it is often assumed 
that the field at any point is wholly the so-called “‘ radia- 
tion” or “induction” field. This idea has arisen 
because one term in Hertz’s equations for the total field 
is, at small distances, large compared with the others, 
while at larger distances another term predominates. 
At intermediate distances (roughly between 0-1A and 
0-5A) neither term can be used alone to represent the 
total field. When the electric field is considered, there 
is a third term which is usually given the unsatisfactory 
name of “‘static’’ field and is commonly neglected. 
This matter, although known, has not been given due 
consideration. 

* The Papers Committee invite written communications (with a view to 

ublication in the Journal if approved by the Committee) on papers published 
E the Journal without being read at a meeting. Communications should reach 


the Secretary of the Institution not later than one month after publication of 
the paper to which they relate. 


The separation of the total field into these separate 
entities is highly artificial and tends to distort one's view 
of the main problem. It is here suggested that the 
formule can be simplified, for practical convenience, by 
assuming the field at all points to be of the form of the 
“radiation ” field and applying to the amplitude and 
phase certain variable factors dependent on the distance. 
These variable factors can readily be calculated or, more 
simply, read off a graph. It is to be understood in the 
following analysis that, unless otherwise stated, the 
“ field ” at any point means the total field at that point. 

Consider, at the origin, an elementary current flowing 
in the direction 9 = 0. For the point P (Fig. 1), having 


Fic. 1. 


polar co-ordinates (r, 0, $), Hertz’s equations for the 
electric and magnetic fields due to any sinusoidal compo- 
nent f(t) of the current may be written in the form— 


H,=Hy=E¿=0 .. . . (1) 


po] 
Y O 


merlo] o 


where f’ is the differential coefficient of f with respect to 
its argument, w/(27) is the frequency of f, and c is the 
velocity of light. 1t may be noted that the field from 
any form of current may be obtained by decomposing 


* Itshould be noted that,as is usual, Egis the field in the direction of increasing 
value of 0. On the ground (0 = im) Eo is vertically downwards and not vertically 
upwards as often depicted in practice. 
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the current into its harmonic components and adding 
the fields due to each. 
Equation (2) consists of the sum of two terms 


a E (6) 


These represent respectively the so-called induction and 
radiation fields. ln order to reduce the whole of equa- 
tion (2) to a form similar to that of a ‘‘ radiation field,” 
as given by equation (6), it must be written as 


and 


Hy = 96 29 (1 — $) Am 


where gy and sẹ are functions of r. q will govern the 
amplitude of H4, while sẹ will govern its phase. q¿may 
conveniently be called the “ amplitude factor” and s, 
the “ equivalent distance.” This latter term is suitable, 
as sg is the distance at which the “ radiation ” part of the 
field (equation 6) has the same phase as the total field H 
has at the actual distance r. 


Equivalent —Actual distances 
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Equation (2) can be written in the form 


sin 0/1 j r 
y= =- (t-57). o (8 
: c wr f c (8) 
wherej = y ( — 1). 

In order that equations (7) and (8) should be equiva- 
lent, we must have 


A A 
sp— r = = arctan (z=) js apt a (8) 


qo = VIL + A (40?r?) J . 


where A is 27rc/w. 

Similarly, in the case of the tangential component of 
the electric field jt is required to transform equation (3) 
into the form 


and . (10) 


= sin 6 P Ye 
Bs = po 1 (1%) e © & œ (11) 
For this purpose we must have 
_A 2rr/A 
a = T = TE tan an] . (12) 


po = Y [1 — MJ(4r2) + M/(1677%r%)) . (13) 


and 


T A > 


Equation (4) should be transformed into the equation 


0 
E, = Ppa re). - (14) 
A À Inr 
so that Tr— r= z T tan E). - (16) 
A x2 
and Pr = ae (1 + =) . . (16) 


1t will beseen below that there are cases in which an 
ambiguity arises when the above equations are used. 
To find which solution is the one required it may be 
necessary to draw vector diagrams. When this is done, 
it should be remembered that the equations make the 
field lead the current by $7 when the equivalent distance 
is made equal to zero. 

The difference between the equivalent and the actual 
distance is shown plotted against the actual distance in 
Fig. 2. Curves A, B and C refer to (8, — r), (re — r) 
and (r,— r) respectively. The amplitude factors are 
shown in Fig. 3. It will be noticed that in the equation 
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for E, a term cos O appears instead of sin @ as in the 
other equations. From curves A and B of Fig. 2 we 
see that the magnetic and tangential electric fields are 
not in phase at small distances. They are very nearly 
in phase at distances greater than 0-7A, although their 
equivalent distances remain slightly greater than their 
actual distances. 


(2) REFLECTOR ELEMENT. 


The best position for a reflector can readily be calcu- 
lated from Figs. 2 and 3. We shall consider first a small 
element of a reflector which is not necessarily tuned to the 
frequency of the transmitter. Suppose it is subjected 
to an electric field E, and that, at the frequency of E, 
the element has a resistance R and a reactance X. 
The current J in it will be such that 


E = I(R + jZ). 
The current in the reflector therefore lags on the incident 
electric field by the angle 

arc tan (X/R) . (17) 
This angle can be varied from — 4a to + $a by altering 


the reactance of the reflector circuit, becoming zero when 
the circuit is tuned. Now, the field from any antenna 
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depends solely on its conduction current J, so that the 
phase of the re-radiated field produced by an incident 
field is controlled by the reactance of the reflector 
circuit. 

The main purpose of a reflector may be two-fold. It 
may be required to increase the radiation in one direc- 
tion or to decrease it in another. In the former case the 
field due to the transmitter and the re-radiated field from 
the reflector would be substantially in phase in the 
direction required for maximum radiation. If, however, 
minimum radiation in a certain direction is required, the 
two fields should be in opposite phase in this direction. 
An ideal reflector would fulfil both requirements by 
increasing the radiation in one direction and suppressing 
it to a maximum extent in another. It has been pointed 
out in the paper entitled ‘‘ General Considerations of the 
Directivity of Beam Systems,” * by one of the authors, 
that the two conditions for maximum radiation in one 
direction and minimum in another can only be satisfied 
simultaneously if the reflector is at a definite distance 
and position relative to the transmitter. 

A symmetrical array of antennz is often designed to 
give a polar diagram having one main loop in a definite 
direction. From symmetry there will be a similar loop 
on the opposite side of the axis of symmetry. The object 
of a reflector is to increase one of the main loops and to 
diminish the other. An ideal reflector for this purpose 
would reduce the maximum of one of these loops to zero 
and, at the same time, double the other. Such a reflector 
can be said to be ideal because, if the secondary loops of 
the polar diagram are negligible compared with the main 
loops, the directive efficiency would thereby be increased 
to a maximum extent. 

These conditions can only be satisfied if the reflector 
is at a definite distance and position relative to the 
transmitter end carries a current of proper phase with 
respect to that in the transmitter. The current in the 
_reflector must also effectively be equal to that in the 
transmitting antenna. In order that the currents in 
the two systems may have the proper phase relation the 


reflector may require to be distuned. Such distuning | 


may make it impossible to obtain the correct current 
amplitude in the reflector. The ideal reflector, therefore, 
may not be possible in practice, in which case the best 
position of the reflector need not be the same as that for 
the ideal reflector; by bringing the reflector nearer to the 
transmitting antenna its current will increase but its 
phase will be incorrect. The resultant field in the 
required direction, however, may have increased. In 


any particular case the best position for a reflector 


depends on the conditions required. Therelative import- 
ance of having maximum directive efficiency or mini- 
mum radiation in a definite direction must be carefully 
analysed. It is not possible to consider all possible cases 
which may arise in practice. For instance, if secondary 
loops are negligible, maximum directive efficiency will 
be obtained when the ratio of the fields of the reflector 
and the transmitter is a maximum. In order to show 
the method of procedure in any particular case, we shall 
now consider a few special cases in which the phase 
relations of the fields from the transmitter and reflector 
are the most important of the conditions required. 


* See page 955, 
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Consider two antenne A and B distant r apart, B 
having current induced in it by the field incident on it 
from A. Suppose that the re-radiated field from B is 
required to be in phase with that from A at great dis- 
tances in the direction BA. We shall assume that the 
only action of A on B is due to the tangential electric 
field. It will be shown below that the error due to this 
assumption is very small. 

Let f(é) be the current in A. From equations (11) 
and (17) we find that the current in B lags behind the 
current in A by the angle 


pea > + arc tan (=) 


- . (18) 


That is, 


2rrr JÀ Ar X 
i g t arctan (5) 


In order that the fields due to these currents should be 
in phase in the direction BA, the current in B must lead 
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the current in A by the angle wr/c. Hence we obtain 
the relation 


= 4arr XL 4A (r/A)?— 1 
y = tan g + arc tan 6) = A 


The solution of this gives an ambiguous result, since 
the angle 7r can be added to or subtracted from the angle 
of the tangent on the left-hand side of the equation. A 
change of v in this angle, however, represents a reversal 
of the current in one of the antenne. Evidently only 
alternate roots will satisfy the required conditions. The 
ambiguity can be removed in any particular case by 
drawing a vector diagram. 

In Fig. 4 are plotted the curves for the left-hand and 
right-hand sides of equation (19), the solution of which 
is given by the points in which they intersect. The 
left-hand side consists of a family of curves having 
arctan (X/R) as parameter. The full-line curves are 


those corresponding to a tuned reflector [that is, 


arc tan (X/R) = o], while the dotted lines are drawn for 
the limiting cases when arc tan (X/R) is — jr and + $7. 


. (19) 
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Any roots within the shaded portions of the figure 
would give values of r/A such that the radiations oppose 
each other along BA. Any points of intersection within 
the non-shaded areas, however, will give values of r/A 
such that the radiations will add along BA. Whether 
the reactance of the reflector must be capacitative or 
inductive is indicated in the figure. 

In practice, the reflector is required to be as near the 
transmitter as possible, so that only small values of r/A 
are required. The curve for small values of r/A is drawn 
on a larger scale in Fig. 5. j 
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Values of 


If the reflector is tuned to the radiation from A, X is 
zero and the required distance that B must be placed 
behind A so that the radiations may add in the direction 
BA is 0-33À. X is negative when B is tuned to a higher 
frequency than that of the radiation from A. This 
requires the distance BA to be greater than 0-33A. In the 
limit, when B acts asa pure capacity the distance should 
be 0'474. n the same way the greater the inductive re- 
actance of B the nearer to A it must be brought in order 
that the two fields may be in phase in the direction BA. 
The above solutions do not necessarily give the conditions 
for maximum radiation in the direction BA. Thus, if B 
is tuned the current in B may increase when it is brought 
nearer to A than 0:334, and the radiation along BA may 
also increase although the fields from A and B are no 
longer in phase in the required direction. In order to find 
the position for maximum radiation in the direction BA, 
it is necessary to know the resistance of the reflector and 
the effect of the latter’s reaction on the source. If the 
latter effect is negligible, the optimum case can be 
calculated by making use of the equivalent distances and 
amplitude factors given in Figs. 2 and 3. Given the 
necessary data, it is possible to calculate the position and 
the amount of distuning required to give maximum 
radiation in the desired direction. 
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Up to the present it has always been assumed that a 
reflector should be placed } wave-length behind the 
transmitter. This idea no doubt arises from the fact 
that this is the only position of the reflector for which the 
radiations can be in phase along BA and in opposite 
phase along AB. This can be seen from the following. 

Suppose the current in the reflector B is leading the 
current in the transmitter A by the angle a and that the 
distance AB is d. In order that the fields from A and B 
may be in phase in the direction BA and in opposite 
phase in the direction AB we must have 


a 30 and at am 


Hence d must be 4A. In order to obtain the correct 
value of a for this distance the reflector should not be 
tuned to the radiation from A. From expression (18) 
and the value of r, in Fig. 2, it will be found that the 
conditions are satisfied when X/R = 0-9 (the reflector 
acting as an inductance). If, with this arrangement, the 
resistance of the reflector is such that its current is equal 
to that in the transmitter, the best directive efficiency of 
the system AB has been obtained. Unless this is the 
case, however, other arrangements which give better 
results will probably be found, but in order to calculate 
them it is necessary to know the resistance of the reflec- 
tor and, in some cases, the effect of the re-radiation from 
the reflector on the current in the transmitter. 


AP 


A very important case, when the question of interfer- 
ence with other stations is of special weight, is the condi- 
tion for which the radiations from the transmitter A and 
the reflector B are in opposite phase in the direction AB. 

For this condition, equation (18) must be equal to 
(wr/c) — zr, and the solution of the resulting equation can 
readily be found from Figs. 5 and 6 for any desired 
value of r/A, since the equation reduces to 

X  4n%(r/A)? — 1 


R Qarr]A 


A horizontal line having its ordinate equal to X/R will 
cut the curve A at a point which is the required solution. 
When X is zero it will be seen that r is equal to 0-16A. 
By exactly similar arguments as those used above when 
considering the method for obtaining maximum radiation 
in the direction BA, the solution given by equation (20) 
will not necessarily be the best for obtaining minimum 
radiation in the direction AB. 


- . (20) 


(3) ANTENNA ARRAYS, 


The next problem is the calculation of an arrangement | 
of antennze which will produce radiation in a certain 


direction. A simple method of procedure is to invert 


' 
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the problem and consider radiation arriving from the 
desired direction. The phase relations of the currents 
in the individual antenne from such radiation can easily 
be calculated. If the antenne are now excited so as to 
carry currents having these calculated phase relations, 
the radiations from all of them will be in phase in the 
required direction. If the antennz of the array are close 
together their mutual reactions must be taken into 
account. This problem is not so laborious as it may 
appear, for in calculating the effect of reaction on an 
antenna only those antennæ in the immediate neigh- 
bourhood need be considered. It is worthy of note that 
all the antennz of a system need not be excited directly 
from the source. It is possible to excite some in the 
proper phase by the field from the others. There are 
many such problems, most of which can be solved by 
making use of the curves in Figs. 2 and 3. 


Two cases of general interest will be considered here. 
The first is the system which should be used when only 
one antenna is directly excited by the source, the others 
being excited by the field from it. 

Let O, Fig. 6, be the antenna excited directly from the 
source and P any one of the others. Consider radiation 
incident on the system in the direction of the arrow. 
The problem reduces to that of finding the position of P 
such that the re-radiation from it at the point O is in 
phase with the primary field. Then, when the system 
acts as a transmitter the radiations from all its parts will 
be in phase in the required direction (opposite to that of 
the arrow). 

From equations (11) and (17) the above condition can 
be written 


2 X 
Z- = = are tañ (5) = Za = Qn. (21) 


where r is OP, re the equivalent distance of r, and n is 
any integer. 


This equation is not a parabola when X/R is constant, 
as ris not equaltor. The curves given by equation (19) 
have been calculated for two values of X/R and are 
shown in Fig. 7. Curve A corresponds to the tuned 
antenne (X = 0). The apex of this curve is 0-33A 
behind the primary antenna which is situated at O. 
Curve B is calculated for such a value of X/R, viz. 0:9, 
that the apex is 0-25A behind O. The true parabola 
with latus rectum A, which is usually assumed to the best 
array for such a system, is shown dotted by curve C. 

The second case which will be considered is that of a 
linear array of antenne with a similar reflector. Part of 
such a system is shown in Fig. 8. A and B are two 
antenne excited directly from the source, while C is one 
of the antenne of the reflector. Such a linear beam 
system is usually required to produce radiation perpen- 
dicular to the line of primary antenne. In order to 
obtain this from the system shown in Fig. 8, the currents 
in A and B must be in phase. It is an advantage if the 
mutual reactions of A and B help the direct excitation. 
In that case the distance between A and B can be 
obtained from the curves in Fig. 2 and is found to be 
0-722. 

It has been shown above that if the reflector C, which 
we shall assume to be excited by the radiation from A 
and B, is to neutralize the field of A and B in one direction 
and help it in another, it must be in a line parallel to AB 
and at a distance }A from it. If C is tuned to the fre- 
quency of the radiation from A and B it can readily be 
shown that it must be at a distance 0-44A from A and B. 
It happens that if C is placed, as shown in Fig. 8, in the 
mid-plane between A and B, the distances CA and CB 
are very nearly equal to 0-444. Hence, if the reflecting 
system is designed under these conditions it will carry 


A+ —— — 072A — — — +8 


current of the correct phase to neutralize the primary 
field in one direction and help it in the other. 

Rigidly, one should consider the effect of all the 
antennz in the system, but, since the field dies off fairly 
rapidly with the distance, the approximation made by 
taking only those antennz in the immediate neighbour- 
hood of that under consideration should be sufficient for 
practical purposes. 


(4) COMPLETE ANTENNEZ. 


The above analysis is only rigidly true when the 
antennz are small compared with the wave-length and 
are perpendicular to the line joining them. We shall 
now investigate whether this is a sufficiently good 
approximation for practical cases. 

Consider the field at a point D, Fig. 9, due to an 
antenna OB. The distance d of D from OB is taken as 
0-33A. Let the current in OB be uniform. This condi- 
tion is not practicable, but the assumption does not affect 
the general result of the following analysis. 
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An element P of OB produces an e.m.f. at D in the 
antenna AD equal to Epsin 0 — H,cos 0. From the 
curves of Figs. 2 and 3 it is possible to calculate the 
amplitudes and phases of Ej and E,. The component 
of the field at D due to any point P in OB in phase with 
the field from an element at O is shown in curve A, 


B A 
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Fig. 10. The component in quadrature with this is 
given in curve B. The fields at D due to the total 
antenna, which are in phase and in quadrature with that 
due to the element at O, are proportional to the areas 
which these curves enclose with the (h/A) axis. It will be 


Amplitude 


seen that the quadrature component is very small 
compared with the in-phase component, so that the 
error incurred in calculating the phase relation by 
assuming that the aerial OB can be replaced by an ele- 
ment at O is negligible for practical purposes. 

Curve A is very nearly the same as the curve obtained 
by plotting sin? Y against h/A. This curve is shown by 
the dotted line Cin Fig. 10. Toa fairly close approxima- 
tion, therefore, we can calculate the electric intensity at 


any point D due to any distribution of current F(h) 
in the antenna OB by calculating 


SF (h) sin3 O dh 
taken between suitable limits. Hence, the electric 
intensity at D due to a current F(h) in OB is given by 
SF (h) sin? 0 dh ( To 
ed 
where r, is the equivalent distance of d for the tangential 
electric component. 
(5) EXPERIMENTAL CONFIRMATION, 


Tatarinoff * has carried out an experimental investiga- 
tion on the above subject. He has measured the phase 
angle y between the incident electric field on an antenna 
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and the re-radiated field. His experimental results and 
those obtained theoretically by the authors are shown in 
Fig. 11. The two curves are not identical, but, from 
rough experiments made by the authors, there appeared 
to be great difficulties in obtaining accurate experimental 
results at the frequencies (about 150 megacycles) used 
by Tatarinoft.j The results, however, agreed substan- 
tially with those of Tatarinoff. It will be noticed that 
the two curves do not agree when ris zero. This appears 
to be due to the fact that Tatarinoff did not obtain 
experimental results for distances. less than ¿A and that 
when r was zero he assumed the angle y; from theoretical 
considerations, in which, apparently, he neglected the 
“* static ” electric field, an error that appears to be 
fairly common. | 

This work was carried out as part of the programme of 
the Radio Research Board, and is published by permission 
of the Department of Scientific and ruin Research. 


* Zeitschrift far Hochfrequenstechnih, 1926, vol. 28, p.1 
t The full line curve shown in Fig. llisa copy of that published by TatarinofÍ. 
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GENERAL CONSIDERATIONS OF THE DIRECTIVITY OF BEAM SYSTEMS.* 


By Raymonp M. WILMOTTE, B.A., Associate Member. 


[From the National Physical Laboratory.] 
(Paper first received 28th February, and in final form 23rd July, 1928.) 


SUMMARY. 


After introducing the terms “ directive efficiency ” and 
“ sharpness of directivity,” the author considers the general 
conditions for obtaining good sharpness of directivity in a 
beam system. 

Supposing that the field strength is required to vary 
rapidly for angular displacements in a certain plane in the 
neighbourhood of a certain direction, it is found that the 
antenna system should be spread in the plane under consi- 
deration and in a line perpendicular to the direction of 
maximum radiation. When a plane reflector is used the 
system should lie in a line which is not quite perpendicular to 
the direction required, in order to obtain optimum results. 

If the antenna system is to hold within a fixed volume, one 
side of the volume should be as large as possible. At the 
same time a certain relation should hold between the lengths 
of the sides and the direction in which radiation is required. 

It will be evident that, since in a parabola the antenne 
do not lie in a straight line, the parabolic system is not, for 
given overall dimensions, the best arrangement for obtaining 
good sharpness of directivity. 

A good reflector should be at a definite distance from the 
transmitter in order that the phase of the radiation fields 
from the reflector and transmitter respectively may be zero 
in one direction and 180° in the other.. Even when this 
obtains, the reflector will act in this way for only one direction. 
For instance, a reflector adjusted to neutralize the radiation 
in a certain direction in the horizontal plane will not do so 
in any other direction or in any other plane. 

A method using an inclined antenna system and reflector 
for the purpose of obtaining maximum sharpness of directivity 
at any angle to the vertical is described. 

Finally, the question of excitation is very briefly considered, 
and it is suggested that antenne not directly connected to 
the source may be used. A possible improvement on the 
Franklin antenna is also described. 


(1) INTRODUCTION. 


There are two quantities of importance in connection 
with directive antenna systems; both are commonly 
termed directivity. The ambiguity has arisen on a 
mumber of occasions in discussions and it was sug- 
gested that a definite name should be attached to the 
two meanings. 

According to one of the meanings, directivity implies 
a quantity which is a measure of the field strength in 
one direction compared with the total field strength in 
all other directions. Since the integral of the field 
strength in all other directions to the one required is 
merely wasted radiation, the term “‘ directive efficiency ”’ 
is suggested. This can be rigorously defined as the 


* The Papers Committee invite written communications (with a view to 
ublication in the Journal if approved by the Committee) on papers published 
E the Journal without being read at a meeting. Communications should reach 
the Secretary of the Institution not later than one month after publication of 
the paper to which they relate. 


ratio of the square of the field strength in the required 
direction at a distance r from the transmitter, to the 
integral of the square of the field strength taken over 
a sphere of radius r, where 7 is large compared with the 
wave-length and the dimensions of the antenna system. 

The square is taken in order to simplify calculations, 
for the integral of the square of the field strength will be 
proportional to the radiation resistance. 

This definition can be further split up into two, 
since sometimes the radiation is required to lie mainly 
in a single linear direction and sometimes to lie mainly 
in a plane (usually vertical). In the case of the former 
the term might be called “linear directive efficiency,” 
when the integral is taken over a whole sphere, while 
in the latter case, which may be termed “ plane 
directive efficiency,” the integral is taken over a circle 
lying in a plane perpendicular to the plane of the radia- 
tion and containing the direction in which the radiation 
is required. 

The other meaning of directivity is a quantity which 
is a measure of the change of signal strength caused by 
a small angular displacement. This quantity may 
conveniently be called ‘‘ sharpness of directivity.” 

As in the case of directive efficiency so with sharpness 
of directivity, there are two important applications 
of the term. According to one meaning, ‘‘ sharpness of 
directivity ’’ should be a measure of the change of 
field strength for a small angular displacement in a 
given plane, and might be termed “ plane sharpness of 
directivity.” According to the second meaning, the 
term should be a measure of the change of field strength 
for a small angular displacement in all directions about 
a given line, and may conveniently be termed “linear 
sharpness of directivity.” 

The necessity for these two definitions will be realized 
by considering the problems of the design of an antenna 
system for transmission, It may be required to transmit 
the radiation mainly within two vertical planes making 
an angle with each other, or within a small solid angle 
having as axis a line which is not necessarily horizontal, 
For the former it is the plane sharpness of directivity 
which must be large, while for the latter it is the linear, 

The plane sharpness of directivity is useful also as a 
measure of the sensitiveness of direction-finding appara- 
tus and radio beacons. The term can be defined as 
follows: If 5H is the change of field strength for a small 
angular displacement 5@ in a given plane, and E, the 
maximum field strength in that plane, then the plane 
sharpness of directivity, kp, is given by . 
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The linear sharpness of directivity, kı, is conveniently 
defined from this as the integral of the plane sharpness of 
directivity for all planes cutting each other in the given 
line. Thus, taking one plane as original, let k, be the 
plane sharpness of directivity in another plane making 
an angle Y with the original. We then have 


ly = | yap 
0 


It is not always sufficient to take the differential 
coefficient of E with respect to 0 for 6H/58. We can 
take it that in directions for which dE/d@ is zero, the 
sharpness of directivity is small compared with that in 
other directions, but in order to compare the sharpness 
of directivity in directions where dH/d@ is zero, it is 
necessary to consider second-orderterms. The following 
analysis is an example of this. 


(2) PLANE SHARPNESS OF DIRECTIVITY IN DIRECTION 
OF Maximum RADIATION. 


In order to obtain good directive properties, an 
antenna system should have dimensions greater than or 
comparable with the wave-length, except in certain 
cases. These exceptions are to be found when the 
radiation from the various parts of the system are not 
in phase, and especially when these radiations are 
nearly opposing one another. If two portions of a 
system produce radiations which are very nearly oppo- 
site in phase except for a small angle 8, and the distance 
between them is greater than or comparable with the 
distance which corresponds to the angle 8, namely 
BA/2z, then such a system will possess good directive 
properties. Such properties will be as good as those 
obtainable with an ordinary system, in which the radia- 
tions from the various parts are in phase and extend 
over a distance which is greater than or comparable with 
the wave-length A. 

Good directive properties are obtainable with systems 
which are small compared with the wave-length, but in 
that case the radiated field is weak, being the resultant 
of two or more sensibly equal and opposing quantities. 

For instance, a coil possesses directional properties 
because the phase difference of the radiation produced 
by opposite sides is equal to the distance between them. 
For this reason also, the radiation from a coil of small 
dimensions compared with the wave-length is compara- 
tively weak. If the distance between two sides of a 
coil is d, the phase difference between the radiations 
from the two sides is m — (2/rd/A). The directive 
properties could be improved, at the expense of the 
Signal strength, if the phase of the currents in the 
opposite sides of the coil were adjusted to be nearly 
equal to m — (27rd/A). 

This general statement will be evident when it is 
realized that directive effects are obtained by the dif- 
ference in phase of the radiation from the various portions 
of the antenna. A maximum will be obtained when the 
radiations are in phase, and a minimum when the phases 
are in opposition. 

This may be made clearer by considering two parts, 
A and B (Fig. 1), of an antenna system. There are 
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supposed to be portions into which the system can be 
roughly divided. In order to obtain a maximum in 
the direction OP, say, the radiation fields due to the 
portions A and B must be in phase. If, moreover, it is 
required that the plane directivity be sharp, the phase 
difference between the radiation fields must vary 
rapidly for directions in the neighbourhood of OP. 

Now, for distant points, this phase difference y is 
readily seen to be given by 


y = sin 0 cos $ ll HA 


where = is the distance between A and B, while O and $ 
are the polar directions of OP. 

1f A and B are similar, so that they individually 
have the same polar diagram, we can write for the 


Fie. 1. 


resultant field strength E, in any direction a, say, in a 
given plane 


ES = 2E*(1 + cos y) 


where E is the field due to A and B separately and y is 
the phase angle between them. 


Hence 
2E . òE = 4E(1 + cos y)b# — 2E? sin y . dy 
+ 2(1 + cos y) (E)? + . . . — 2E sin y . òE . dy 
— 2E cos y(ðy)? +... . «© . . (2) 


If the direction f gives maximum radiation, the 
phases of the radiation from A and B have been adjusted 
to coincide, that is y = 0, hence 


Eo. Eo = 4E .8E + 2(8E)? +... — B(by)*? +... (3) 


If the sharpness of directivity is k, we have from the 
definition given in the last section, if we can neglect 
E/E compared with (dy)?, 


t= (Z) ba . « (4) 


When the antenne consist of straight wires perpen- 
dicular to the main direction of propagation, as will be 
the usual case in order to obtain greater signal strength, 
E does not vary with the direction, so that dE is zero 
and the results given here are absolutely applicable. 
When each of the antenne A and B has directive pro- 
perties in the plane considered, the full equation (3) will 
have to be applied. When the conditions are such that 
it can be used, equation (4) shows that the greatest 
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value for the plane sharpness of directivity is obtained 
when (dy/5a) is a maximum. 
By differentiating equation (1) we obtain 


Sy = “(cos 8 cos $ . 80 — sin 8 sin $ 84) . (5) 


This equation gives the rate of change of phase dif- 
ference in either horizontal or vertical planes through P. 
To obtain this in a plane MNP which includes OP and 
cuts the horizontal plane through O in a line perpen- 
dicular to OP, we must insert a variable a instead of $ 
such that da is the angle which a line in the plane 
MNP makes with OP. In this case it can be shown that 


dy = “= (cos 0 cos ġ . òd —singd.da) . (6) 


Equation (3) gives the rate of change of the phase 
difference in either the plane MNP or the vertical 
plane through P. This transformation has been made 
because it is more normal to consider directivity in 
Planes through the origin than in horizontal planes. . 

From equations (4), (5) and (6) we have, for the 
plane sharpness of directivity in horizontal planes, 


Mr? 
ky = AZ 


sin? ĝ sin? d.d . . . (7) 
for the plane sharpness of directivity in vertical planes, 
21722 

E cos? 0 cos?4.589 . . . (8) 


ko = 


and for the plane sharpness of directivity in the plane 
MNP, 

27792? 
rx 


From these equations the following interesting 
results can be deduced regarding the sharpness of 
directivity in the direction of maximum radiation :— 


ka = 


sintd.da. . . . (9) 


(2) In any direction the plane sharpness of directivity 
is greater, the greater the ratio of the distance 
> - between A and B and the wave-length (i.e. the 
greater x/A). 
(5) The plane sharpness of directivity in any plane is 
greatest in the direction of maximum radiation 
when this direction is perpendicular to AB. 


If A, and B, are two parts of an antenna, the above 
deductions will hold for them as for any other two 
parts A, and B,. Considering A, and B, grouped into 
one part called A,B,, the deductions obtained will also 
hold as regards A,B, and A,B, if, as is usual, SE/E is 
small compared with (dy)?. This argument can be 
continued so as to divide the antenna into any desired 
number of parts. 

The necessary condition for this argument to hold is 
that E/E should be small compared with (Sy)? for each 
combination. of pairs of portions of the antenna. It 
might be expected that the combination of one pair 
would produce a system having directive properties, 
and that the above reasoning would therefore fail to 
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apply when this combination is used as a unit in a 
further combination with another similar unit. This 
is generally correct, except in directions of maximum 
intensity of radiation. A transmitting antenna system 
is usually so designed that the radiations from a number 
of similar portions of it are in phase in a certain direc- 
tion. The combination of any two of these portions 
would produce a maximum in the same direction. In 
order to increase the sharpness of directivity, each 
portion may itself possess directive properties, but in 
such a case it is arranged that the maximum radiation 
of each part is in the required direction of transmission. 
The essential point as regards the present investigation 
is that any combination of parts of the antenna system 
in pairs will have a polar diagram with a maximum in 
the same direction as the maximum of the whole 
antenna, that is 5Z/5a will be zero in that direction. 
Now, the more such parts are combined together, the 
greater the sharpness of directivity. A combination 
of any pair of parts will therefore possess a greater 
sharpness of directivity than each individual part. 
Usually, therefore, in the case of transmitting antenna 
systems, for the directions of maximum field intensity 
the sharpness of directivity will be increased by a 
term depending on (dy)? for each combination of pairs 
of parts, and the argument which applies to one pair 
will also apply to the whole antenna. 
We can therefore state the following proposition :— 


With suitable excitation of the various parts of 
an antenna beam system, the best method for 
obtaining plane sharpness of directivity in any plane 
is to spread the antenna system to as great an 
extent as possible in that plane but in a line per- 
pendicular to the direction required. — 


If such an antenna system is used it is evident that 
the current in all parts of it must be in the same phase. 
Thus, although it is possible to obtain a beam at any 
angle to a line of antennz, it is sharpest when the beam 
is perpendicular to that line. 

A parabolic or similar system cannot therefore be 
the best method for obtaining sharp directivity for given 
overall dimensions, since the antennz do not lie wholly 
in a line perpendicular to the required direction. The 
limiting case of the parabola, however, when the focus 
moves to infinity, gives a system of antennz in one line 
perpendicular to the direction of transmission and is 
therefore the best system available for the purpose. 

In a horizontal plane there is no difficulty in spreading 
an antenna system in a direction perpendicular to the 
required direction of radiation, but in a vertical plane 
the mechanical problem is not so simple. C. S. 
Franklin * has used the principle on the present beam 
stations built by the Marconi Company in order to 
obtain plane sharpness of directivity in a vertical plane. 
For this purpose he has built each antenna of the 
horizontal beam system so as to consist of a number of 
half-wave vertical antennz on the top of each other. 
The image in the earth effectively doubles the vertical 
height and thus increases the directive effect in the 
vertical plane. 

The straight-line distribution, which gives the sharpest 

* British Patents Nos. 226246, 242842, 258942 and 263948. 
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directivity, cannot always be adhered to. One of the 
reasons for this is that, although certain conditions 
may give the maximum plane sharpness of directivity 
in a certain direction, these conditions will also show 
directive effects in other directions. For instance, if 
polar diagrams of two antennz A and B spaced a dis- 
tance x apart be drawn, it will be found that when z is 
greater than half a wave-length there are a number of 
directions in which the radiation field reaches a maxi- 
mum. The polar diagram has then two, three or four 
loops. As 2 is increased some of the loops will increase 
in size at the expense of others, while the directions of 
maximum radiation will move round towards a line 
perpendicular to AB, and at the same time the directivity 
becomes sharper. If the process is continued, another 
loop begins to appear, growing gradually in size. 

These results will, in general, apply to any system of 
antenne in a line, so that an antenna system spread 
over n wave-lengths will in general have n loops in each 
quarter of the polar diagram. By special arrangements 
it is possible to make some of these loops zero, or make 
those cutting the boundaries of the quarters form a 
single loop with their neighbours of the next quarter. 

The advantage of reducing the size of these secondary 
loops is two-fold. Firstly, the radiation is less likely 
to interfere with other transmitters and, secondly, the 
radiation resistance, which is a large proportion of the 
total resistance of an antenna «n short waves, is 
reduced, i.e. the directive efficiency is increased. 

Bellini * has shown that all the secondary loops can 
be made very small by adjusting the amplitude of the 
currents in the antennz of a beam system according to 
a definite law. 


(3) EFFECT OF REFLECTOR. 


If the antenna system is sufficiently large compared 
with the wave-length, the secondary loops are normally 
small compared with the main loop, but if the antenne 
lie in one line this main loop will also be present in a 
direction making the same angle with the line of 
antenne but on the other side of it. In order to cancel 
it, a “ reflector ’’ is used. That is, two equal antenne 
systems A and B (Fig. 1) are excited in such a phase 
relation that the radiations from them add in the 
required direction and subtract in the other direction. 
If OP is the required direction, then the phase difference 
of the radiations in that direction must be zero and it 
must be 7 in the opposite direction, that is 


B — E sin f cos $ = 2nm . ~ . (10) 
and B + sin O cos $ = (2m + 1) - (11) 


where f is the phase difference between the current in 
A and that in B at any instant, and n and m are integers. 
These equations reduce to 


B = frn(2m + 1) . . . . 
A(2n’ + 1) 
= 27 sin Ó cos $ . . e (13) 


» “The Possibility of Sharp Directive Wireless Telegraphy,’’ Elecirician, 
1914, vol. 74, p. 358, and L’Onde Electrique, 1926, vol. 5, p. 475. 


(12) 


and 


If the amplitudes in A and B are equal, these condi- 
tions are essential in order that the total radiation in 
the direction OP may be the maximum obtainable and 
zero in the other direction. When the reflector system 
is excited by induction from the antenna system this 
condition can only be obtained by detuning the 
reflector, as is explained in the paper on “* Phase Rela- 
tions in Beam Systems,” * by J. S. McPetrie and the 
present author. 

It may be noted that the reflector will only act 
properly for one direction. That is, the radiations will 
add in the direction (0, $) and will subtract in the direc- 
tion (0, — ¢) only for acertain value of 0 and $, but will 
not do so for any other value. For instance, a beam 
system consisting of a straight-line antenna system and 
a reflector will transmit most of its energy within a small 
horizontal angle. In the horizontal plane the radiation 
will occur mainly in one direction, while at an angle to 
the vertical there will be radiation backwards as well as 
forwards, the strength of these radiations becoming 
more nearly equal as the angle to the vertical decreases. 

When a reflector is used, the best direction for sharp 
directivity is no longer perpendicular to the line of 
antennz but at an angle to this, depending on the size 
of the antenna system and the distance of the reflector. 

The rate of change of the phase difference of two 
antenne A and B in the direction OP is given by 


dyz = “= (cos 8 cos $ .dð — sinġ .da) (14)t 


If there are two other antennæ, representing the 
reflector at a distance y along the Y-axis from A and B 
respectively, then the change in the phase difference of 
the two systems AB and CD is given by 


dyy = (cos 8 sin $. dO + sin 8 cos $ . de) (15) 


The total radiation will be the product of the radiation 
from A and B and that from AB and CD, so that we 
may write the total change in the phase difference as 


dy = Tie cos 9 cos ġ — y cos O sin p)d0 
— (xsin $ + y cos ¢)da} - (16) 


Maximum plane sharpness of directivity is obtainable 
in the plane MNP when (x sin $ + y cos ¢) isa maximum. 
This occurs when 


tand=- ..... (17) 
y 

Since y is usually small compared with x, the best 
direction is not far removed from the simple case 
without a reflector, which gives as the best direction 
that perpendicular to the line of antennz. In fact the 
advantage obtainable by making ¢ = arc tan (2/y) 
instead of ¿4 is small, for the sharpness of directivity 
varies slowly close to the best direction. 


(4) LINEAR SHARPNESS OF DIRECTIVITY IN THE DIREC- 
TION OF MAXIMUM RADIATION. 
It has been shown in section (3) above that, for 
beam systems, in the direction of maximum radiation 
* See page 949. $ See equation (6). 
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the plane sharpness of directivity depends on the change 
of phase angle dy of the radiations from two main 
portions of the antenna system. In fact, if ĝa is the 
small angular displacement in a plane producing the 


change dy, then 
_ js /8y\2 


The argument has also been shown to hold generally 
for a complete antenna system consisting of a number 
of similar elements, as is the case in a beam system. 

Now consider such an antenna system spread over a 
distance x along the X-axis (Fig. 2). Following the 
argument used above, in the direction OP (0, $), yz is 
given by 


(18) 


Yg = = sin O cos $ (19) 


If this antenna system is now multiplied and similar 


ES Direction of 


radiation 


perpendicular 
to direction 
of radiation 


plane 


Line in horizontal 


Line in plane 1 to OP plane perpendicular 
to OP 


: ith 
making ane 
Fic. 2. 
Co-ordinates of P = 7, 0, $. 
» n Q=r,0’, p. 
systems parallel to the first are spread over a distance y 
along the Y-axis, we may write 
yy = = sin 6 sin $ (20) 
Similarly, the system obtained can be multiplied and 
spread over a distance 2 along the Z-axis, and we have 


chido cos Y 
ae 

The total radiation will be the product of the radia- 
tion from the combinations of the multiplying process, so 
that the phase differences may be added. We may 
therefore write for the total phase difference 


(21) 


y = Fle sin O cos $ + y sin O sin $ + z cos 0) . (22) 


The variables of this equation must be transformed to 
variables corresponding to co-ordinates with respect to 
any plane such as RPS (Fig. 2). OP is the direction 


of maximum radiation, MPN is the plane which cuts 
the horizontal plane in a line perpendicular to OP, and 
RPS is any plane containing OP and making an angle 
Y with the plane MPN. 

The co-ordinates of a point Q on the plane RPS such 
that OQ makes an angle a with OP are (r, a, Y) with 
respect to the axes ON and OP. Let them be (r, 6’, $’) 
with respect to the axes OX and OZ; then the following 
system can be used to transform the co-ordinates, where 
the expressions refer to the cosines of the angles between 
the axes. 


X=rcos¢’siné’ | Y=rsind’siné’ | Z—rcosé’ 
x = r cos y sin a sing | — cosg 0 
y=rsingsina | cos@cosd | cos@sing |—sin0 : 
z2=rcosa sin Î cos ġ | sin @sing cos 9 
From this we obtain, when a = 0, 
cos Y. da = — sin 0 . dẹ’ (23) 
and sin Y. da = dQ’ . (24) 


Differentiating equation (22) and substituting the 
values from equations (23) and (24), we have 


A Xo {(acos + y sin ġ) cos Ó — zsin O siny 


a + (x sin $ — y cos $) cos . (25) 


Hence from equation (18) in the plane RPS, 


A? b? — a? i al + b2 

za =Í > ) cos 2% + ab sin 2) + — . (26) 
where a= (x cos ġ + y sin d) cos O — z sin O 

and b = x sin ġ — y cos q. i 


From the definition, we obtain that the linear sharp- 
ness of directivity is given by 


AX = a8 +B 
oO = Q . . . . 
ma * = 

It is now required to find when k; is a maximum. 
Differentiating with respect to O and ¢ and equating the 
two equations to zero, we should obtain the best value 
for ande. It happens, however, that the two equations 
give the same result, namely 


(27) 


æ cos ¢ sin 0 + y sin ġ sin0 + z cos 0 = 0 (28) 


This means that the linear sharpness of directivity is the 
same for all directions for which this expression holds. 

It will be noticed that in the analysis the signs of 
x, y and z have not been considered and are immaterial. 
Any sign can be given which will permit equation (28) 
to hold. By altering a sign the result for the different 
quadrants will be obtained. The result is interesting, 
for expression (28) is the sum of the resolved parts along 


960 WILMOTTE: THE DIRECTIVITY OF BEAM SYSTEMS. 


the required direction of radiation of the sides of the 
volume, which contains the antenna. 
When equation (28) holds, we have 


A2 
i a A s u «6 . (29) 


From this equation we can deduce the following 
proposition: 


With suitable excitation, the best directions for 
good linear sharpness of directivity (the maximum 
radiation being along these directions), when the 
antenna system is spread uniformly within a 
parallelopiped of given dimensions, is such that 
the sum of the resolved parts af the sides of the 
parallelopiped along those directions is zero, the 
sides being taken as positive or negative to make 
this condition possible. When this condition holds, 
the best shape for a given volume is obtained when 
one of the sides is made as large as possible com- 
pared with the other two. 


In designing an antenna system for a beam station 
requiring a large linear sharpness of directivity, it is best, 
therefore, to spread the system as far as possible along 
one line, keeping to the relation (28). For a given 
space, the design of the system can be compared with 
the best obtainable by comparing the value of k for 
the two. 

Greater sharpness of directivity is obtainable if the 
elements of the antenna system are themselves directive. 
(This can only be obtained if the radiation from all the 
parts are not in phase in the required direction, i.e. the 
intensity of the field is not as large as it could be.) 
When this is the case, each element is usually designed 
to give its maximum radiation in the required direction 
of transmission. Since in that direction there is a maxi- 
mum, the controlling factor for the sharpness of direc- 
tivity will be the phase difference of the radiations for a 
small angular displacement. 

Now the field strength will be a product of the field 
due to each element and the field due to a combination 
of the various elements. 

If y”, k,, k, refer to the properties of each element, we 


have for the total plane SBAT DASS of directivity kp. 


nba P da da 
dy dy 
— k2 12 
ko + ko + Ia . . (30) 


and for the total linear sharpness of a Ka. 


2 
Ars | ay . (31) 


The deductions nich were obtained for non-directive 
elements of the antenna system will also hold when the 
elements are directive, so long as the direction of maxi- 
mum radiation of the elements is the same as that for 
the whole system. That is, the elements of the antenna 
should be spread as much as possible in one straight line, 
keeping to relation (28). 


(6) CONSTRUCTION FOR TRANSMISSIONS AT AN ANGLE TO 
THE HORIZONTAL. 


According to the proposition stated above, in order to 
obtain sharp plane directivity in a vertical plane making 
an angle O with the vertical, the antenna system OA 
should be spread at an angle (47 — 6) to the vertical, 
as shown in Fig.3. In this case, however, the image in 
the earth will not be in the right direction to help the 
radiation in the direction OP, but will give its main 
radiation in the direction OP’ making an angle @ with the 
vertical but on the opposite side to OP. A reflector 
QB may be adjusted to neutralize this radiation, while 
its image QB’ will help the radiation and the plane 
sharpness of directivity in the direction OP. Such an 


P 
/ 
(AN dE 
se 


Fic. 8. 


arrangement should be as good for any given direction 
to the vertical as the ordinary system is in the hori- 
zontal plane. 


(6) EXCITATION OF THE ANTENN# IN BEAM 
SYSTEMS. 


This discussion has neglected the difficulties involved 
in suitably exciting the system of antenne. From a 
central source it is, of course, possible to excite antenne 
in any given phase relation, but this requires a tuned 
circuit and a radiogoniometer or its equivalent, unless 
the antennz are all in phase or in opposite phase. 

If, in a system, certain points should all be in phase 
and others out of phase, an antenna directly excited 
from the source can be placed at these points. In 
order to employ more antennz, a convenient method 
would be to find suitable points for them such that the 
current induced in them from the other antennz will be 
in the correct phase relation, and the re-radiation of 
each will be in the same phase in the required direction. 
The method of calculating this will be readily under- 
stood from the paper by J. S. McPetrie and the author 
mentioned above. 

Those portions of the antenne that are not in contact 
with the ground cannot have their phase adjusted so 
conveniently. A compromise can be obtained by 
adjusting the size of the positive and negative loops of 
current along each antenna to produce radiation in the 
required direction, i.e. a Franklin antenna in which the 
negative loops are not completely neutralized. 

The next question is the best current distribution in 
a beam system. Maximum sharpness of directivity 
will obviously be obtained when the current is trans- 
mitted to the extreme parts of the antenna system. 
Such an arrangement would, however, have a very low 
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directive efficiency. The Bellini current distribution 
mentioned above would appear to be best in this re- 


(a) (b) 


Fic. 4. 


spect. Even a uniform current distribution gives a fair 
directive efficiency. Other things being equal, however, 
the tendency should be to transmit the current to 


antenne situated as far as possible from the centre of 
the system. 

The method used by Franklin with complete half- 
waves suppressed does not give very good conditions. 
The current distribution is substantially as shown in 
Fig. 4(a). Near the ends of the half-waves the current 
is small, so that these portions are not effective in pro- 
ducing much radiation or directivity. It would be 
better to use more current loops and suppress a greater 
portion of each so as to reduce the current distribution 
like that shown in Fig. 4(b), which gives a closer approxi- 
mation to a uniform current distribution. 

This work was carried out as part of the programme 
of the Radio Research Board, and is published by per- 
mission of the Department of Scientific and Industrial 
Research. 
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SUMMARY, 


The problem dealt with is the calculation of the effective 
e.m.f. induced in a receiving antenna from the field of a 
neighbouring transmitting antenna. It is assumed that the 
distribution of the current in the transmitting antenna is 
known. In this connection the author has shown that, for 
the simple antenne usually met with in practice, the current 
distribution can be readily calculated. 

The various parts of the problem are taken separately. 
First, the formule for the field at a point due to any element 
of current are given, and it is shown that the wave-form 
of the field varies with the distance from the antenna. 

The next point deals with the polar diagram at large dis- 
tances of an antenna. With regard to the wave-form, it is 
pointed out that the usual spectrum of the current of a radio 
station consists of a number of peaks at frequencies which are 
whole multiples of the first, each peak having a fairly rapidly 
decreasing intensity for a comparatively small range of 
frequency on each side. The peaks correspond to the funda- 
mental and the harmonics, and on each side are the side 
bands of the modulation. It is pointed out that the polar 
diagram of the harmonics may differ very considerably from 
each other, but that, for the frequencies of the side bands, 
the directions of the maxima of radiation would not be 
appreciably different from the directions of the maxima of 
the corresponding harmonic. ` 

The. effect of the conductivity and dielectric constant of the 
earth is next considered, the image due to any given element 
-$ The Papers Committee invite written communications (with a view to 

ublication in the Journal if approved by the Committee) on papers published 
fa the Journal without being read at a meeting. Communications should reach 


the Secretary of the Institution not later than one month after publication of 
the paper to which they relate. 


of current being taken as the exact image of the current 
element, but having K times the intensity. The factor K 
depends on the angle of incidence at the earth, the nature of 
the polarization of the incident field, the electric constants of 
the earth, and the frequency. This, again, will therefore 
produce an effect on the wave-form of a received signal. 

Finally, a formula is given for the effective e.m.f. induced 
in a simple receiving antenna when the field at any point 
along the antenna is known. This formula applies even if 
the field is not uniform. 

In conclusion, the problem of interference is considered. 
It is suggested that a criterion for the interference of a radio 
station dependent on the current and potential spectrum at 
the foot of the antenna would be convenient. A new.spectrum 
calculated from these would give the variation of the sum of 
the squares of the current and potential with frequency, for 
the harmonics and average working modulation of the station. 
From a rough calculation the maximum energy of radiation 
for a unit current at the various frequencies of the spectrum 
could be calculated and, possibly, combined in some suitable 
arbitrary way with the maximum energy of radiation along 
the ground. The product of this arbitrary relation and the 
spectrum distribution, obtained as explained, would form 
a convenient basis of a criterion for the measurement of 
in:erference. 


(1) INTRODUCTION, 


In many prablems connected with antenna arrays, 
and in certain measurements, it is necessary to know 
to a fair degree of accuracy what is the field in the neigh- 


Set. ¡fla 
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bourhood of an antenna and how it compares with the 
field at a distance. 

The knowledge of this is of particular importance in 
connection with measurements in which it is necessary 
that the field from other stations be quite negligible, 
or where the measuring apparatus is comparatively in- 
sensitive and requires a fairly strong field. There is a 
problem of special importance in this respect. It is 
known as “interference.” Attempts have been made 
to evolve a measure of the amount of disturbance 
caused by a transmitting station. If such a quantity 
were definable and measurable, an optimum value for 
it could be included in international regulations to 
ensure that no station would cause more than a certain 
amount of interference to other stations. An early 
suggestion of defining this interference factor from the 
decrement of the transmitter has been found to be quite 
inadequate. The problem is extremely complex from 
both the theoretical and the practical standpoints. A 
suitable factor should take into account the amount of 
energy radiated from the station at all frequencies, that 
is, the complete spectrum of the transmission. An ideal 
station would transmit only monochromatic radiation, 
but such a station could neither modulate nor stop 
transmitting, for the instant of stopping would coincide 
with the transmission of a train of waves of all 
frequencies. 

An interference factor should consider not only the 
amount of energy transmitted, but also the direction of 
this energy and how it varies with distance. It is these 
last two points that are specially considered in this 
paper. A measuring apparatus situated close to a 
transmitter will not necessarily give a true indication, in 
magnitude or spectrum distribution, of the nature of the 
field at a distance, so that a knowledge of the magnitude 
and nature of the signal induced in any type of simple 
antenna or coil by a neighbouring antenna is of 
importance. 

In the special problem of interference the most 
important portion of the spectrum to be analysed is 
usually that in the neighbourhood of the fundamental. 
In the present paper, however, both this and the effect 
of harmonics have been considered, as any legislation 
on the subject should be based on the most general case 
possible. 


(2) NATURE OF THE FIELD FROM AN ELEMENT OF 
CURRENT. 


In a paper entitled ‘‘ Phase Relations in Beam 
Systems ” by Mr. J. S. McPetrie and the present author,* 
it has been shown that at any point having polar co- 
ordinates (r, 0, d) the field due to any sinusoidal com- 
ponent f(t) of an element of current-length flowing 
in the direction 0 = 0 at the origin, can be written 
in the form:— | 


H,=Hy=E¿=0 ...... (1) 
in O 

Es =p LU ©» » + (2) 
cos O 


E, =P Tito)... . 3 (8) 


* See page 949, 


| H = q E — solo). o... (4) 
where (rg — r)2n/A = arc tan {cane (5) 
E 7 dr (rjA)? — 1 

(r, — r)2rr/[A = A + arc tan {A/(2z7) y .. +. (6) 

(87 — r)2nfA = arc tan (YEN). . . - . (1) 

po = Y [1 — KAJ + {Aent . (8) 

Pr = (WMV [+ Pira... O 

ga = V [I + Pelar]... . (10) 


À being the wave-length, and c the velocity of light. 

The factors 7, T, 8, were called “ equivalent dis- 
tances,” while Pg P, 94 were termed “ amplitude 
factors.” The variation of these factors with distance 
was shown graphically, and from the curves it is a 
simple matter to find at any point the phase and ampli- 
tude of the field due to an element of current-length. 

A matter of considerable importance, relating especially 
to the problem of interference of radio stations with 
each other, is that all the above factors vary with the 
wave-length. This means that the intensity of a wave 
at one wave-length will be different from that at another, 
and the ratio will vary with the distance. In other 
words, the wave-form of the field, if it is not an absolutely 
pure sine wave, will be different at various distances 
from the antenna and will be different from the wave- 
form of the current in the antenna. 

Let us examine how the wave-form changes with 
distance. We shall first consider the field from an ele- 
ment of current-length flowing in the direction O = 0 at 
the origin. 

In practical cases the distribution of energy from a 
radio station consists of a number of peaks, with a 
fairly rapid decrease of energy on either side of each 
peak. The first peak—that at the lowest frequency— 
is the largest and corresponds to the fundamental. The 
other peaks occur at whole multiples of the fundamental 
frequency and correspond to the harmonics. The dis- 
tribution of energy on either side of the peaks extends 
Over a comparatively small range of frequency and 
corresponds to the side bands produced by the modula- 
tion. It will be realized that morse transmission is 
essentially of the same nature as telephonic modulation 
and is liable to extend over a very appreciable range of 
frequency. The matter is further complicated by the 
fact that the distribution of energy in the side bands of 
the harmonics may not be exact reproductions of that 
in the side bands of the fundamental. It is to be 
expected, however, that the energy distribution will not 
be very different in the neighbourhood of the funda- 
mental and in the neighbourhood of the harmonics, if the 
actual frequency is taken as the variable and not the 
petcentage frequency-change from the nearest maximum. 
This only refers to the average energy distribution taken 
over a sufficient period of time. This latter condition 
is necessary for two reasons: the first is that it will 
generally be required to obtain an average of the normal 
wave-form of the modulating current of the station; the 
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second is the necessity of averaging the effect of the 
phase relation between the modulating and the carrier 
currents. The second reason will be understood when 
it is realized that the extent and nature of the side 
bands will depend on the phase between the modulating 
and carrier currents. Now, if there is no natural 
selection in favour of some definite phase relation, it can 
be expected that a constant average for the energy 
distribution of the side bands will be obtained if suffi- 
ciently long periods of time are taken. It is only when 
this averaging process is applied that it can be expected 
that the side bands of the harmonics may be similar to 
those of the fundamental. 

Consider a sinusoidal component of the current having 
a frequency m times the fundamental. Let the field be 


resolved into two parts: one, E», E,, Hy, is in phase 
with f’(¢ — rfc), and the other, Kh, E, Hy, is in 
quadrature with f’(t — rfo). 

Equations (2) to (4) then become 


Eo = Cah _ 1) sin 0 . (11) 
I8Z cos mm (ct — r) Dae) 
E, cos 0 
r ieee. e (19) 
2 
IŠZ cos si a SMN 
oe A _ 2aimfA)sin@ yg 
I8Z cos a (ct — r) 
IZ sin an (ct — r) I9Z sin a — 1) 
sin ĝ 
-= -Tr (14 
E, E, 2 cos 0 (15) 


18Z sin a (ct — r) 


in which ZZ sin [2mm(ct — r)/Aj] is the element of 
current-length, A being the wave-length of the 
fundamental. 

At a large distance from the antenna, the components 
Es and Hy of the field are large compared with the 
others. Writing E and H for these, we have 


E H 


— 


2 
ISZ cos HN (ct —r) IÒZ cos — (ct — 7) 


A 


Z 2ar(mJA) sin 8 (16) 
cr 


If we wish to compare the wave-form at any distance 
with the wave-form of the current, we need only calculate 
the right-hand sides of equations (11) to (16) and find 
how they vary with r/A and m. It is more convenient, 


however, to consider the ratio of the field strength due 
to the current of frequency m times the fundamental, 


and the field strength at the same point due to an equal 
current but at the fundamental frequency; that is, the 
ratio of the right-hand sides of equations (11) to (16) 
to the value of these when m = l. 


Denoting these ratios by Ty Sr or, o, ; a, i Gn o, we 
have: 
, 4ar2(rmfX)?2 — 1 
Co FT - (17) 
mi tr(r/2)? — 1} 
, 
o= ljm a...’ (18) 
o, = . (19) 
o =0 =0 =l . . . . . (20) 
CSM a e e ad al) 


With the exception of that for ¢ Oy, these expressions 


are extremely simple. 

It has been pointed out above that the most important 
cases are those when m is an integer or in the immediate 
neighbourhood of an integer. The value of o near 
these integral values can be more readily obtained by 
considering a small change of frequency. This can be 
found by taking logarithms and differentiating with 
respect to m, when the following are obtained :— 


do, 9 om 
en {+ ama fe aa 
oom es) 
o, m 
es) 
O} m 
da, do” 90, 
A A O A OD) 
O o, h 
8) 
mM 


From these equations the wave-form at any point is 
at once obtainable. Suppose the current corresponding 
to all the frequencies over the radio spectrum is known 
for an element of current. The field at any point 
can be calculated for the fundamental frequency field 
from equations (1) to (10) and the curves given in the 
paper mentioned in connection with those equations. 
The intensity of the field having m times the frequency of 
the fundamental is obtained by multiplying by the factor 
o given in equations (17) to (21). It may be found more 
convenient to calculate the factors for the harmonics 
and apply small percentage corrections, if necessary, 
from equations (22) to (26) for the side bands. 

Each element of the antenna must be treated in the 
same way and the total field, taking into account the 
phase relation at which each elementary field arrives 
at the point considered, can be calculated for each 
frequency. 

When the point chosen is so close that the transmitting 
antenna subtends an appreciable angle at that point, 
the calculation may become very laborious. The most 
simple case likely to be met with in practice is when the 
angle subtended by the antenna is small. In that case 
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the field strength can be calculated as though it were 
due to an element of current-length Ih, in which I 
is the amplitude of the current of the frequency con- 
sidered and h is the effective height of the antenna in 
that direction. 


(3) EFFECT oF DIRECTIVITY. 


With few exceptions, unless an antenna extends over 
a distance comparable with a wave-length, the directive 
effects are negligible. When there are directive effects, 
however, they must be taken into account in calculating 
the field strength. For points at large distances com- 
pared with the dimensions of the antenna, it is possible 
in nearly all practical cases to calculate the polar diagram 
for any desired frequency. Generalized formule have 
been worked out by the author and will appear in a 
subsequent paper, but these formule, except in certain 
very simple cases, are only comparatively simple, and 
the work of calculating them for the side bands as well 
as the harmonics would be prohibitive. 

Fortunately, the most important part of the polar 
diagram will generally be in that direction for which 
the field is a maximum. Now the present author has 
pointed out, in a paper entitled ‘‘ General Considera- 
tions of the Directivity of Beam Systems,” * that sharp- 
ness of directivity, which is proportional to the rate 
of change of field strength with angular displacement, 
is generally a minimum when the phase difference 
between the radiations from the main portions of the 
antenna is zero. When that is so, the total field will 
also be a maximum. In such directions, small changes 
in the phase difference of the radiation from the various 
portions of the antenna will only affect the intensity of 
the field by terms of the second order. Now, a small 
change in the frequency will not alter the current dis- 
tribution sufficiently to produce any very appreciable 
change in the polar-radiation diagram, but it might be 
expected that the alteration of phase relation between 
the radiations from the various parts of the antenna 
might have a serious effect. It may have in some 
directions, but we have seen that the effect will only 
be secondary in the directions of maximum radiations. 

These deductions are based on the assumption that 
the directive effects of the individual portions of the 
antenna are small compared with the directive effects 
of the whole antenna. When this is not so, the direction 
of maximum radiation will not be exactly in the direction 
for which the radiations from the individual portions 
are in phase, but will be in some other direction, usually 
not far distant from this. In such cases, a small change 
in the frequency will not affect the radiation in the 
direction of the maximum only by second-order quanti- 
ties but also by a first-order term. Since, however, 
the maximum direction will not usually be far from that 
which makes the first-order term zero, the quantities 
of the first order will generally be small. 

It can usually be assumed, therefore, that the polar 
diagram of an antenna system is the same for the fre- 
quencies covered by the side bands attached to any 
harmonic. It is not possible to assume, however, that 
the polar diagrams for all the harmonics are similar, and 
each one must be calculated separately. 


* See page 955. 


The conditions which are likely to cause the assump- 
tion regarding the side bands to fail are either that the 
direction of maximum radiation is not the direction 
which is being considered, or that the main portions in 
which the antenna system can be roughly divided 
possess themselves strong directive properties. The 
importance of the latter is increased if the sharpness of 
directivity of the individual portions is large in the 
required direction. 


(4) EFFECT OF THE EARTH. 


Up to the present the effect of the image in the earth 
has not been considered. This problem can be attacked 
from the comparatively simple theory which applies to 
light. It is true that the conditions in radio communica- 
tion are different, in that the measurements are normally 
taken at a distance from the earth’s surface which is 
small compared with the wave-length, but many laws 
of light are known to apply within fractions of a wave- 
length. The theory is likely to apply to a fair ap- 


— A 
E : 
y le Vile A 
Elk: 


Fic. 1.—Effect of image in earth. 


proximation, but requires experimental evidence to 
substantiate it. 

The theory is that originally given in a paper by T. L. 
Eckersley * for the special cases of low and high angles 
of incidence, and generalized by the present author in 
the discussion of that paper.j The principle depends on 
the laws of reflection of light and on the reciprocal 
theorem of Sommerfeld.t 

Suppose it is required to find the field at a point A 
(Fig. 1) due to the image of an element of current- 
length Zx at B. If the chain lines represent the tangent 
and the normal to the earth at the point P, the image of 
B in the earth can then be taken at C, where BQ = QC 
and the amplitude is KI8x, where K has the following 
values :— 

For a field at P polarized in the plane of incidence 
(i.e. one in which the electric vector lies in the plane of 
incidence) 


(k + 2jojn) — y (k — sin? O + 20/n) 


= — ee eo (27 
= (k + Qjafn) + y (l — sin? 6 + 20/n) (27) 
where k = dielectric constant of the ground, 


= conductivity, 
n = frequency, 
0 = angle of incidence, and 


= 4/(— 1). 


* T. L. Ecxerstry: “Short-Wave Wireless Telegraphy,” Journal I E-E., 
Meee 65, p. 600. 


640. 
ÍA id, GAO. “ Reciprocity Theorem of Wireless Telegraphy,” Zeitschrift 


ür Hochfrequentstechnik, 1925, vol. 26, p. 93. 
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For a field at P having its plane of polarization per- 
pendicular to the plane of incidence, 


cos Ó — y (k — sin? O + 20[n) (28 
= cos 8 + y/(k — sin? 0 + 2jofn) ` ) 


The total field at A is obtained by adding the field 
due to Jéz at B to that due to KIðx at C. When there 
are both tangentially and normally polarized components 
of the field at P, the components must be calculated 
- separately and the total effect found by adding all the 

components at A. It will be seen that K is in general 
a complex quantity, so that the field at any point is 
“usually elliptically polarized. 

If the point at which the field is required is so close 
to the antenna that the angle varies for different parts 
of it, the field from each element must be considered 
separately and added vectorially at A. 

K; and Kp can be separated into their real and 
imaginary parts as follows:— 

Let k — sin? 0 + 270/n = (c + jd)? where c and d are 
real. 


Then ct — Ê = k — sin? 0 
cd=ofn . . 


Ky = 


(29) 
and 


We have, therefore, 
K; = 


and K, = 


At short wave-lengths (under about 5 metres in 
England) when c/n can be neglected, these equations 
become 


k cos 0 — y (k — sin? 0) 


A cos § + y (k — sin? 0) (38) 
_ y (k — sin? 0) — cos 0 
ang fgs "y (ke — sin? 0) + cos O ` (34) 


At long wave-lengths (over about 50 metres in 
England) k can be neglected and ofn is large compared 
with sin? 0, so that 


(20/n) cos? 0 — 1+ 2j(a/n)* cos O 

(20/n) cos? 6 + 1 + 2(0[n)t cos O 

_ (2a/n) — cos? 6 + 2j(ofn)t cos 0 
P — (20[n) + cos? 9 + 2(0/n)t cos 6 


K¡= — (35) 


and (36) 


A case of special interest is the total field at the surface 
of the ground. If E; and H; are the fields from the 
component of the radiation at P, which is polarized in 
the plane of incidence, due to the current at B without 
its image, the total field due to them at P will consist of : 


(i) A tangential component of value (1 + K,)H; cos 0 
in the plane of incidence. 
(ii) A normal component of value (1 — K;)E; sin 0. 
(iii) A tangential component of value (1 — K,)H;, 
perpendicular to the plane of incidence. 


(30) » 


If E, and H, are the fields of the component of the 
radiation at P, which is polarized in a plane perpendicular 
to the plane of incidence, the total field due to them at 
P will consist of: 


(i) A tangential component of value (1 — Kp)E, 
perpendicular to the plane of incidence. 
(ii) A tangential component of value (1+K,)H, cos 0 
in the plane of incidence. 
(iii) A normal component of value (1 — K,)H, sin 0. 


(5) EFFECTIVE E.M.F. INDUCED IN AN ANTENNA. 


The next problem is to find the effective e.m.f. which 
will be induced in an antenna when the field along it is 
known. This has no bearing on the effective height 
unless the field is uniformly distributed along the 
antenna. When the receiving system is at a reasonable 
distance from the transmitting antenna, this uniform 
distribution can be assumed. 

The author has shown * both theoretically and experi- 
mentally that any antenna circuit, however complex 
the antenna and the field distribution, can be accurately 
represented by the equivalent series circuit shown in 
Fig. 2. In this circuit Z is the impedance between the 
foot of the antenna and earth, Z, is the effective imped- 
ance of the antenna measured at the base, and E, is 


(1? + 402/n?) cos? O — (e + a?) — 27 cos O(kd — 2cofn) 
(K + 40?[n?) cos? O + (c? + d?) + 2 cos O(ke + 2dofn) 
(c? + d) — cos? 6 + 27d cos 0 
(c? + d) + cos? O + 2c cos 0 


(31) 


(32) 


the effective e.m.f. due to the oncoming field, also 
measured at the base. The point of importance is 
that Z, was found to be a function of the shape of the 
antenna only, and that E was independent of Z. This 


Fic. 2.—Equivalent circuit of antenna. 


result had previously been obtained by F. M. Colebrook + 
for certain special antenne. 

The measurement of the effective e.m.f. can there- 
fore be obtained independently of the impedance of 
the measuring apparatus. The same applies to the 
effective impedance and, moreover, it will be independent - 
of the distribution of the e.m.f. | 

In the paper in the Philosophical Magazine above 
mentioned a formula is given for the effective e.m.f. 
for any shape of antenna for which the distribution of 
the constants and of the e.m.f. along the antenna are 
known. The author has also shown,{ both theoretically 
and experimentally, that the current distribution along 
a simple antenna such.as an inverted “ L ” follows very 

* R.M. WILMOTTE: “ The Constants of Receiving and Transmitting Antenna,” 
Philosophical Magazine, 1927, vol. 4, p. 78. 

F. M. COLEBROOK: ‘‘ Theory of Receiving Aerials,” Experimental Wireless, 
1927, vol. 4, p. 495. 


. M. WILMOTTE : * The Distribution of Current in a Transmitting Antenna,” 
Journal I.E.E., 1928, vol. 66, p. 617. 


966 


WILMOTTE: THE NATURE OF 


approximately a sinusoidal law and has nodes and anti- 
nodes at distances of 4 wave-length. This corresponds 
to a uniform distribution of inductance LD, and capacity 
Cy per unit length such that 


D= U... . 


where cis the velocity of light. 

Assuming this to be true for the receiving antenna 
under consideration, the formula for the effective e.m.f. 
reduces to 


(37) 


l l 
e—2a | E,erdr — | Bensar 
0 


B = —— (38) 


1 — e~ 2a 
where lis the total length of the antenna, E, is the 
electric field parallel to the antenna at a distance r from 
the base measured along the antenna, and a = 2mj/A. 

If the diameter of the wire of the antenna is not uni- 
form, or if the antenna is in the form of a “T,” the 
capacity per unit length changes. The value of this 
change is given in the last-mentioned paper. In such a 
case the formula for the effective e.m.f. would be more 
complicated. 

In many cases the effective e.m.f. can be very approxi- 
mately calculated by applying Rayleigh’s * reciprocal 
theorem, which has been generalized by J. R. Carson.f 
This theorem states that, if a distribution of periodic 
electric intensity F” produces a distribution of current 
intensity u”, and a second equiperiodic distribution of 
electric intensity F” produces a second distribution of 
current intensity u”, then 


f(a do = [(E"ujdo . 


where the products under the integral sign are scalar 
products. The only restriction to this theorem is that 
the permeability is unity throughout the space 
considered. 


In the case of a tuned receiving antenna of ordinary — investigation of the field around a transmitting antenna 
low resistance, the current is comparatively large, ‘SO | 
that the potential differences are large compared with | 


The result of this is that the | 


the applied e.m.f.'s. 
current distribution is not much affected by the dis- 
tribution of applied e.m.f. At the same time, if the 
resistance is small the e.m.f. and current will be very 
nearly in phase throughout. We can assume, therefore, 
that the current distribution is the same whether an 
e.m.f. be distributed along, or applied at the foot of, 
the antenna. Applying equation (39) to the two cases, 
we can write for both uw’ and u” the known current 
distribution calculated from the simple sinusoidal law.] 
For F’ we can put the known distribution of e.m.f. 
along the antenna, and for F” the unknown effective 
e.m.f., Eq. We therefore obtain that 


[a dr = Esa 


where E and ¢ are the e.m.f. and the current respectively 
at a distance r from the base, and tọ is the current at the 
base. 


. (40) 


* Lord RAYLEIGH : * Theory of Sound,” vol. 1, p. 155. A 

+ J, R. Carson : “* A Generalization of the Reciprocal Theorem,” Bell System 
Technical Journal, 1924, vol. 8, p. 393. 

t See Journal 1.E.E., 1938, vol. 66, p. 617. 


. (39) 


A special case, which is likely to occur frequently in 
practice, is when the field (of strength Æ) is uniformly 
distributed along the antenna. The value of the effec- 
tive e.m.f. is then hE, where h is the effective height. 
The value of h can be readily found by calculating it for 
the case of the antenna used as a transmitter, the current 
distribution being taken as sinusoidal, with the necessary 
corrections for any alteration in the section of the 
antenna. The effective height is given by 


This formula should not be used when the total length l 
is a whole multiple of half the wave-length, for on this 
simple theory the effective height becomes infinite. 
In practice it is very large at these points and its value 
is governed by the resistance of the antenna. 

That the value of the effective e.m.f. for a uniformly 
distributed field is AE was first proved by E. B. Moullin * 
for certain special antennæ, and later generalized by the 
present author f to any type of antenna. 

It will be noted again that the effective e.m.f. is 
dependent on the frequency as well as on the e.m.f. 


| distribution. The wave-form of the received signal 


must therefore be calculated for each frequency. Actu- 
ally, the effective e.m.f., except near frequencies which 
correspond to a node of current at the foot of the antenna, 
is not a sharp function of the frequency. It is only 
necessary, therefore, to calculate the effective e.m.f. for 
each harmonic and apply these values to the side band 
attached to the corresponding harmonic. 


(6) CONCLUSION, 


The above sections give methods for the calculation of 
the e.m.f. induced in a receiving antenna in the neigh- 
bourhood of a radio station. It will have been realized 
that the labour of computation of a complete and accurate 


is prohibitive unless some parts of the calculation can 
be omitted. There can be no very useful generalization 
in this respect, and each case must be considered on its 
merits. 

With regard to the problem of interference, and the 
amount permissible for radio stations, the following 
difficulties arise :— 


(i) The polar diagram depends on the frequency. 
Even if there are no directive effects for the 
fundamental, they are likely to arise in the 
harmonics, and these directive effects may 
occur in the vertical as well as the horizontal 
planes. 

(ii) To a certain extent the conductivity of the earth 
will affect the wave-form received. 

(iii) A certain frequency may possess a large value 
of the current at some points of the antenna, 
and a very small one at the base. In that 
case, however, the potential of this frequency 
at the base of the antenna will be large. In 

E A Ress 

t Philosophical Magazine, loc. cit. 
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fact, since one is sinusoidal and the other 
cosinusoidal, the sum of the squares of the 
current and potential of any given frequency 
should be nearly constant along the antenna. 


It is the opinion of the author that the labour involved 
in calculating the general field at a distance, from a 
knowledge of the field in the neighbourhood of an 
antenna, could be reduced and the accuracy increased 
if the current and potential at the foot of the antenna 
were analysed instead of the field at some arbitrary 
point. 

Since the possible interference due to a station is 
likely. to occur owing to radiations in any direction, it 
would seem that the maximum field due to the current 
of the frequencies of the spectrum should form the 
criterion of permissible interference. It is true that 
some directions may be less important than others. 
For instance, when the main radiation is at some angle 
to the horizontal, it will have to travel a considerable 
distance before it reaches the ground again and would 
then be comparatively weak. It may therefore be 
advisable to give special weight to the maximum radia- 
tion along the ground by means of some arbitrary 
formula. 

After obtaining the spectrum of the current and the 
voltage, and reducing them to a comparable value by 
adding the squares of the current and voltage at each 
frequency, a rough calculation of the maximum field 
intensity in space and along the ground could be made 
for the various frequencies. The product of an arbitrary 
relation of these two maxima and the spectrum dis- 
tribution obtained could be used as a basis for judging 
the amount of interference of a transmitting station. 

It is not suggested that such a criterion is perfect, 
for it does not take any account of the directive efficiency 
at various frequencies, and a station which sends most of 
its objectionable radiation within a small angle should 
be considered to be better than one which gives the 
same maximum with no directive effects. It is better, 
however, than an analysis of the signal at a considerable 
distance, for this does not take any account of directive 
effects in either the horizontal or the vertical planes. 

The above are the general conclusions, including the 
possibility of the harmonics of a station being of detect- 
able magnitude. When the harmonics are so small 
that they produce no interference, as is the case in some 
of the more modern transmitting stations, the problem 
is considerably simplified. The side bands must not, 
of course, spread beyond about 20 per cent on either 
side of the fundamental, otherwise all the problems 
begin to reappear. This is, however, by no means the 
limit of the possible extent of appreciable side band. 
As in almost all problems of this type, the amplitude 
decreases rapidly in the immediate neighbourhood of 
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the fundamental frequency, but after that the rate of 
decrease is extremely slow and the appreciable ampli- 
tudes may be found over a very considerable range of 
frequency. Assuming, however, that there is nothing 
detectable outside a band extending to 20 per cent on 
either side of the fundamental, the following simplifica- 
tions follow :— 


(i) The first difficulty arising from the variation of 
the polar diagram with frequency will dis- 
appear except for certain highly directive 
systems, such as a construction involving 
antenne built on the Franklin system with 
portions of the wave suppressed. 

(ii) The effect of the conductivity and dielectric 

constant of the ground will be the same for 
the whole band unless the angle of incidence 
is in the neighbourhood of Brewster’s angle. 
(iii) The effect of the distribution of current along 
the antenna causing the currents at the various 
frequencies at the base to fail to be a true 
measure of their total effect will be negligible 
unless there is a node of current in the neigh- 
bourhood of the foot of the antenna (in which 
case the effective height varies very rapidly 
with frequency). 
(iv) The effect of variation of wave-form with dis- 
tance will be negligible unless very great 
accuracy is required. For instance, at the 
outside limit of the band (i.e. 20 per cent away) 
the error caused by neglecting this will not be 
greater than 20 per cent, except possibly 
at small fractions (< }) of a wave-length from 
the antenna, where the percentage rate of 
change of the fields may be large. 


The final result is that, for a reasonable width of 
frequency band without harmonics, the wave-form of 
the field can be assumed to be the same in all directions 
at distances which are large compared with the size of the 
antenna. This latter condition is required so that the 
angle of incidence and the distance from the point of 
measurement may be sensibly equal for all portions of 
the antenna. Very careful considerations must, how- 
ever, be given to the conditions outlined above, in which 
such an assumption may cause very considerable errors. 

In conclusion the author desires to thank Mr. F. M. 
Colebrook, who introduced him to the subject of inter- 
ference. It was at Mr. Colebrook’s suggestion that this 
paper was written, when he found that the wave-form 
of the field from an antenna was not constant but varied 
with the distance. 

This work was carried out as part of the programme 
of the Radio Research Board, and is published by per- 
mission of the Department of Scientific and Industrial 
Research 
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CHAINS OF RESONANT CIRCUITS.* 
By Prof. E. MALLETT, D.Sc. (Eng.), Member. 


(Paper first received 25th November, 1927, and in final form 15th August, 1928.) 


SUMMARY, 


The chain of resonant circuits coupled by mutualinductance 
is reduced to the more usual type of filter circuit or chain of 
T-links in Section 1. In Section 2 a solution is obtained for 
the currents flowing, and this is applied to the chain of 
resonant circuits in Section 3, and to the case of a chain of 
asymmetrical T-links in Section 4. In the last Section a 
graphical construction of the solution is worked out. An 
appendix gives an example, 


SECTION l. 


The chain of n resonant circuits shown in Fig. 1 is 
of considerable interest to the wireless engineer, but, as 
far as the author is aware, the solution of the problem 
of finding the current J, in the last link for a given 
e.m.f. e induced in the first has not been given.t 


Cc 


eI 
EA 


Fic. 1. 


It is supposed that each link of the chain is composed 
of two inductances, L, each having a resistance R, and 
a condenser of capacity C, and that the links are coupled 
by a mutual inductance M. 

As a first step, each pair of inductances as in (a), 


Fic. 2. 


Fig. 2, can be replaced by the symmetrical T-circuit of 
(b), Fig. 2, with 2, = R + jwL — jwM and z, = jwM, 
and the condensers of capacity C can be replaced by 


consisting of (n — 1) T-links each with a series impe- 
dance 2R + j2w(L — M) — jf(wC) and shunt impe- 


yt 


Fic. 3. 


dance jwM (admittance Y), the chain being terminated 
at each end by an impedance R + jwL — ¿[(2w0). 


SECTION 2, 


The problem of finding the currents and voltages 
in such a network has been solved ih different ways by 
K. W. Wagner,* A. E. Kennelly,t A. G. Warren,} 
and A, C. Bartlett; $ but the following, which is a 
modification of K. W. Wagner's method, appears to 
be the simplest and most straightforward way owing to 
its close analogy to the method of dealing with the 
smooth telephone line. 

The nth link of the chain is drawn in Fig. 4, the series 
impedance being Z and the shunting admittance Y, 


lna, 


FiG. 4. 


and the following relations between the currents and 
voltages at the beginning and end of the link can be 
written down from inspection :— 
Van-1 — Va = 32 (La + In—y) «e. - 
In- — In = Y(Vn—-y oa $ZIn—1) - - (2) 
Write as a general solution 
Va = A cosh ny + Bsinhny. . . (3 
In = C cosh ny + Dsinhny. . . (4) 
which inserted in (1) gives 


Afcosh (n— 1)y—cosh ny) +-Bísinh (n— 1)y—sinh ny}= 4Z[C{cosh (n— 1)y-+cosh ny) + D{sinh (n— 1)y +sinh ny)] 


or A sinh $(2n— 1) y sinh (— y) +B cosh $(2n— 1) y sinh (—}y) 
=4$Z{C cosh $(2n—1)y ane 4y) +D sinh $(2n—1)y cosh (—}y)} 


two condensers, each of capacity 2C, in series. The 
chain of n links of Fig. 1 then becomes that of Fig. 3, 


* The Papers Committee invite written communications (with a view to 
poo reS in the Journal if approved by the Committee) on papers published 
n the Journal without being read at a meeting. Communications should reach 
the Secretary of the CR not later than one month after publication of 
the paper to which they re 

y riba however, L. cone: ima of the Franklin Institute, 1923, vol, 195, 
p. 0 


Since this must be true for all values of n, 
A sinh (— $y) = $ZD cosh (— $y) 
B sinh (— $y) = $ZC cosh (— $y) 


* Archiv fur Elecktrotechntk, 19165, vol: 8, p. 315. 
+ ** Artificial Electric Lines,’ > chap. 

t Journal I.E.E., 1926, vol. 64, p. 758, 

$ Ibid., 1927, vol. 65, p. 223, 


and 
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4 
Whence D = — Fie tanh iy - (5) 
Pee 0 E 
an ~ Z2 tanh Ly) 


From (2), considering the (n + 1)th link, 


las (Va HAZ) 


Uni — In) — Un — In+1) 


7 V{(Vn—y — Va) = $Z(In—y 3 n)} 
Using (1), this becomes 
In- + Ingy = (2 + 2Y)1, 
And substituting from (4), 


2C cosh ny cosh (— y) + 2D sinh ny cosh (— y) 
= (2 + ZY) (C cosh ny + Dsinh ny) 


whence coshhy=1+4ZY . . . . (6) 


Thus equations (3) and (4) provide a general solution 
for steady conditions, provided that (5) and (6) are 
satisfied. 

Considering conditions at the sending end (n = 0), it 
is found that A = V,, the sending-end voltage, and 
O = I, the sending-end current. If the chain is infi- 
nitely long, B= — A and D = — C, and (3) and (4) 
become, using (5), 


Va = V¿e "y 3 In Vsc-ny 


0 
Zo = Z[(2tanmh hy) . . . . (7) 


Thus y is identified with the propagation constant of 
the chain, and Zp with the characteristic impedance. 

If the chain has n links and V, and I, are the voltage 
and current at the receiving end, it is found that 


= Ie "Y = 


where 


Vr = V, cosh ny — IZo sinh ny 

I, = I, cosh ny — (V,/Z 9) sinh ny 
equations exactly similar to those of the telephone line. 
Thus, all the telephone-line equations hold. In par- 
ticular, the current through a terminal impedance Z, 
caused by an e.m.f. E acting through a sending end 
impedance Z, is given by 

E (8 

(Zs + Zr) cosh ny + (Zo + ZZr/Zp) sinh ny 


and the sending-end current by 


i= 


Ll, = E 


SECTION 3. 
In the chain of Fig. 3 


Z = 2R + j2w(L — M) — jlw0 
Y = 1/(jwM) } 


Hence from (6), 


(9) 


Writing y = a + jf and considering, for the purpose 


Zo cosh ny + Z, sinh ny 
Zo(Z, cosh ny + Z sinh ny) + Z,(Z, sinh ny + Zo cosh ny) ` 


of finding the cut-off frequencies, the ideal case with 
R = 0, it is found that 
h L 1 
cosh a cos B = lt  30®MC 
sinh a sin B = 0 
must be satisfied. Sinh a, and therefore a, may be 
zero, while cos B lies between + 1. The values of w, 
between which a, is zero, i.e. the “ cut-off frequencies,” 
are therefore given by 
E AN . . (10) 
y(2C(L + M)} 
The following may be written down for substitu- 
tion in (8) to find the current at the end of the chain; 


1 E j ) 
cosh y = (E + jwL 0 
Z 
lo = 2 tanh $y 
cosh y + 1 xa} 
= L— M)— 
y a y — at +Jol 20C (11) 
= jwM sinh y 
: j : 
Zs = Z, = R + jwL — 200 = jwM cosh y 
M cosa 2y 
sinh y 
E sinh y 
ivi = — 12 
oe Tr jwM sinh (n + 2)y (12) 
Similar substitution in (8a) gives 
ae E sinh (n + 1)y (12a) 


jwM sinh (n + 2)y ` 


It must be remembered in applying this expression 
to the chain of Fig. 1 that n is one less than the number 
of resonant circuits or links. Thus in the well-known 
case of two coupled circuits, n = 1, and (12) becomes 


Esinhy E 
jwM sinh 3y  jwM(4 cosh? y — 1) 
Writing the series impedance of each link of the 
chain of Fig. 1 as Z, 


E j 
Z = 2R + 2jwL O 


I, = 


and cosh y = (13) 


230M 
(8a) 


giving J,, the current in the secondary circuit due to 
the e.m.f. E in the primary, in the usual form 
joM 
I, = Z2 + wM? 
For a single link, n = 0 and 
E sinh y E E 


— ——— __ 8 000 T U 


jwMsinh2y jwM.2coshy Z 


Fig. 5 shows curves of received current for 2, 3 and 
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4 links, with C = 900 upF, L = 1000 uH, R = 5 ohms, 
and M = 42 uH calculated from formula (12), using 


Kennelly’s tables and sheets of hyperbolic functions. 


Expressions (12) and (12a) can be used to find the 
Number- 


current in any intermediate link of the chain. 


40 


E a Oe ee 
BREA 
IN 


mA per volt 


Frequency, ® 
Fic. 5. 


ing the links 0, 1,2... n {(n + 1) links in all}, from 
(4) the current in the mth link is 


Im = C cosh my + D sinh my 


With m = 0, Im = I, and is given by (12a), while 
Substitution 


with m = n, Im = I, and is given by (12). 
in the above gives 
= E sinh (n + l)y 
~ jwM sinh (n + 2)y 


SN 


eae Peewee we 


Ll on 2h RL 2K 
2 
c 


K i A 
| T 
i c C C RL (e) 


C 


_ jw sinhy 


/, sinh (2. +2) y 


y NS 


Where 


E cosh (n + 1)y 


jwM sinh (n + 2)y 


and 


| and hence 


E sinh (n + 1 — myy 
In = = °s 12) 
™ juM sinh (n + 2)y (1%) 
It appears on consideration of (11), (12) and (13) that 
in any chain of T-links, cosh y = YZ/2, where Z is the 


1 
series impedance round a mesh, and Zp = Y sinh y, and 


that if Z, and Z, are made equal to > cosh y, i.e. 


Z; = Z, = 42, the current in Z, due to an e.m.f. E in 
Zg will be given by 
_ Ysimnhy 
” sinh (n + 2)y 


Fig. 6 shows three such chains: (a) a low-pass filter, 
(6) a high-pass filter and (c) the band filter of K. W. 
Wagner. In each case the manner in which the T-links 
and the termination are built up is indicated on the 
left, and the form which the filter would take in practice 
is indicated on the right. 


SECTION 4. 


The results obtained for the symmetrical T-chain 
can readily be applied to the chain of asymmetrical 
T’s, yielding a simpler method of solution than that 
given by A. C. Bartlett in a paper entitled “ Theory 
of Repeated Networks.” * 

Any network not containing e.m.f.’s contained between 


terminals T,T, and TT. [Fig. 7 (a)] can be replaced 
* Journal T.E.E., 1927, vol. 65, p. 223. 


jo sinh y 

sinh (72+2) Y 

"Where RrjoDin (a) 
cosh y = eee 


4%" 


ze <i. —Ssinhy 
7 RijoL sinh (n+2) Y 
Where (5) 


ah = 
coshyY=2 CTRL 


€ 


>» 


cosh yoy {Rtjol - ay ait jul} 
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by an asymmetrical T (Fig. 7 (b)] with impedances a, b, 
and admittance g, which are readily found from the 
equivalence of the short-circuited and open-circuited 


impedances from each end of the two networks. Thus 
| . a b : 
, T, T, 
7, Bo g | 
T 
(a) : (6) : 


Fic. 7. 


if Zy, Zg, are the impedances measured from T,, T,, 
with Ti, Te insulated and short-circuited respectively, 
and Zp, Za are similarly impedances measured from 
T, Te 


1 
Z=4a+- 
á g 


© b 
Zg =aq + bg + 1 Zy =b + 
a = Zy- y [ZZ = Zo) 
i b = Z; — VIZÁŽ — Zy) 
= = V2 Ze — 2) = VSS — Za] 
Any chain of n links of Fig. 7 (a) can therefore be 
replaced by one of n links of Fig. 7 (b) as in Fig. 8 (a), 


with terminal impedances Z, and Z,, and this can be 
replaced by a chain of symmetrical T's with terminal 


whence 


(14) 


Q 


impedances [Zs + $(a — b)] and [Z,— ¿(a — b)] as 
shown in Fig. 8 (b), which can be readily solved using the 
results of Section 2. 


For instance, Bartlett's expressions for y, and Yn» 
the receiving-end impedances from the left-hand end 
and the right-hand end respectively, are readily found. 
Substitution in the denominator of (8) from Fig. 8 (b) 
yields 


Yn = Zp cosh ny + { Zo + 
Yn = Z, cosh ny + {z + 


which become 


_2, cosh (ny + ¢) + Z sinh ny 
cosh $ 

»  Zycosh (ny — $) + Zsinh ny 
Yn = cosh $ 


(15) 


[Z, + Fla — )][H(a — b)] 


on rearranging and writing tanh ¢ = a — d/(2Zp) and 
Z2 = Zi — }(a — b)?. In the above, from (6) and (7), 

_ t’) _a+b (= >) 
cosh y = 1 + (* 9 g and Zo = cosh y — 1)" 
Using these expressions and those of (14), it follows that 


Z? = ZZ; = 225 
Z sinh $ = 4(Zy — Zi) 
Z cosh y cosh $ = 4(Z, + Zy) 


and the solution is identified with that given by Bartlett. 


and 


SECTION 5. 


Consider now a chain (Fig. 9) of resonant links, 
each link of total resistance R, inductance L and 
capacity C, coupled with the adjacent links with mutual 
inductance M. 


The impedance Z,, from which the current J, in the 
last link is to be found from the e.m.f. E induced in 
the first link, can be represented vectorially in an 
illuminating manner. 

From the solution (12) 


Z _ jwM sinh (n + 2)y 
ai sinh y 


1 
where cosh y = and Z = R +j(oL — 5) 


2wM' wd 


For the case of the single link or oscillatory circuit 
n=0 and Z, = Z with a vertical straight-line locus 
distance R from the origin. 

With two links, n = 1 and, as has been found in 
Section 3, 


4, = 


2 
Tae M? + 2?) 
The locus of Z? is found as follows. 


1 y? 1 
2 pR ee See 
tae (wz =a) + j2R( wl +) 


sinh ny 
Zo | 
Br + He DIO — ANY sinh ny 
Zo 
Converting to Cartesian co-ordinates 
; ] 12 
— R? is 
ne (sz 20) 
1 
y = 2R( wl — =) 
Hence y? = 4R?(— x + R?) 
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Thus the locus is the parabola of Fig. 10 with pole O | numbers of links the following expansions are useful :— 
distance R? from the vertex V. As w increases from With m even 


a very small value, the point P moves from the extreme im + 1Sinh my mim? — 22) ‘ 
left along the lower arm of the parabola passing through | (— 1) sinh y = m cosh y — RT cosh* y 
2 _ 92) (m2 — 42 
+ ne cosh6 y E (16) 
With m odd 
Km —1) Sinh my o m-e he 
e a g 5a y 
2 — 12) (m2 — 32 
(m 19) (m l cosh*y — ..- (17) 
Fic. 10. $ 
V at resonance (w = wọ) and moving off to the left Thus with 3 anas Oe an di ae 
along the upper arm as w still further increases. OP Z = — jwM(4 cosh y — 8 cosh* y) 
represents Z, and if a new pole O, is found «w*M? to 2Z z3 
the left of O, O,P will be w2?M? + Ze, and if the whole = — wM {on + (wM)? . 
z? 
= — = g 18 
Z (2 + =p) (18) 


Fie. ll. 


parabola is turned through 90° and its scale divided 


Fic. 13. 
by wM it will represent Z,. The changes of w while 
resonance is gone through are generally small, so that With 4 links, n = 3 and m = 5, and 
the pole O, is practically stationary. Z, = jwM(1 —12 cosh? y + 16 cosh4 y) 
Za zi 
| f SOn (1 i TE + Aa) 
A (5, 2 
= J — -a]l e. > o 9 
Jan fı + ¿aa (3 e an) (18) 
UY With 5 links, n = 4 and m = 6, and 
Z, = jwM(6 cosh y — 32 cosh? y + 32 cosh® y) 
2 Zt ) 
Fic. 12. | _ z(3 o TE + gigi 
| z? z2 sð 
This parabola construction can be applied quite = 443 + TE al + a) © « + « (20) 
generally to two coupled circuits whatever the type | a 
of coupling, even if the circuits are not quite in tune.* Writing n+2=m in the series, substituting 


To change the solution (12) into a form suitable | Z(2jwM) for cosh y and rearranging, the following 
for obtaining a graphical construction for larger | series are obtained for the impedance for any number 


* E, MALLETT: Proceedings of the Royal Society, A, 1928, vol. 117, p. 331. of links (n + 1):— 
n odd 
1 3 
(—1)H9+DZ, =joM| 1+ 7 o e 


Z? fn—1 n+] n+3 n45, 2 fn—3 n-1 n47 2 z2 iy i 
i ana a. a EN 2 4 tal taa) e 


nm even 
mz — z| 2+2 Z fn n+2 n+4 
10 M2n= a 2 tanl 4 6 
Z2? (n—2 n n42 n+4 nts ZB (n—4 n—2 nts z2 Z2 ) ] 
+o 2 4 6 8. ay an E ag aap Toe) f (22) 


NoTE.—The brackets at the end of these expressions are multiple. 
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It is seen from equations (18) to (22) that the locus of 
the impedance determining the currents in the last link of 
the chain is to be found, whatever the number of links, 
by vector operations involving only 2?/(w2M?) and Z. 

The locus of Z is the parabola of Fig. 10 with pole O 
distant OV from the vertex. Merely changing the 


scale by division of each ray OP by we will give a 
parabola Z?/wj (apVb, Fig. 11) with pole O distant 
RJ from mhe vertex V. If now each ray “ op” is multi- 


plied by welw, where w is the value of the angular 
velocity of the point “p” to obtain a point “ P,” the 
distorted parabola APVB is obtained, and this, with pole 
O, is accurately the locus of Z?/(w?M?). 

For instance, in the 3-link case, (equation 18), start- 
ing with the distorted parabola 2?/(w2M?), the pole must 
first be shifted 2 to the left, and finally each ray multi- 
plied by the corresponding ray of the line — Z. 
Fig. 12 results. 

In the case of four links (equation 19), the pole of 
the distorted parabola Z*/(w*M?) must be moved 3 to 
the left to obtain 3 + 2?/(w2M?) this must be multiplied 
by the parabola Z?/(w?M?), and the pole of the result- 
ing curve shifted unity to the left. Finally the whole 
figure is turned through a right angle and multiplied 
by wM, and Fig. 13 results. 

And so on, each additional link causing the ray OP 
to rotate through an additional 360° as w is carried 
right through resonance. 


APPENDIX. 


As an example, consider a chain of circuits each having 
‘inductance L = 2 000 pH, resistance R = 10 ohms and 
capacity C = 900 uF. Then w, = 0:745 x 108, and 
taking the coupling between each circuit as 42-4 uH, 
wM? = = 1 000. 

Ta Fig. 14 the locus of Z is drawn as the straight line 
on the right. 


Z=R+j{wL—1f(we)} 
=R+jL(w— woo +9) /w} 
=10 +42 x 10-3(w—0: 745 x 108){(w +0: 745 x 10%) fev} 


and from this expression the w values on the straight line 
have been filled in. For instance, O,P, represents Z for 
an w value of 0-735 x 108, 

The parabola Z*/(w2M*) is drawn next with the same 


pole O, from the expression 


R? K? 
a sl — me aan) 
= 0-4(—2+0:1) 


the w values being filled in from 


= oe w + oyl? 
z + 0-1 = Gf Llo — wo w )} 


Then the distorted parabola Z?/(w%M?) is obtained by 
multiplying each of the rays by the corresponding value 
of wo. OP, = Zlo? for w = 0:735 x 108, and 
O,P2 = O,P2 X 0: 745/0- 7135? = Zw*, From this dis- 
torted parabola and from the straight line the construc- 
tion for any number of links can be built up. In the 
drawing the construction is carried as far as four links. 

The impédance values for two links are obtained 
direct from the parabola. Since in this case 


1 
= — jwM{1 + Z7/(w*M)} 


rays are measured from a pole O, distance 1 to the left 
of O,, and are multiplied by the corresponding value 
of —jwM. Z, for w = 0-735 is given by — OP, XJ 
Xx 0-735 x 108 x 42. 4X10-8= —j x 2-04 0-735 x 42-4 
= 63-5 ohms with an angle of — 90° plus the angle 
XOP i.e. -- 90° — 120° = — 210°. 
For three links the formula is 


Z = — Z{2 + 2/(w*M?) 


The straight line has to be multiplied by the distorted 
parabola with a pole Og distance 2 to the left of O}. 
This results in the figure at the top left-hand corner of 
the diagram. The circles are inserted for convenience in 
adding the angles, while the-multiplication of the rays is 
done by slide rule without recording any figures. 

For instance, for w = 0:735 x 10% O,P, has to be 
multiplied by OP, and by — 1. The angle X "OP is 
made equal to the angle XO,P,, and the angle P¡OsP> 
equal to the angle XOP. Then P203 is produced to 


Pz, making OP, equal to the product of the lengths 
O,P, and O,P,. Thus Z, = 51 ohms, with an angle 
of 30°. 

For four links the formula is 


soi + alo a) 


The locus of —-—> 2 3 + a is drawn with pole O 
wm? wM? e 


in the middle of the page by multiplying the distorted 
parabola with pole O,, by the distorted parabola with 
pole Og distance 3 from Q,. 

Zy is given from this Aer by multiplying the rays 
from a new pole O, distance 1 to the lett of Oy by the 
corresponding values of jwM. 

For w = 0:735 x 106 (22/(w02M?)) (3 + 2*/(w*M”)) is 
found by multiplying the vectors O,P, and O,P,, i.e. by 
adding their angles and multiplying their lengths to give 
O,P,. Finally Z; is given by OsP, multiplied by jwM. 
In this case the modulus of Zs i is 3-9 x 0-735 x 42.4 
= 12-2 ohms, and its angle is 90% plus the angie 
XO5P4, i.e. 90° + 171% = 261°. 
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ANALYTICAL NOTES ON THE ECONOMICS OF POWER-FACTOR 
CORRECTION.* | 


By GEORGE F. MARSTELLER. 


(Paper first received 29th March, 1927, and in final form 9th January, 1928.) 


SUMMARY. 


The paper deals purely with the economic aspect of power- 
factor correction in transmission systems; it is not intended 
to bear on the subjects of voltage regulation or stability, nor 
is it concerned with the problem of power-factor improve- 
ment in electrical machinery. 

In brief, the losses in a transmission line supplying power 
to a load having a power factor less than unity can be reduced 
by power-factor correction at the receiving end, the most 
economical system being that in which the annual saving in 
the transmission-line losses due to power-factor correction 


shows the greatest margin over the total annual cost of the . 


plant installed to provide that correction. 


The author arrives at general expressions which give for . 


any particular case, on inserting relevant practical figures for 


various constants and basic costs, the most economical | 
degree of power-factor correction and hence the best rating ' 


of synchronous or other condenser equipment. 


To the author it seems that, so far, the majority of the | 


discussions and papers dealing with this subject, though 


valuable in themselves, have left us in a haze of inter- . 
esting and important generalities which, however, must : 
of necessity fail to answer specific questions in a specific : 


manner. 


It will be realized at once that it is impossible to 


cover the different, fundamentally typical cases in a 
single paper. 


the point of view of the 1?R losses only. 


List OF SYMBOLS. 


Let W = load at receiving end, in kilowatts. 
E = line voltage at receiving end. 


I, =.load current at receiving end at given 


power factor. 


I, = load current at receiving end at economic © 


power factor. 


cos dg = 
current. 


cos de = power factor at receiving end at economic ' 


line current. 

Ty = time load-factor, i.e. that factor which, 
multiplied by the number of hours per 
year, gives the total number of hours 
the load was carried. 


C = capacity of synchronous or static condenser | 


in kVA required to raise the power 
factor from cos gy to cos ġe- 


* The Papers Committee invite written communications (with a view to 
ublication in the Journal if. approved by the Committee) on papers published 
E th the Journal without being read at a meeting. Communications should reach 
the Secretary of the Institution not later than one month after publication of 
the paper to which they relate. 


The present paper is devoted to a study ' 
of the economic aspects of power-factor correction from ' 


List OF SYMBOLS—continued. 


Ly = percentage loss in complete synchronous- 
condenser equipment; that is 
Ly = (100 — efficiency), usually 3 to 7 per 
cent for synchronous condenser and 1 
to 1-5 per cent for static condenser.* 
` My = cost of power per kWh in pounds to power 
supply undertaking. 

My; = cost per kVA of synchronous condenser, 
plus necessary transformers (if required), 
switching and control equipment. 

Mo = operating cost of synchronous or static 
condenser equipment per year. 

M g = cost of building (if required) ; 

Pp = interest on same, expressed decimally. 

Mo = cost of condenser equipment; 

Po = interest on same, expressed decimally. 
M, = cost of additional lines (if needed); 
pı = interest on same, expressed decimally. 


. pp = sum of all interest charges, expressed 
decimally. 

My = annual cost of total losses in condenser 
equipment. 

My = total investment for power-factor correc- 
tion. 

Mpg = 8760T¡M, = yearly cost of energy, in 
pounds. 


S = annual earnings on total investment in 
power-factor correction, expressed as an 
actual sum. 

= (MpPg + Myp, + MoP; + Mo) sum of 
products of other items and interests 
thereon, if required. 
l = length of line, in miles. 

r = resistance per mile per conductor. 

R = total resistance of line and equipment 
per phase, plus resistance of condenser. 


power factor at receiving end at given line | F,, Fẹ Fg = arbitrary symbols, used for abbreviating 


frequently-repeated constants. 
8 760 = number of hours per year. 


The reader is advised to familiarize himself thoroughly 
with these symbols, so as to be able to recognize their 
meaning at sight. 


INTRODUCTION. 


The following discussion applies to single-phase and 
2-phase or 3-phase systems having balanced phases and 
practically constant load. 

The method outlined is applicable to very high- 
voltage systems of considerable length, and the degree 

* An additional definition of Lp is given on page 982. 


t 
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of accuracy of the results is comparable with that 
obtained for the usual electrical calculations, in which 
the line capacity is considered to be concentrated at one 
or more conventional locations along the total length. 
In most practical cases these approximate methods give 
figures within a few per cent of the mathematically 
accurate results based upon the actual distribution of 
the various electrical characteristics. ? 

Towards the end of the paper mention is made of the 
typical case in which the charging current causes the 
sending current to differ appreciably in magnitude and 
phase from the load current. 


DEVELOPMENTS, 


The annual saving in 12R losses due to the improved 
power factor is 


1 
M,T ¡E Rie ne x 
3MpT'18 760(Ig — Te) ¿PR (1) 


where evidently I,>I, The factor 1/103 is introduced 
on account of the I?R losses being expressed in watts, 
and M, is the cost per kWh. 

Now, for a bare justification of power-factor correction, 
we should at least make a profit on our investment equal 
to the interest paid on stable securities, and the invest- 
ment should at least be of sufficient duration to return 
our invested capital with a profit. From the standpoint 
of I?R losses, if it costs less (including the consequences 
of interruption) to convert the voltage to a higher one, 
thus reducing the I?R losses in proportion, power-factor 
correction alone would then also be unjustifiable. 

If power-factor correction becomes necessary or a 
good investment, then our annual expenditure 


MpPz+ MoPo + Mp, + Mi, + Mo ~ . (2) 


must offset (1) by an amount such as to guarantee not 


only the interest on our investment, but also sufficient | 


surplus to amortize our invested capital during the 
operating life of the equipment. 

Now, the Mp terms of (2) may, if required, be ex- 
tended to include other important items, which in turn 
may be lumped together wherever the Pp; interest 
factors are the same; or, again, these latter may be 


included in one of the terms above most suitable for - 


any additional items having the same total interest 
factor, 


It is important to notice that the total interest 


charge-factors, as p; for example, represent the sum of | 


all necessary interest charges which come into considera- 


tion, such as taxes, depreciation, obsolescence, market — 


interest, insurance, amortization, etc.; that is 


M=PB+PO+ PR... 


Great care should be exercised in the calculation of 
these total interest charges.* 

Local conditions would exclusively determine the 
limitation and application of the terms in (2). For 
instance, if an existing building is large enough to house 
a prospective synchronous condenser, a new building 
would become superfluous, and the term M BPB in (2) 


* For examples of depreciation rates, see Electrical World, 1923, vol. 81, 
Ppp.217 and 559, 


would obviously drop out. Similarly, the term My in 
(2) may be considerable, or negligible, or zero, depending 
entirely on the local and specific facilities or requirements. 


1000 W 1000 W 
= a SS ee - 3 
NON a (4/3) cos dy le (4/3)E cos de (3) 
2 2 or ( 1 1 ) 4 
hence (I; — Ie) = “SH? os $, od, $e - (4) 


and therefore the yearly earnings due to a reduction of 
the I?R losses"on account of an improved power factor 
become, from (1) and (2), 
a 1 ] 
UT z 8760 10 —, ) -0 


FẸ? cos? dy cos? de 
Therefore, from previous considerations, we have 
w? 1 1 
S = zz MpTy 8760 WO" ae -= z) 
— (4 + Mopo + Mr) . (6) 


We shall now attempt to express both Ma and My 
in (6) as functions of the condenser capacity C. 


EFG. 1. 


In Fig. 1, QR’ represents the capacity of the syn- 
chronous condenser required to improve the power 
factor from cos.¢, to cos de and for the annual cost 
of the condenser losses we have 


M,=L,T¡¿M,8760C . . . . (7 
From the figure, er | 
QT = (kVA), sin 6; TR’ = (kVA),sin d, . (7a) 
C=QR’=QT—TR’=(kVA), sin ¢,—(KVA),sin de . (76) 
Also, | 


W Ñ W 
= d (kVA), = 7e 
(EVA) = g and (VA) g (79 
Hence, from (7c) and (7b), we have 
W Wo. 
= gm AT Taed i TT ee . 1 
C =QR cos $, sin dy ood sing, . (7d) 


= W(tang,—tan¢.) . . . . (8) 
Therefore, from (7) and (8), we have 
M; = L,T¡M, 8760 W (tan dg, — tan d) . (9) 


From manufacturers’ data, or reliable curves plotted 
therefrom, we obtain that value of M, which covers the 
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required case under consideration, and from equation (8) 
and using M, we have 


M, = M,W(tan gd, — tan ġe) - (10) 
As sin? g + cos? ġ = 1, we have 
1 sin? $ 2 
cong Boag a a (10a) 


and we may write 


1 1 
(= dy — cos? z) == (tan? dy — tan? pe) 
= (tan d, + tan ġe) (tan dy — tan ġe) . (10b) 


Therefore, from equations (6), (7), (9), (10) and (10b) 
we can write 


w2 
S=—,M,T,, 8760 Irl08(tan? ¢,—tan? de) —p,M,,W (tan ¢,—tan de) —LpT 1M, 8760 (tan ¢,—tan ¢,)W—A 


E? 
Simplifying, we have: 


S = W(tan ġ, — tan dol { (tan hy + tan pd ario — Lp} 8760 TMp — Mpp: |— A 


Generally speaking, for numerical work it is easier to 
use equation (12) by finding the angles corresponding 
to the power factors, and dealing with the tangents 
thereof; that is 


1 | 1 
tan d = a — 1 Jand cos $ = V (tan? +1) A (13) 


or, more conveniently, the values may be obtained 
directly from trigonometrical tables. 

We shall now proceed to solve equation (11), or its 
equivalent (12), for tan ¢,, since, directly. or indirectly, 
some practical problems arise which would necessitate 
this operation in any case. Therefore the solution is 
given here for reference. 

In equation (11), for convenience, let 


F, = Wyk 8 760 10M, 


F, = Wp,M, 


(14) 


These arbitrary operators will be used in further 
developments. 'F, might be called ‘‘the line-loss-cost 
operator; ’’ F, the “*condenser-cost interest operator $ 
and Fg ‘‘ the condenser-loss-cost operator.’’ 

From equations (11) and (14) we have 


FP, tan? dp — F, tan? ġe — Fa tan q, + Fo tan ġe 
— F, tan py + F3tand,—-A—-S=0 


F, tan? ġe -- (FP, + Fs) tan de 
—[F, tan? 6, — (F+ Fs) tan $, — A — S]=0 (16) 
Equation (16) being a quadratic in tan ¢,, we get 


(15) 


tan de 


977 


This equation will result in two values for tan de. 
The root of the equation corresponding to tan ¢,>tan ¢, 
will obviously be discarded, and usually the conditions 
of the problem are such that it becomes no difficult 
matter to select the proper one of the two values of 
tan ¢, from (17). An illustration will be given later. 


NUMERICAL EVALUATIONS AND PROBLEMS.* 
Example (1). 
Let W = 12 000 kW 
E = 60 000 volts : 
Ty = 75 per cent = ? 


1 
M, = £0:01 = 102 
M, = £10 
l = 45 miles 
(11) 
(12) 


r=0:530 ohm per mile (No. 0 hemp-core 
stranded cable) 
cos @, = 0:65 
M g = £12 000; pp = 6 per cent 
M y, = £4000; p, = 10 per cent 
Mo = £3 400 
12 


Cc per cen 102 


5 
Lp = 5 per cent = To = (100 per cent — 95 per 


cent efficiency) 


(a) If we raise the power factor to 0-85, what will be 
the total investment and the annual earnings on the 
investment ? 

(b) How long. will it take to redeem the investment ? 

From (8) C = W (tan ¢, — tan ġe) 


cos dy = 0:65 .*. dy = 49° 27’ .*. tan dy = 1°16880 
cos de = 0:85 .*. Be = 31° 48’ .*. tan $, = 0-61962 


Hence C = 12 x 10%(1-16880 — 0-61962) = 6590 kVA 


Also : Mc = M,C = £65 900 
and McPo = 65 900 x a = £7 908 
6 
M g?g = 12 000 X Toe 720 
Mıpı= 4000 x >= £400 
LP! = 102 — d 
and Mo = £3 400 
Therefore A = £4 520 per year. 


* The numerical values were originally computed in dollars, and, to save 
time, the initial and final values were changed to pounds and must therefore 
be considered to be purely illustrative; since British prices may differ frem 
the American figures. 


_ (Py + Fy) + vila + Pa? + 4F fF, tan? dy — (F, + Fo) tan dy — A — Sy] 
| 1 


= [ea + Fo de Y AP, + Pal + AF, { tangali tan dy — To — Fa) — 4 8) |  - (17) 
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(tan ¢, — tan de) = 0:54918 
(tan dy + tan d,) = 1-78842 
we have, by substituting in equation (12), 


- Since 


and 


12 x 103 


S = 12 x 103 x 0-54 78849) == 
| x saors (1-78842) 78 


= 6 590-16| { 1-78842 oa 


The total investment was 


M1 = (65 900 + 12 000 + 4000) = £81 900 


(b) The time required for the redemption of the 


investment 
81 900 


ano 2 years, 2 months, 8 days (nearly) : 


Example (2).—If in example (1) the power factor had 
been raised to unity, (a) What total investment would 
have been required, and (b) what would be the annual 
profits ? 

Here, tan ġe = 0; that is, cos ġe = 1, and from the 
previous solution we have tan q, = 1-1688. 

Therefore C = W tan d, = 14026 kVA would be 
necessary. 

Mc = M,C = £140 260 


2 
Mopo = 140 260 x 5 = £16 831 


x 23:85 x 10° — sa }8 760 x 4 3 x ioe 


Therefore, we shall proceed to find a general expression 
which will give us definite numerical information con- 
cerning the maximum efficiency of investment, or, what 
is equivalent, the most economical power factor, within 


. _ 10x 12 
— 452 
| ne 


5 
"ea m ee e — 1 e 9 -— 4 520 
102 =a} oor | 


= 65-9016[ (9-163) x 65-7 — 1-2] — 4520 = £35 079 


the limitations and generat conditions assumed in this 
paper. - 

For this purpose we may now differentiate the ex- 
pression in equation (11) for S with respect to the 
variable tan ¢,, and thus find the maximum value of S 
from the expression 


ds 


duna? 


Equation (16) being identical to (11), and since the 
former is in more compact form for differentiation with 
respect to tan ġe, we have | 


S = — F, tan? d, + (PF, + Fs) tan ġe | 
+ {tan?d, — (F, + Fo) tand, — A} . (18) 
The maxima and minima of a function not being 


affected by its constant terms, as in the square brackets 
above, we have, by differentiating (18), 


For comparison, let A remain the same as before. as = —9F.t RLF 19 
From equation (12) we have d tan hs ¿tan de + (Fa +F) | (19) 
12 x 108 10 x 12 | 
= 3 eae E , == 452 
S = 1-1688 x 12 x tosl { (1° 1688) 55 108 * 23:85 x 10 73 } 8 760 xx Ta TE | 0 


= 14 oze| (or) mi 1-2 | — 4520 = £36 032 


10? 102 
This, as will be seen, is a relatively poor investment, 
since it totals | 


My = (140 260 + 12000 + 4000) = £156 260 


and the annual earnings are actually less than in the 
former case. 

Example (3).—Suppose, however, that, due to the 
larger size of synchronous condenser being required in 
example (2), we have M, = £9 and L, = 4 per cent. 
Under these conditions 

ary 7—1: os | 


= 14 oze {> Shiela 
— 4520 = £44 094 


Mo = M,C = 9 x 14026 = £126 234, and the total 
investment would be My = £142 234. 
But, even if M, and Lp remain the same as in 


example (2), that is, M, = £10 and L, = 5 per cent, 


we might have selected a power factor which would 
have given us the maximum annual return on the capital 
invested. This, in fact, is the true definition of the most 
economical power factor. 


Equating to zero, 


0 = — 2F, tan d, + (Fa + Fs) (19a) 

Fs + F 
Therefore tan de = oF : (20) 

= E: COME 20 
e” PEER 7] (20a) 
E i 

2F, 
— 20b 
= t raar O O 


For numerical work the operators F, F and Fg are, 
preferably, evaluated first and then substituted in (20) 


to give the required value of cos ġe, i.e. the most 


economical power factor. 

However, in order to observe how this power factor 
depends upon the various separate quantities involved, 
we shall use equations (19) and (20); and the triangle in 
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Fig. 2 will also aid us in permanently visualizing this 
relationship. 

Using the values of the operators F, F, and F3, and 
recalling that Mg = 8 760 e we have, by (19), . 


a a) > 
| 4W*(M g10%r)? 
— E?(p,.M;, E M Lp) 
Ao tan de = — SWM iir (22) 


Equation (21), or its more easily workable form (22), 
becomes thus by far the most important equation we 
have yet developed. In order to ensure its general 
application, and better to appreciate the limitations of 
its usefulness, some further discussion of its results is 
desirable. | 

From (10), C = W(tan $, — tan de). Using the value 
of tan ġe given by (22), we have also for the most 
economical condenser capacity 


= E*(p,M,, + ee | 
= w| tan $o — — MIO 


Evidently, where tan Ge is greater than or equal to 
tan ¢,, this expression gives a negative or zero value for 


(23) 


the most economical condenser capacity. For such 
cases it is obvious that no synchronous or static con- 
denser is economically justifiable. Equation (22) may 
also be written | 


tan $s = 27M x 10 ed 


Also, for a 3-phase system we may write 

E pM), T e) (23b 
(4/3)IR cos $¿N 2Mg x 108 / * 
For a 2-phase system we have 


2IR cos ¢,\ 2Mz x 108 


tan de = 


tan de = (23c) 

By means of the equations given above, definite 
answers can be given to a large number of questions 
relating to this aspect of power-factor correction. 

In the foregoing it has been assumed that M, and 
L, the cost per kVA and percentage losses respectively 
of condenser equipment, are constants. In practice this 
is not so, but it is usually possible to make a reasonable 
preliminary guess at the range of condenser capacities 
likely to include the most economical size. Probable 
values of M, and Lp are therefore assumed and the 
calculations made, thus arriving at a first ‘approximation 
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to the condenser capacity required. On this result a re- 
estimation of M, and Lp can be made, and the equations 
once more worked out. After one or two such re- 
calculations the results will be as correct as the nature 
oí the problem requires. 

The following will amply illustrate this general 


method :— 


Example (4).—Using the same values as in example (1), 
find the most economical power factor, taking into 
account the non-constancy of M L; and L, in the manner 


discussed above. 


We have 


(tan $, — tan de) = (1-1688 — 0:62) = 0:5488 
".C=12 x 10% x 0:5488 = 6 586 kVA 


Suppose the manufacturers’ data or curves show 
values of M, and L, corresponding to 6 586 kVA, or the 
nearest standard size, if M,= £10 and L, = 5/10? 
= 5 per cent. Using these last two values i (22) we 
get tan ġe = 0:4293. Using this value for tan d, in 
equation (23) for O, we have C = 12 x 10% (1:1688 
— 0:4293) = 8874 kVA. Suppose, however, that the 
manufacturers’ data for this size show M, = 9-70 and 
Ly = 4:6 per cent. Applying these latter values in 
(22), we get tand, = 0:4007 (nearly). Therefore 
de = 21° 50’; and hence the power factor desired, or 
cos 21° 50’, = 0-93 (nearly). 

This simple process can be repeated until the desired 
degree of approximation has been attained. 

Equation (22) clearly shows how much the angle ¢, 
depends upon the voltage E at the receiving end; it 
exhibits the exact proportionality between a decrease 
of the angle of lag, that is to say, a justifiable increase 
in economic power factor, with the load, load factor, 
and cost per kWh. Theoretically, increasing any one of 
these factors indefinitely would always justify a power 
factor of unity. Practical considerations, such as 
regulation, etc., evidently make such a condition an 
engineering impossibility. 

Example (5).—Referring to example (1), find (a) the 
power factor to which we must raise the original power 
factor to give the greatest annual earnings for a minimum 
required investment; (b) what these annual earnings 
will be; and (c) compare with example (3) for M, = 9-00 
and L, = 4 per cent. 

From (22) we have 


(a) 


5. 3 1 
8 —_ 
36 x 10 (10x ¿4 +8760x px 0) 


tan $, = i 
2x 12 x 108 x x 45 x 0-53 x 8 760 x 10° x 3 


_ 120 + 15 x 21-9 
23°85 x 43°8 ; 
*. be = arc tan 0-4293 = 23° 14” 
.*. power factor = cos ¢, = 0-91891 = 0-92 
(6) Also 
(tan $, + tan $.) = (1:1688 + 0-4293) = 1-5981 
(tan dy — tan ġe) = (1:1688 — 0-4293) = 0:7395 


= 0-429 
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Therefore 
C = 12 x 108 x 0-7395 = 8 874 kVA 
Mo = M,C = £88 740 


Since the power factor = cos ġe = 0:9189, we have 


1000 x 12 x 10% 
(4/3) x 60 x 103 x 0-9189 
= 125-8 amperes per phase 
R’Q = total resistance-drop = 45 x 0:530 x 125:8 
= 3000 volts + 


S'Q = total reactance-drop = 45 x 0-770 x 125-8 
= 4 359 volts + 


de = 23° 14”; cos d, = 0:9189; sin d, = 0- 39448 
T'S’ = 4 359 + 60 000 sin d, = 28 228 volts; 
OT’ = 3 000 + 60 000 sin ¢, = 58 134 volts. 
= y[(28 228)? + (58 134)2] = 64 500 volts (nearly) 
Therefore the regulation 


_ 64 500 — 60 000 
g 60 000 


Hence 


I = 


== 7-5 per cent 


From the data given in connection with example (1) 
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Example (8).—If the time-load factor Tzr in example (5) 
were to be decreased by 20 per cent, what would be 
the desirable power factor for the given line and given 
data ? 


Original Tz = 0:75 
55 
Ty = — 0:20 = = 
new Tz = 0:75 — 0-20 = 0-55 107 
5 1 55 
108( aH x 758) 
36 xX 10x 2 +8 760% Tx 102308 
tan de = a 
2x 12x 108 xx 45x 0- "53x 8 760 x 10x 53 
1 087:2 
Hence, 
de = 25° 19’ +. cos e = 0:9036 = 0°90 (nearly) 


It will be seen that a decrease of 20 per cent in the 
time-load factor justifies a decrease of only about 2 per 
cent in the power factor, and the capacity of the syn- 
chronous condenser for this purpose need be only 


C = 12 x 103 x (1-1688 — 0-47301) = 6 958 kVA 
instead of 8874 kVA, showing a decrease of nearly 


and equation (22) 20 per cent. 
| 1-5981 x 12 x 108 5 3 1 10x12 
S=12 x 1 . ee 103 — — $8 Ss |— 452 
12 x oP x 0-7396[ OS x 23-85 x 108 TE 760 x 7 X o or |- 520 
= se ( A A -2) — 4 520 = £40 402 


(c) If we had taken M, = £9 and L, = 4 per cent, 
as in example (3), by comparison we should have 
S = £46 138 and M, = £95 866, thus showing the great 
saving obtained by using the most economical power 
factor. 

Example (6).—Referring to the economical power 
factor of the previous example, find the regulation 
when the relatively small effect of distributed capacity 
is neglected. 

Let the horizontal spacing of the line conductors be 

approximately 6 ft., giving an inductive reactance at 
60 cycles of about 0-77 ohm per mile. 
, At a power factor of 0:65 the regulation would be 
12 per cent. Due to the capacity effect, however, the 
regulation in each case would be improved by a few 
per cent. 

Example (7).—If the receiving voltage E in example: (6) 
could be made only 58 000 volts, what would be the 
most economical power factor, all the other data re- 
maining the same? 

‘Since all the other factors remain the same, we have 
by proportionality 

tan Pe _ 


tan be E? 


582 
.*. tan de E 0- 4293 = 0-40114 


.". de = 21° 52’ (nearly) 
Therefore the desired power factor would be 


cos de = cos 21° 52’ = 0-92805 = 0-93 (nearly) 


Example (9).—It is decided to invest just sufficient 
capital in a prospective equipment for power-factor 
correction to ensure, if possible, a minimum annual 
income of £24000 on the investment. £5000 is to be 
spent on a low-tension equipment; £7 000 is to be spent 
on a light building; no additional line is required and 


, 


147) 


© 4359 — 


Lo) 


-—»>/=125-8amps. 


esta E 


Operating expenses are to be about £3000 per year. 
The data are the same as those used in example (1). 


(a) At what power factor must the line be run to earn 
at least £24 000 per year on the investment? 
(b) What size of condenser is required ? 
(c) What is the cost of the condenser equipment ? 
(d) What is the total investment? 
(e) How long does it take to redeem the invested 
- capital? 
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Since the present power factor is 0-65, we assume 
first that a power factor of about 0-75 will be required 
to earn £24 000 a year on the investment. 

From manufacturers’ data we find values for M, and 
L, which would correspond to a machine of a size 


C = 12 x 10%(1-1688 — 0-88213) = 3 440 kVA 


or the nearest standard size. 
Lp = 5 per cent. 

Since no transformers are needed, as the machine is 
to be operated on the low-tension side, the term M, 
= £10 would, of course, only include the condenser 
proper, and all necessary switching and control apparatus 
required for the operation of the condenser. Similarly, 
Lp would represent just the condenser losses but no 
connecting-line or transformer losses. An additional 
expenditure of £5000 on low-tension equipment has 
already been mentioned, on which we allow, say, 10 per 
cent total interest. 

Therefore 


Suppose M, = £10 and 


A = (MiP + My + 5000 x 37) 


= (7 000 x g + 3 000 + 500) = £3 920 


Next we find the value of the operators F,, F,, F} 
from equation (14), as follows :— 


144 x 106 1 
F, = —_—_—_— 23-8 
Fi = 36x 108 x 4 X 23:85 x 8760 x 10° x 37 
= £6-868 x 104 
10 x 12 
5 1 
F., = 12 103 8 6 — —=_ ° 4 
3 X 103 x 8760 x 5 X gg = 3-042 x 10 


The advantage of expressing all the numerical values 
of the operators with the same multiple 104 will become 
more obvious in the following calculations. 

Substituting these values in equation (17) we get 


10-4 -(0-12+3-942) 
tan $. = 256-068 10-4 


would make our original assumptions of M, = £10 and 
Lp = 5 percent diverge so much from the manufacturers’ 
data corresponding to the assumed original value for C 
that the numerical results would be very questionable. 

We therefore take the value of tan ġ, = 0-842, and 
hence 


(a) de = 40° 5’; therefore cos 40° 6’ = 0-765; that 
is, a power factor of nearly 0-765, or nearly 

. 12 per cent more than the original. 

(b) C = 12 x 10%(1-1688 — 0-842) = 3 922 kVA. 

(c) My = M,C = £39 220. 

(d) Total cost = (39 200 + 7 000 + 5 000) = £51 216. 

(e) Approximately 2 years, 1 month, 19 days. 


Attention is again called to the proper application of 
the values of My, Lp and pi My is defined as the cost 
per kVA of condenser equipment and would include all 
high- and low-tension switchgear, if required, control 
boards, etc. 1f step-down transformers are needed, 
their cost must also be included in the term My, and 
for the same reasons the transformer efficiency (or 
rather the corresponding losses) must be added to the 
term Lyp. 

Again, if the total interest p; should be different for 
the different items included in My, then in the equations 
where My and p; appear as a product, p, must represent 
the mass-average interest on all the items. 

If three major items enter into the condenser equip- 
ment the proper value of p; is found as follows :— 


Item (1) £100 000 at 12 per cent = £12 000 


(2) £5000 at 8 percent = £400 
(3) £30000 at 6 per cent = £1 800 
Total £135 000 £14 200 
14 2 
Then p; = aa = 10:5 per cent and not 


3 (12 + 8 + 6) = 82 per cent, as is sometimes done 
erroneously, with consequently serious results. 


pde 12+3-942)2x 10344 x 6-268 x 104 1-1688(6-268 x 1-1688—0-12—3-942)10%— (0-3024+2-99104) | 


(4-062 /42- 123) = 


O 124+3-942)104+ 4/(4- 062)? x 105425-072x 10#{ 1- 1688(3- 264) x 101—2- 792x108] 


4°062+6-495 
12-536 


=>. 5 
~~ [10tx4. 062+ 4/108 x (16-5-+4+ 25-072 x 1-022) | 
=. T 
= ——[4-062 16: 5+25- 623) | = 
uml +y/(16:5+25-623)] 12- a 
= +0°842 or —0°115 


It is obvious that the negative value of tan ġe is 
inadmissible, as it would make the condenser capacity 
more than the reactive power component of the total 
energy, i.e. C = 12 x 10% 1-1688—(— 0-115)| = 15 400 
kVA. This would introduce a leading current and 
make the total cost prohibitive, since the total reactive 
component at a power factor of 0-65 is only 14 000 kVA. 
It is also to be noted that this value of 15400 kVA 


If a condenser of 10000 kVA capacity had been. 
required, we should have had 


135 000 
| z = 0000 ~ 1% 
and hence 
10°5 
pM, = 13-5 x Too 1-42 
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Some consideration should now be given to the 
proper interpretation of the term Lp, which was defined 
as the condenser loss. As a matter of fact, it should 
be made to include all losses due to the corrective 
equipment, provided they are expressed in terms of the 
condenser rating. 

Assume that we have a 6000-kVA synchronous 
condenser of 97 per cent efficiency; a 300-kWh exciter 
of 88 per cent efficiency, and 3 single-phase transformer 
banks of 2 000 kVA each and 97-5 per cent efficiency. 

Then, in terms of condenser rating, we have:— — 


Condenser loss .. . 3 per cent 
Three single-phase transformers loss 
2 000 
= 2 s PA ee e 2 s 
3x25x 6 000 5 per cent 
0:12 x 300 

Exciter loss = ——— 0» 
| xciter loss 6 000 0-6 per cent 


Therefore total loss = 0-03 + 0-025 + 0:006 = 6:1 
per cent = 61/108, and this is the value to be used for 


MM 


: / l ve : o 
CEA L 
e Ke 90° J Z A ——— S y 
anys A Bn O 
S’ 


Fic. 4. 


Lp in our equations. This could be extended indefinitely 
to include every type of loss. 

In conclusion a few remarks concerning the application 
of the economic power-factor correction as applied to 
high-voltage long-distance systems of appreciable charg- 
ing current may be of advantage. 


Fig. 4 is given to show that, in order to apply our 


power-factor equations to the case of high-voltage lines 
of considerable length, we must first calculate the 
charging current J, from tables of line characteristics 
and, in combination with the required or given load 
current S'O, calculate the line current S’L, since in the 
copper losses J*R, I is the line current. Similarly as 
regards the expression for W, which in the case of 
3-phase lines is W = (4/3)EI cos dg, we must use for I 
the line current S’L and for cos ¢, the cosine of the 
angle between the calculated line current and the 
receiver voltage H, These values of J, E, and cos dy 
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as well as W, are applicable to our power-factor equa- 
tions and would give as close an approximation as any 
of the various methods which are based on the assump- 
tion that the capacity is concentrated. This method 
very frequently checks with practical and actual condi- 
tions more closely than is generally suspected, except, 
of course, in very high voltage and long lines. The 
same reasoning applies to the angle ¢, shown in the 
figure, and this angle should be used for tan ¢, cos de, 
etc., in combination with the line current S’L’ shown in 
the figure. i 

Given the angle Os, the load current SO, the receiving- 
end voltage E, and the electrical line characteristics, 
any of the desired quantities can easily be calculated 
by ordinary trigonometrical methods. | 

Figs. 5 and 6 are given more to show the general 
relative trend of some costs than specifically to illustrate 
any one particular problem arising in practice. They 
show the general trend and relative cost of 2 300 V 
static and synchronous condensers, and also the cost 
per 110 000/2 300 V single-phase transformer. The curves 
cover a considerable range in size of condensers and 
transformers and in actual practice a smaller range 
is usually all that is required. In any case, the manu- 
facturer’s sales department should be asked to supply 
the latest and most reliable costs of condensers and 
transformers, if required, as well as of other auxiliary 


Cost per kVA 


100 200 
Rated capacity of 2300V condensers 
Fic. 5. 


switching apparatus or control boards. The costs for 
the particular voltage and frequency should then be 
carefully plotted in order to determine the values of M, 
as accurately as possible. 

In a similar manner, curves of efficiency, or rather 
losses, corresponding to the cost-range of the condensers, 
transformers, exciters, etc., should also be plotted to 
obtain the true value of Lp, where Lp is the sum of all 
the losses expressed as a percentage (in decimals) in 
terms of the condenser rating determined by the equa- 
tions and the method described above. 

When it is considered that the selection of the most 
economical power factor may mean in some cases a 
profit of many thousands of pounds per year, the time 
and cost of a painstaking analysis becomes trifling in 
itself, and the need for insistence on reliability of cost 
data becomes self-evident. 

_ The losses in static condensers are very nearly 0-5 per 
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cent of their total kVA rating when direct-connected. 
The losses in condensers connected to transformers are 
nearly 2 per cent of the total kVA rating. 

For smaller condensers, up to about 300 kVA the 


Single-phase S ET rating, in thousands of kVA | 
l 10 6. 


catered for by supplementary notifications giving 


percentage changes. 


The author hopes in due course to present other 


following costs per kVA for different standard voltages 
are approximately correct :-— 


Voltage .. . 220 V 440 V 550 V 
Cost per kVA .. £11 2s. £5 6s. £3 6s. 


It might not be out of place here to suggest that 
manufacturers should prepare and have available such 
cost curves for various equipments at various voltages, 
frequencies, etc. 
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Any price fluctuation could easily be | 


0-4 
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Cost: of single-phase transformer per kVA 


ry 
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papers dealing exhaustively with the analysis of variable 
loads and power-factor correction from the standpoint 
of increased load-carrying capacities of the line, and 
other problems. 

The cost data were prepared for the author in 1926 
through the courtesy of Mr. D. E. Walch of the General 
Electric Co., New’ York, and the curves were plotted 
from those data. The author’s thanks are also due 
to Mr. P. J. Ryle for valuable criticism and suggestions. 
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—HIGHFIELD: ADDRESS TO THE MERSEY AND 


ADDRESS TO THE MERSEY AND NORTH WALES (LIVERPOOL) 
STUDENTS’ SECTION 


By J. S. HIGHFIELD, Past President. 


“SOME COMMERCIAL CONSIDERATIONS IN 


ENGINE ERING.” 


(Address delivered at LIVERPOOL, 29/h November, 1927.) 


Any address to Students should supply a source of 
inspiration, no matter what the theme. There arise 
memories of my own college days. This period of a 
man’s life is often the happiest he may ever experience, 
and in recalling those days it is interesting to review 
the part that the work done at college plays later 
on. None can determine in early life the course of 
his future. One man may spend his after-college days 
pursuing intricate and exacting problems in pure science; 
another may serve an equally exacting life in designing 
machines; yet another in directing other men to trans- 
form laboratory results or clever designs into a vast 
commercial process or mass-production output. Others, 
again, may build bridges or ships, or drive roads or 
construct great buildings, drain or irrigate square miles 
of country, re-direct the course of rivers or drive tunnels 
through mountain ranges. From the thermionic valve 
to the turbo-generator, from delicate precision instru- 
ments to works involving the moving of thousands of 
tons of earth—such is the range of outlook before you 
as engineers. Truly it is a noble calling, a fair field for 
enterprising youth. Those of you who are fortunate 
enough to enjoy a college training will find that one of 
its chief advantages is that it gives you time and en- 
couragement to ponder over this realm of engineering 
enterprise, to discuss with your fellows all the manifold 
opportunities offered by the noble profession you have 
chosen, and to have your thoughts helped and directed 
to this end by older men. These men varied in my day 
in their powers of exposition, in their attractiveness and 
ability. 1 expect they vary much the same with you, 
but looking back I remember none who did not earnestly 
try to help me with kind sympathy, sound teaching and 
ready advice, and again I expect it is much the same 
to-day. 
happy breathing space before: you are launched into the 
exacting duty of earning a living, into a world in which 
you are paid mainly for what you produce, into a com- 
bative, a competitive and very crowded world where 
many of the standards by which you are measured in 
college appear to count for very little. The specialist 
standards, however, may count for a good deal; some- 
times they constitute a hidden danger. A student may, 
for instance, be expert in chemistry or physics and may 
have concentrated on research. He may be chosen to 
fill a position in a works laboratory for this special 
reason and will thus at once be launched into a narrow 
specialization of work and may, in consequence, never 
have a chance to develop in any other field. He may, 
of course, become supreme in this limited field, but the 


It is well for you fortunate ones to enjoy this - 


prizes in this direction are few and the blanks many. 
Nevertheless it is true that, unless a man is a real 
specialist in some one thing, he is not likely to gain 
much success, for the great works in engineering are 
accomplished by many hands and each is valued for 
what he can do a little better than his fellows. 

I have had in mind so far those Students of the 
Institution who have enjoyed the advantages of a 
college education; there are, however, many others. 
These have for one reason or another gone direct from 
school into active work. It is doubtful whether anyone 
would gain if every man spent the years from, say, 18 
to 21, at college; it would mean an enormous loss in 
the national output of most of the necessaries of life. 
The object of a college course is to enlarge this output 
by training a few men to the end that they may, by their 
knowledge as leaders, increase the total output. 

You do not go to college to learn how to get rich, 
you go to learn how to help enrich your country. Often 
you will find that, in the making of money, college men 
are less successful than others. In life a few men 
without special training will come to the fore by native 
ability; let no man deplore the fact that he spent three 
years in active work and not at college. The great 
advantage of Studentship of the ‘Institution is that it 
gives many of the advantages of college training; it 
gives opportunity for exchange of ideas, opportunity to 
study and dwell on the vast field of engineering enter- 
prise; it enables men of different training to learn from 
each other. Again, the Institution, by offering money 
and other prizes, directly encourages the writing of 
papers. To write a good paper requires not only a 
generous store of knowledge but the steady application 
and skill necessary to present the subject in an under- 
standable form. The gaining of a prize often marks a 
definite step forward. The constitution of the Students’ 
Section allows almost complete autonomy and thus 
enables you to learn the priceless art of working in 
collaboration with your fellows to gain a common end. 

Again, seeking back over the years for what was 
useful I am sure that a certain manipulative skill is 
almost essential and that practice in the constructive 
arts should be carried to a reasonably high pitch. 
Faraday and Duddell, not to mention earlier engi- 
neers such as Maudsley, Watt and Stephenson, all 
possessed: the art. Without such skill it is difficult to 
devise any new appliance and difficult also to show 
other men how to perform their work. I assume that 
you all know how to work your hardest; it is then 
desirable, in fact necessary, to think to what end. This 
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applies particularly to new work. I remember John 
Hopkinson’s wisdom in this respect. He was willing to 
help and encourage any research directed to run to 
earth any new scientific game no matter how remote 
the utility of the quarry when found might appear to be. 
He was equally ready to follow research tending to the 
more accurate determination of constants, such as the 
exact e.m.f. of a standard cell, the determination of 
critical temperatures or the like. You never know what 
important results may arise from such seeming tri- 
vialities: argon and neon were thus discovered. 

On the other hand, I remember once suggesting that 
the pressure on a projected electrical distributing system 
should be raised from 230 to 240 volts. Hopkinson 
said: “ To what end? It is not interesting, it is no 
more than a trifling economy and it differs from neigh- 
bouring systems. Never try an experiment when only 
a dull and unimportant fact can in any event emerge.” 
I do not, of course, pretend to remember the exact 
words of my old master but I have conveyed, I hope, 


the exact sense, which is as clear to me to-day as when | 


he spoke. The lesson is for all. Before directing your 
own and other’s efforts to any end make sure that the 
end is worth while; be sure that the standard of ex- 
cellence you seek to attain is a useful standard. The 
difficulty of setting up a sure standard, of providing 
yourself with a true measuring-rod of attainment, is by 
no means easy. 

In old steam engines you will see the valve gear 
beautifully shaped and decorated, clear evidence of the 
delight of the craftsman in his work. Although such 
decoration is not wasted it would be altogether out of 
place in a modern motor-car engine, the product of 
mass production. In that design, however, which will 
be repeated many thousand times, clean, fair lines with 


all parts perfectly accessible is the equivalent of the old 


craftsman’s artistry. 

You should study the difficulties introduced by mass 
production and, first, it is desirable to realize exactly 
what the term means. The object is to produce and to 
continue to produce articles of exactly the same size, 
shape and quality. The quality admits of exact ascer- 
tainment only in a relative degree. Metals, such as 
certain qualities of steel, bronze, aluminium, etc., can 
be produced in nearly steady quality in almost unlimited 
quantity. Other materials, such as cement, glue, wood 
and rubber are more difficult to procure of uniform 
quality. The shape of the article, which is a similar 
property to size, can be only approximately exact. 
The degree. of exactness determines the number of 
rejections and, consequently, determines the cost. If 
one-half of the articles produced are rejected because 
they are too large or too small, the labour cost is exactly 
doubled. Consequently, before setting the limits of 
accuracy, the quality of the available labour: must be 
estimated and then proved and the limits set according 
to the cost that may be incurred in producing the part 
_ to be manufactured. The greater the degree of accuracy 
sought, the greater the difficulty of obtaining labour 
and hence the greater the cost. 

You will realize, I am sure, that I use such examples 
to show that any engineer engaged in directing, even in 
a minor capacity, the operations of others must have a 


production. 


knowledge of human nature, of the varying quality of 
manual skill, of the aptitude of the average artificer to 
acquire new skill and the ability to assist him to acquire 
it. In, addition, he must have a clear idea about the 
cost of production and at least a rough idea of the 
econemics of the business in which he is engaged. 

In these days most men receive their share of the 
whole national production in the form of more or less 
regular pay, as salaries or wages. These are paid to 
them by the Government, Local Government Boards or 
by banks, insurance companies, manufacturing and other 
companies or private employers. The salaries and 
wages are, I submit, merely a share of the total national 
The receivers often hold that their share 
is insufficient and, on the other hand, those who pay 
often hold that the share is too large. The fact is that 
both at times are right and both at times are wrong. 
I have said that the wages and salaries are a share of 
the total national production. In principle this is 
correct; in common practice it is incorrect. The total 
production is the result of many separate enterprises, 
the prosperity of which varies from year to year, and 
generally those working in an industry which flourishes 
will receive a higher wage than those in an industry 
suffering bad times. I use the term “‘ wage ” not as an 
hourly or weekly payment but as a continuing average 


payment Over one year or more. 


To show what share of total receipts is available for i 
wages and other payinents, I give on page 986 a table 


| from an Address which I delivered two years ago to the 


Junior Institution of Engineers. The figures in the 
table are so arranged as to show conveniently the relation 
between revenue, costs, turnover and other business 
constants as they vary in different classes of manufacture 
and production. You should note that in only two 
instances is there any safe margin of profit available for 
extra wages. 

I am speaking to you as leaders or future leaders of 
men. None can lead discontented men. It is an aid to 
content to realize that if you suffer hard times there is. 
some natural underlying cause and that you are not 
being robbed by somebody. An understanding of such 
figures as I shall show is necessary if you are to realize 
just what is needed to add to the prosperity of any busi- 
ness and so to increase your own and others’ welfare. 

Most of the troubles that have so severely dislocated 
our business since the War could have been avoided had 
there been a common knowledge of business constants, 
a common understanding of the methods to adopt when 
dealing with a contracting turnover. 

Consider the facts—or some of them. The world 
desired coal and ships, clothing and food. The demand 
was enormous and as a result prices soared. Coal, for 
instance, was sold to Italy and France and other 
countries at very high prices. All wages in this country 
were increased in similar proportions. Immense profits 
were made but the excess profit tax took the greater 
part, which was used, in part at least, to redeem the 
National Debt. The result of this immense business at 
high prices was a great expansion of capital values— 
houses, plant, ships and factories changed hands at 
prices far in excess of their original cost. This could not 
last long in a world impoverished by the War. Our 
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customers perforce restricted their purchases at the high 
prices ruling; some of them, such as France and Italy, 
took steps to avoid buying our coal by developing their 
own water power. There followed a restriction of out- 
put which led to a fall in prices; unemployment, that 
worst of evils, became rife. Profits fell, the amount 
available for paying wages fell, the resultant reductions 
in wages caused strikes and stoppages, which, of course, 
still further reduced the waning prosperity. The worst 
year was about 1921. Since then, in spite of the strike 
of 1926, there has been improvement in the general 
trade of the country. Itis interesting that this improve- 
- ment-owes much to the newer industries such as artificial 
silk, motor-cars, and electrical production. There seems 
little doubt that the protection provided for some 
industries has been beneficial. The motor trade is an 
outstanding example of a trade in which the output has 
been increased both for home use and export; the 
quality has been improved and prices in both home and 
foreign markets have decreased. 

It is interesting at this stage to examine a few figures. 
I have abstracted the figures from the Board of Trade 
returns for the silk and artificial silk trades and for the 
motor industry. 

Here are the figures for the silk and artificial silk 
trades. The total value of the output was as follows:— 


1907 £5 176 000 
1912 £6 400 000 
1924 £19 784 000 
The figures for artificial silk only were:— 
Weight 
1907 .. Nil — 
1912 .. £550 000 3 000 000 Ib. 
1924 .. £10 450 000 25 500 000 1b. 


The weight of artificial silk (yarn, thread, etc.) ex- 
ported during the past three years was:— 


1924 2 232 000 Ib. 
1925 . 2300 000 Ib. 
1926 . 1700 000 Ib. 


- The value of artificial silk manufactures (except 
apparel and embroidery) exported during the past three 
years was:— 


1924 £2 100 000 
1925 £3 100 000 
1926 £5 400 000 


It will be noted that the weight of exported artificial 
silk in 1924 was 6 350 000 lb. and of imported artificial 
silk 10 150 000 1b., and the revenue from customs duties, 
imposed as from the Ist July, 1925, was £1 400 000 in 
1925 and £5 300 000 in 1926. 

The figures for the motor industry, which are equally 
interesting, were as follows :— 

The selling value, including aeroplanes and parts, but 
excluding ordinary cycles, was:— 


l 1907 £8 150 000 
ý 1912 £16 000 000 
1924 £90 000 000 


The number of persons employed in the industry 
(inclusive of the ordinary cycle industry) was:— 


1907 53 600 
1912 92 000 
1924 200 000 


These are important figures when considering other 
trades. 

The value of the exports of cars, parts and motor 
cycles during the past three years was:— 


1924 £9 000 000 
1925 £12 300 000 
1926 £11 700 000 


I have not the figures for the total value of imported 
cars, but the customs duties received during the past 
three years were :— 


1924 £978 000 
1925 £378 000 
1926 £1 650 000 


The reason for the variations in the amount of the 
Customs duties is that the duties were stopped on the 
2nd August, 1924, and re-imposed on the Ist July, 1925. 

The above are two trades which show notable advance- 


ment, but unfortunately the advancement in these 


newer trades is paralleled by stagnation in some of the 
most important industries in the country such as agri- 
culture, steel and coal mining. There is not time in a 
short address to examine many figures and I can give 
you only a selection. The figures for exported steel and 
iron for the past three years are as follows:— 


Iron and Steel and 


Mamufactures thereof, 
Year. Weight exported. 
1924 74 000 000 tons 
1925 68 000 000 tons 
1926 55 000 000 tons 


The fall in the figures for artificial silk, motor cars 
and steel for the year 1926 was due, of course, to the 
unfortunate trade disputes which dislocated business in 
that year, the effects of which are still observable. 

I should like to give you rather more detailed figures 
for the coal trade, about which, at present, a good deal 
of nonsense is being talked. The broad reason why the 
coal trade is not flourishing is that the prices received 
are, in general, insufficient to cover the total costs of 
supplying the coal. The only remedy is to alter the 
methods of working and the methods of selling so as to 
decrease the costs and, where possible, increase the 
sales. In considering a decrease in the costs, there are 
two figures to bear in mind. One is the total cost and 
the other is the cost per ton. The costs are made up 
of overhead charges, which generally bear little relation 
to the output of coal, and other charges, which vary 
almost directly with the tonnage produced. It follows 
that if the output can be increased the incidence of the 
overhead charges will be reduced and consequently the 
cost per ton will also be reduced. On the other hand, 
if the market does not permit of an increase in output, 


988 HIGHFIELD: ADDRESS 


the only method of reducing the cost per ton is directly 
to reduce overhead charges, where this can be done, and 
by the use of machinery and other means to reduce the 
cost of winning the coal. 


TO THE MERSEY AND 


transport increases the cost of coal. You will, of course, 
realize that transport is the servant of the coal producer. 
The coal, where it is mined, is saleable only in very 
small quantities, and it depends on transport to add to 


Customer 
; 1913 

Domestic 33-5 
Gasworks E% 16:7 
Electricity works .. : 4:9 
Railways, for locomotive use 13-2 
Bunkers for coastwise vessels 1-9 
Coal mines .. 18-0 
Miners’ coal 5:8 
Pig-iron manufacture i i 21-2 
General manufactures and all other purposes si 68-6 

Total i 183-8 


Million Tons Percentage of Total 
1923 1924 1913 1923 1924 
33-50 33-75 18-2 19-9 18-7 
ad 15:37 16-66 91 9-1 9-2 
7°24 7°76 2:7 4:3 4-3 
13-33 13-51 7-2 7-9 7:5 
1-16 1:27 1-0 0-7 0-7 
16:85 16-58 9-8 10-0 9-2 
6°47 6:57 3-2 3:8 3-7 
14-42 14-04 11-5 8:5 7-8 
60-42 70°23 37°3 35:8 38-9 
168:76 180-36 100-0 100-0 100-0 


* Approximate figure only. 


The coal producer has little control over the selling 
price and in this connection it is important to consider 
to whom the coal is sold. First, in the home market, 
the figures were as shown in the table given above. 

Some of these customers must have the coal, no matter 
what, within reason, the price may be, such as electricity 
supply undertakings, gasworks, railways and domestic 
users. The cost of coal to these users is a relatively 
small part of their total expenses, and variations in 
price, within reason, will not make a very great difference 
in their consumption. To manufacturers, however, who 
take the greater part of the coal, the price at which it 
can be obtained is of paramount importance. This 
applies especially to heavy manufacturers such as steel, 
brick and cement making. In these trades a reduction 
in price will lead to a considerable increase in con- 
sumption. 

The other great market and, in a sense, the most 
important market for coal is the foreign market. Here 
the price is determined almost entirely by the force of 
world competition, which, at the present time, is very 


keen, the prolonged coal strike of 1926 having resulted. 


in a great increase in the output of foreign coal mines. 
It will probably take some years to regain a sufficient 
proportion of this market. 

Let us now examine the figures of cost in one of the 
coalfields and let us choose for this purpose that of South 
Wales which is the principal exporting coalfield in Great 
Britain, and which, unfortunately, is at present suffering 
from hard times. In the War period the normal working 
of the mines was dislocated. Thousands of the best 
men went to the War and a good deal of inexpert labour 
was drafted to the mines. These troubles may now, 
however, be said to be at an end and the present diffi- 
culty in the coalfield is not due to faults in the personnel. 
At the present time, owners and men are working 
together for the good of their trade. Unfortunately, 
they depend on many outside people, primarily on the 
transport people, and the present-day high cost of 


its value by conveying it to far-distant places where it 
is used. The figures of cost per ton are as follows:— 


1913 1927 

s d Ss d 

Wages .. a ds : 7 6ł 10 2 

Administrative staff .. 13 4} 
Rents and royalties 7 8 
Local rates 24 3 


Workmen's compensation ; 
health and unemployment; 


and welfare levy 2 81 
Wagons (repairs and renewals) de 23 
Timber, etc.; stores; coal 

and power purchased: and - 

sundries a “3 2 03 2 10) 
Depreciation 1 2 

Totals lls. 14d. | 15s. 6d. 


e a 


The above are the costs of the coal at the pit-head 
and you will note that the total increase per ton 8 
4s. 43d. The railway charges are as follows:— 


o o ¿5 1 ¿55 5 5 5 5 5 5 


1913 1997 
s d. Ss. d. 
Average railway conveyance 
rate to ports ; 1 0 1 9 
Charge for tipping coal into | 
vessel and weighing 22 71 
Wharfage or dock rate 2 3} 
Wagon hire .. : 6 9 
ARA 
Totals ` ls. 104d. 3s. 44d. 


AA A E 
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The above are the average charges for carrying the 
coal from the pits to the various docks. They include 
placing the coal on the shipping appliances and into the 
vessels without any additional charges being involved. 
There are, in addition, certain miscellaneous charges 
incurred on coal dealt with at the ports, and these 
charges increase the cost per ton of exported coal. 
Many of these charges are of post-War origin and have 
been instituted subsequent to the grouping of the many 
separate railways in South Wales. There are also 
charges on the vessel at (say) Cardiff, for instance, 
trimming charges; dock tonnage dues on vessel; light 
dues on vessel; pilotage; boating; towage; agency. 
These are included in the sea freight by the shipowner, 


Pit-head cost 

Railway charges 
Sundry charges 
Statutory dock charges 


Per ton aboard ship 


Add shipping charges 
(1) To Portugal or Mediterranean ports 
(2) To Northern Continental les 
(3) To River Plate 


Total cost per ton to foreign ports 
(1) To Portugal or Mediterranean ports 


(2) To Northern Continental ports 


(3) To River Plate 


but as they are high they affect the freight rate and 
therefore increase the cost to the consumer. Such 
charges on a vessel would represent about ls. 3d. per 
ton of coal for export, compared with about 9d. per 
ton in 1913. 

The above figures together amount to 20s. 14d., and 
represent the present total cost per ton of coal before 
it leaves the Bristol Channel ports. 

The statutory dock charges at the ports were, in 
1913, about 44d. per ton and in 1927 about 104d. per 
ton, an increase of 147 per cent. 

There are a number of other charges before the coal 
becomes finally a cargo aboard ship. These include 
screening; remarshalling the cargo; haulage charges on 
the dock lines and transferring out-shipped coal to 
storage sidings; tipping and weighing traffic other than 
coal; siding rent; wagon hire, etc. These charges are 
either new charges or, where they are old ones, they 
show increases oí 100 per cent and upwards. 

The result of these charges is further to increase the 
cost per ton of coal delivered aboard ship and before it 
leaves this country, all of which charges are outside the 
control of the producer. 

The next important item is the cost of shipping. 
Without worrying you with details, for a vessel of 


VoL. 66, 


2 500 tons net register, loading 6 500 tons, bound for 
Portugal or Mediterranean ports, this cost amounted to 
2s. 44d. per ton in 1913; at the present time it is 
4s. 7d. per ton. 

For a vessel of 1250 tons net register, loading 
3 200 tons and bound for Northern Continental ports, 
the corresponding charges in 1913 were 2s. Od. per 
ton; at the present time they are 3s. 114d. per ton. 

For a vessel of 2 500 tons net register, loading 6 500 
tons, bound for the River Plate, the corresponding 
charges in 1913 were 2s. 74d. per ton; at the present 
time they are 5s. 11d. per ton. 

Summarizing these figures, the total cost of coal 
delivered to various ports is as follows:— 


1913 Increase 
s d. s d. 
11 1} 4 4} 
1 104 1 6} 
9 6 
41 64 
14s 0d 6s. 114d 
2 4} 2 2 
2 04 1 ill 
2 7 2 Bh 
16s. 54d. 25s. 7d. 9s. 13d. 
16s 14d 24s. 114d. 8s. 103d. 
16s. 84d. 26s. 14d. 9s. 42d. 


It will be seen from these figures that only the pit- 
head price is within the control of the producer and 
that this is about 60 per cent of the total cost at the 
port of sale to the customer, the remaining amount 
consisting of charges quite outside the control of the 
producer. 

Of the pit-head price, the wages per ton could be 
reduced only by a greater use of machinery. Some 
savings might be possible in the administrative staff, 
but most of these have probably already been made. 
The figures for workmen’s compensation, health and 
unemployinent, and welfare, and the amount paid for 
local rates are all items outside the control of the 
producer. 

In the above figures no account has been taken of 
capital charges, which necessarily represent a large sum. 
A reasonable figure may be arrived at by taking as an 
example a colliery producing about 15 000 tons of coal 
per week and having a total capitalization of about 
£218 000, consisting of £38 000 Debentures and £180 000 
share capital. Assuming the Debenture interest at 5 per 
cent per annum and an 8 per cent dividend on the share 
capital, it will be seen that the capital charges amount 
to about 5d. per ton. 

At the present time, not only are some of the collieries 
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in South Wales run at a loss but, unfortunately, some 
of the mines have actually been shut down. It may be 
wondered why a coal mine should be kept running at a 
loss for long periods. 
by closing down a mine is far greater than the loss 
incurred in keeping the mine at work. First, there is 
the cost of pumping, which must be continued; then 
there is the cost of kéeping clear the roads, which are 
always tending to deteriorate, due partly to the roof 
falling in and partly to the floor rising. If a mine is 
stopped, even for a short period, days must be spent in 
clearing the roads before coal-cutting can be resumed. 
Consequently, a mine that has been unworked for some 
time requires an immense amount of money to be spent 
on putting it in a fit state for working. Just as in any 
other works, also, buildings and machinery all tend to 
deteriorate, but this matter is not nearly so serious as 
the deterioration of the workings. 

Buildings and machinery in position and ready for 
work are usually spoken of as assets, but so soon as 
they cannot be used in profitable production they 
become liabilities in that money must be spent to 
maintain them, their capital value then, for the time, 
being negligible. This applies particularly to coal and 
other mines. 

There are few more complicated trades than the coal 
trade in spite of the fact that, at first sight, only a 
single article is produced. In fact, there are many 
qualities of coal and in many districts large quantities 
of coke are required. Then coke ovens and other plants 
are installed for the production of coke and other by- 
products. The colliery then becomes also a manu- 
facturing concern. 

The coal trade is an old one to which attach many 
complicated customs all evolved to meet the complicated 
conditions that arise. It is a trade in the hands of 
very skilled people on both the management and work- 
ing sides, and I have little doubt that if the producers 
were helped by the transport people so that the too-high 
cost of transport was reduced, the trade would in due 
time be brought to a state of prosperity. It is, however, 
the fact that, in mining, heavy risks must be incurred, 
and unless the collieries are able to work at high profits 
when times are good and are allowed to retain those 
profits, and unless they use them carefully for develop- 
ment, they will not be able to meet the losses that must 
inevitably arise from time to time, due partly to changes 
in trade but mainly to the risks of any mining venture. 

There is one other business now to which I should 
like to refer and that is the business of supplying elec- 
tricity. You see the daily Press from time to time 
promising electricity for 1d. a unit and making about 
that sorely worried industry other equally misleading 
statements. I do not know that anyone believes them, 
but they certainly do no good. Our President did good 
service in his recent Address when he said, speaking of 
the proposed extra-high-pressure transmission grid :— 

“ It will not, as such, appreciably improve the eff- 
ciency of generation in the areas of certain of the elec- 
trical power companies and larger municipalities. 

“ It will not reduce the price of electricity for lighting 
in our big cities. For that matter no possible improve- 
ment in production methods could do much in that 


The reason is that the loss suffered | 


direction, since the charges on the capital expended in 
giving the service are the preponderating factor which 
controls the price of low load-factor supplies such as 
lighting. These are naturally high in towns, owing, 
among other reasons, to the high cost of, the distribution 
system as a consequence of the expense involved in 
breaking up and reinstating modern streets.”’ 

The reason why this statement is correct is because 
the business of electric supply is already a very large 
one, having an invested capital of some 200 million 
pounds sterling, and, since the capital charges are the 
dominating factor in electricity supply, it follows that 
only after further very large capital sums are invested 
in the business can any reduction in cost be possible. 
Also, although a steady improvement has taken place 
and is in fact taking place in the design of generating 
plant, the improvement in efficiency is relatively small. 
A very great part of the really old plant has already 
been done away with and the bulk of the electric power 
to-day is being produced from plant which has been 
installed within the past five years. 

Let us examine some figures. As already stated, the 
total capital expended on electric supply is approxi- 
mately 200 million pounds sterling. Allowing 10 per 
cent per annum on this capital, for interest, sinking 
fund and reserve, the capital charges amount to 20 
million pounds per annum. 

The operating expenses are given in the Electricity 
Commissioners’ Report for the year 1924-5. These 
figures may, for convenience, be summarized as follows:— 


Capital charges per annum (as above) £20 000 000 
Operating expenses: 
Coal, 7 million tons at 20s... £7 000 000 
Other power station charges £4 340 000 
£11 340 000 


Distribution, etc. .. £9 000 000 


Total charges £40 340 000 


It will be seen, therefore, that the capital charges 
constitute one-half of the total cost of production. 

Of the 20 million pounds per annum capital charges, 
rather more than one-half represents the cost of distri- 
bution. From the figures, therefore, it will be seen 
that the total distribution and other charges amount to 
nearly one-half of the total charges. 

The total demand is approximately 2 300 000 kW and 
the output 6 000 million kWh per annum. 

The average cost, including capital charges, for the 
whole supply works out, therefore, at 1-61d. per unit. 

Assuming that by improved methods a reduction of 
15 per cent could be made in the coal consumption, it 
follows that the total charges would be reduced by 
about £1 000 000, representing a reduction per unit of 
about 0:040d. If, to attain this reduction in coal 
consumption, the extra capital expenditure involved is 
£10 000 000, no reduction in the average cost per unit 
could result, 

In designing any electric supply system, therefore, it 
is all-important to keep in mind the incidence of the 
capital charges. 

The average cost per unit, however, is reduced with 
improvement in load factor. The small use at present 


NORTH WALES (LIVERPOOL) STUDENTS’ SECTION. 


made of a very large part of the capital involved in 
electric supply is not always realized. The following 
figures may make this clear. Assume that the total 
amount of plant required to operate a maximum load 
on a system working at a load factor of 25 per cent be 
represented by the figure 10, or, in other words, that 
10 separate units of plant be run at the time of maximum 
load and be started and stopped successively, one unit, 
that is one-tenth of the plant, will operate at a load 
factor of 100 per cent and supply 40 per cent of the 
total output; five-tenths or one-half of the plant will 
operate at an average load factor of 46-1 per cent and 
supply 92-2 per cent of the output; the remaining 
5 units, i.e. the remaining half of the plant, will operate 
at an average load factor of only 3:9 per cent and 
produce 7-8 per cent of the output. 

Again, let us examine the importance of these figures 
as they affect the design of plant. Assume that a 
particular town is supplied from two power stations, 
one an old station and the other a new one designed to 
work at a maximum efficiency. It will be desirable to 
employ this latter station for what is now called the 
“ base” load and to run it to produce the greatest 
possible annual output, whereas the older station will 
be employed to supply the peak load and will be run 
for the smallest number of hours possible. In practice, 
it will be found that the old station must, in fact, be 
used to supply a far greater part of the output than 
theoretical considerations would indicate. The reason 
is this: Men must be taken on to work the plant and 
they cannot be dismissed at a moment's notice. Con- 
sequently, the plant will usefully run for at least 8 hours 
a day. Assume that the stations work to the theoretical 
figures, so that the new station supplies 92 per cent of 
the output and the old station 8 per cent. The charges 
at these two stations, assuming the capital cost of the 
two to be the same, although, in fact, the old station is 
likely to cost more than the new, will be as follows. 
For simplicity, the figures are given for a load of 1 kW at 
each station, that is a total maximum demand of 2 kW. 


New Station. 
Capital expenditure, say £20 per RW of load. 


Load, 1 RW; output = 4030 kWh per annum; load 
factor = 46 per cent. 
Charges. 
Capital, at 10 per cent per annum pi £2 Os. 
Coal, at 1-7 Ib. per unit delivered, at 15s. per 
ton .. £2 6s. 
Other works charges, at o- 08d. per v unit de- 
livered ; . £l 7s. 
Total 24 £5 13s. 
or 0-3364. per unit delivered. 
Old Station. | 


Capital expenditure and load as above. 
Output=350 kWh per annum ; load factor = 4 per cent. 


Charges. 
Capital as above sia . £2 Os. Od. 
Coal, at 3-0 lb. per unit delivered, at 15s. 
per ton ja 7s. Od. 
Other works charges a as s above 2s. 4d. 
Total .. £2 9s. 4d. 


or 1-7d. per unit delivered. 
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Before scrapping the old station we must consider not 
the comparison between the costs per unit of 1-7d. 
against 0-336d. but whether the new station necessary 
to take the place of the old one can supply 1 kW and 
350 kWh for 9s. 4d. 

Now consider these figures as they affect design and 
assume that two entirely new systems were required. 
The whole supply might be given from one new station. 


‘On the other hand, it might be that, owing to a rather 


widespread area, the general disposition of the distri- 
buting system and the size of the loads, more than one 
station would be desirable. In that event, investigation 
into the position and type of the stations would be 
necessary to produce the cheapest electricity. It might 
happen that a considerable portion of the plant would 
be designed not so much from the point of view of 
economy in working expenses as in the arrangement of 
the site so as to reduce the capital cost of the feeding 
and distributing systems. 

It is possible that, as the national scheme proceeds, 
tending to reduce the number of stations and to con- 
centrate the load on large and new stations, it will be 
found necessary to develop new means for dealing with 
the peak loads. It is also possible that special designs 
will be developed for this purpose. It may even be 
that new methods for the economical storage of elec- 
tricity will be devised. Unless satisfactory methods be 
found for supplying the peak loads, the full benefits 
cannot be obtained from the base-load stations which, of 
necessity, must be run at a high load factor. 

These considerations, in my view, call for the most 
careful consideration before useful plant capable of being 
operated with a small amount of labour is scrapped, 
even if the coal consumption of such plant be relatively 
high. 

Before I leave this subject of economics, I wish to 
call your attention to one very important matter. You 
will note that in the electric supply business the turnover 
is relatively small, the gross revenue from all sources 
amounting to only about 18-7 per cent of the capital 
employed. You have seen that the capital charges 
represent approximately one-half of the cost of produc- 
tion. Since the plant installed must consequently be 
run for a number of years before it can be written off, 
it follows that the greatest care must be exercised in its 
design and installation. This is not a matter of so much 
importance where the turnover is at a greater rate and 
where, consequently, the writing off of the plant can 
take place over a shorter time. 

The capital for new plant to meet increases in load 
may be found either by the issue of shares or by raising 
new loans upon which dividends or interest must be 
paid. If, however, ample reserves can be accumulated 
out of profits and used in the business, the capital 
charges are not thereby increased and this method will, 
in the long run, tend to produce cheaper electricity than 
if all new capital is raised by public issues. It is for 
that reason that I have taken in the above figures a 
minimum amount of 10 per cent on the capital as the 
proper capital charge. I look on this as an average 
amount, but in good years the reserves should be 
increased in order to provide for bad years without 
increasing prices and also to provide proper sums to 
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enable the necessary risks to be run in installing new 
plant of experimental design. You will realize that, 
unless such risks are run, advancement in design must 
be slow. 

The bearing of all these figures on the advancement 
of, for instance, engineering is profound. First, I hope 
you realize the simple fact that unless a profit is earned 
no progress is possible. Progress involves experiment 
and experiment involves risk, and for one successful: 
venture there are several unsuccessful ones. I am not 
suggesting that money alone will make success—far 
from it—but that money is one of the necessary elements 
and that money arises from the source of profit. 

Many of the successful primary inventions were made 
by quite poor men and at little cost. An example is 
that wonderful body the Royal Institution, from which 
issued all the work of Faraday, Davy’s arc lamp and 
safety lamp, and the liquefaction of air by James Dewar. 
From these primary inventions and discoveries there 
sprang the great commercial enterprise of electricity 
production; electro-chemistry; the dye industry; the 
wholesale production of oxygen, nitrogen and many 
other trades too numerous to mention, including, quite 
as a side-line, the thermos flask. Now the develop- 
ment of these inventions called for money, but the 
amounts spent were surprisingly small, having regard to 
the results attained. 

There are numerous works and laboratories in this 
and other countries which, in spite of great expenditure, 
have not produced any such results. The reason is 
that far more important than money is the skill and 
insight of the man directing the research. Through the 
ages a few men were born with insight and a vast 
capacity for work without any desire for money or the 
things it will buy. Many of our greatest inventions in 
science and engineering of every sort have been produced 
by such men. 

Although the primary inventions may be made often 
with small means, the commercial development necessary 
before great quantities can be produced and sold at 
prices so low that the quantities are called for generally, 
requires very large expenditure. You should lose no 
opportunity of studying the history of any great firm 
or new development. Generally you will find that it 
started from small beginnings and that those who were 
responsible for its direction were wise in taking profits 
when they could and wiser still in saving the money to 
pay for new ventures. To earn a profit and to waste 
it in luxury is plain foolishness; to refuse to take a 
profit when you may is equally foolishness; but to take 
the profit and to use it wisely is the essence of all suc- 
cessful business. This simple method, successfully 
applied, makes the conduct of business, always exacting, 
a real pleasure, and especially it results in that business 
-being of real service to the country. All prosperity 
depends on following this simple rule. 

You may or may not recognize the fact that the 
earning of profit is subject to chance. A fisherman may 
make a good haul, but if all the boats make a good haul 
there may be more fish than can be carried, so prices 
are low. If, however, one is successful out of a fleet, 
that one will make a fine profit. So it is in any business. 
Great firms supplying every class of goods will find one 


section profitable, another working at a loss. In elec- 
trical firms the profit on lamps and small goods often 
makes good the losses on building large turbines. 

Is it worth while to study this rather dull side of 
engineering? It is more than worth while, it is essential, 
and this study helps to prevent you taking the political 
view of any problem. The “ political view ” is a term 
which is often used and which generally conveys the 
idea of being a rather misinformed and biased view. I 
think that the political view usually results from some 
one man being obsessed with an idea which he only 
vaguely understands, an idea which appears to be 
likely to benefit many people or which many believe 
will benefit them. The idea is set out in the written 
and spoken word until many believe in it without any 
clear understanding. It generally rests on the simplest 
sort of financial basis, namely, that the many who 
receive the benefits will not have to contribute to the 
cost. 

This method may avail for the purpose of a General 
Election but it is wholly unsound if the prosperity and 
happiness of the country are the first desire, and there- 
fore some understanding of economics makes a man a 
more useful citizen. In starting a business great or 
small, carefully prepared estimates of all the constants 
are essential. 

I have called your attention in this address to a few 
salient figures which I hope some of you will study. 
Primarily when you start in business you set out to 
make money, and some men set out with that object 
only. You find at once, however, that you can only 
obtain money from those who have it, that they only 
part with it in exchange for goods or service, and that 
the more the goods you supply or the greater the service 
you render the better will you get on. 

Having arrived at the point where you earn your 
keep, the next stage is to become a capitalist—in short 
to join the ranks of those who are so often assumed, 
and so mistakenly assumed, to be the enemies of labour. 
‘To take this step forward you must earn more than you 
spend, or alternatively spend less than you earn and 
quietly accumulate your resulting savings. You soon 
place yourself amongst the class which. enjoys “‘ un- 
earned ” income and your industry and frugal care will 
later on, if you continue to exercise them, result in your 
perforce joining the exalted ranks of those who pay 
supertax and ultimately death duties. But your con- 
tribution to your fellows and your country’s welfare is 
not measured by these enforced contributions to pay 
for the services of the State. The help you give to new 
ventures by your accumulated savings which form the 
great basis of credit; the fact that in your old age you 
are an asset to the State and not a liability; these are 
the true aims in keeping the expenses comfortably 
inside the revenue. 

Equally in business in which many are interested as 
investors, workers or buyers, the just relation between 
receipts and expenses must be preserved. The only 
measure of this essential condition of success is the 
earning of profit. Profit, if wisely used, forms the 
means of maintaining the necessary relation between 
receipts and expenses by. providing a fund which can 


-bear first the risks of expansion into new fields of enter- 
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prise and which can carry the losses that bad times 


may always bring. When you receive a salary it may - 


be paid to you for working, for continuing an existing 
service or for helping to develop a new service. The 
responsibility to do the job to your utmost ability is 
yours in either event. The result of your failure in 
this respect is greater in the latter case because you are 
paid from savings. If you succeed these are enhanced 


in value, whereas if you fail they are lost, and profits 
and capital, no matter who has (for the time) control 
of them, in fact constitute national property and serve 
the nation's good. Few people dispute this. The only 
quarrel is whether those who earn or inherit wealth will 
administer it more prudently or more cheaply than 
those who without that hard experience are to be paid 
to do so. 


DISCUSSION ON 


“DISTORTION IN IRREGULARLY LOADED LINES” 
AND 
“LINE BALANCES AND TERMINAL IMPEDANCES.” * 


Mr. K. E. Latimer (communicated): I have read 
with much interest the analytical work presented in 
the paper entitled ‘‘ Distortion in Irregularly Loaded 
Lines.” It is, however, to be regretted that the results 
of practical tests are not presented and that no attempt 
appears to have been made to give a clear mental 
picture of the electrical phenomena indicated by the 
equations. Explanatory matter of this kind is very 
helpful to those who do not have much practical experi- 
ence of loaded telephone cables. I think that the author 
would have done well to have mentioned at the beginning 
of the paper that the effect with which he is dealing 
is one of echo. The point of this criticism lies in the 
fact that the annoying effect of an echo depends on 
its time-lag. Actually, large echoes having a short 
time-lag (the case dealt with by the author) may be 
less annoying than small echoes reflected over the entire 
length of a repeatered circuit. In other words the 
percentage distortion is no absolute indication of the 
disturbing effect of an echo. The author appears to be 
under a false impression as to the magnitude of the 
form of distortion dealt with in the paper. In the 
extensive experience of the company with which I am 
associated, in the construction of toll cables for repeater 
working, no undulations have ever been found in the 
attenuation/frequency curves of repeatered 4-wire cir- 
cuits. Undulations only occur on long 2-wire circuits 
due to listener echoes, but even these are small 
if the circuits are laid out in accordance with sound 
engineering principles. As an illustration of this, Fig. A 
shows the effect of extending a medium-heavy loaded 
1-3 mm 2-wire circuit beyond the normal limit. This 
type of circuit is commonly used for communications 
up to 400 miles. Beyond this distance a lighter loading 
is employed on account of transient distortion and 
talker echo. (This is dealt with in a paper by A. B. 
Clark in Electrical Communication, February, 1923.) 
At 400 miles the listener echo is still not disturbing. 

* Papers by Mr. A. G. WARREN (see pages 628 and 633 respectively). 


When the circuit is extended to 700 miles the listener- 
echo currents* give rise to very small undulations on 
the circuit; but at this distance the circuit has ceased to 
be a commercial proposition. The reason for this dis- 
crepancy between the theory as presented by the author, 
and the true facts of the case, is a false assumption 
made on page 629, after formula (20). Here it is 
tacitly assumed that in practice H#, is a constant. This is 
incorrect. If a line having impedance irregularities is 
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fed with current from a repeater, transmission measuring- 
set or telephone sub-set, then for constant grid voltage 
in the repeater, constant voltage on the sending network 
of the measuring set or constant voltage in the micro- 
phone, the voltage applied to the line will depend on the 

* These echoes circulate round the repeaters and only occur when 2-way 


ao is used. The echoes dealt with by the author only circulate in 
the repeater section in which they arise, and hence do not depend upon 


' whether the amplification is 2-way or 1-way. 


` 
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irregularities in the impedance curve. If the impedance 
of the sending apparatus approximately matches the im- 
pedance of the line and the irregularities are not excessive, 
then the variations in output voltage exactly compensate 
for the distortion demonstrated by the author; the 
distortion thus becomes a second-order effect, varying 
as the square of the irregularity instead of in direct 
proportion (see page 630, par. 2). This will now be 


demonstrated mathematically. Repeaters, transmission ' 


measuring-sets or telephone sub-sets may all be repre- 


Fic. B. 


sented by the network shown in Fig. B in dotted lines.’ AS 
It is assumed that Z, the impedance of the sending 
apparatus, is equal to Zọ The author has shown 
[equations (19) and (22)] that 


En = Eye" 41 + d) 
Zn + 1 =Z + 2d) 


Let E be the e.m.f. of the generator (assumed not to 
vary with frequency). 


Then En = E 


= ¿E(1 + d) approx. 
l+d 
E, =YEerE! 


Eq as far as first-order effects are concerned, thus 
does not suffer distortion. There is a second-order 
effect, however;. an impedance irregularity of 30 or 
40 per cent may produce a variation in transmission 
of the order of 0-1 T.U. if the impedance of the sending 
apparatus is equal to Z). There are one or two other 
points in the paper which appear to call for criticism. 
On page 628 it is stated that distortion arises owing 
to the differential frequency attenuation. No menticn 
is made of the effect which repeater characteristics 
may have on the overall attenuation. A small amount 
of this distortion in practice has been found desirable, 
as transient and talker-echo effects are thereby reduced. 
But in any case it seems that such distortion is no 
longer of importance in present-day practice, as it may 
be compensated for to any desired extent. With the 
repeaters manufactured by the International Standard 
Electric Corporation, compensation is complete on 
4-wire circuits and partial on 2-wire circuits. In 
the same place it is stated that the attenuation in- 


But, by (19), Ey = 


Therefore 


* The method of measuring attenuation by the open-circuit short-circuit 


method has not been specially dealt with, but the conclusions arrived at below. 


apply also to this method. 


creases with frequency to a maximum, then drops to 


‘a minimum, then rises at the cut-off frequency. 


This is true of that portion of the attenuation 
which is due to line resistance, but not of the portions 
due to loading-coil resistance and leakance. Owing to 
these latter effects, the minimum referred to never 
exists on practical circuits (see Fig. C). There are 
several other forms of distortion besides those mentioned 
by the author. Transient distortion is usually the most 
serious form of distortion on practical circuits. The 
last sentence on page 628 is also incorrect. In practice 
it is more difficult to balance at high frequencies than 
at low frequencies. This is clearly demonstrated in an 
article by Crisson in Electrical Communication (October, 
1925, page 98). In equation (4) the sign before the 
propagation constant appears to have been taken as 
the opposite of that normally employed. This is 


unfortunate. In all textbooks this equation is given 


with a positive sign in place of a negative sign. This 


-change of sign seems to be consistent throughout the 


paper. In all cases the powers of e are given with the 


Attenuation 


0 Frequency to 


Fic. C. 


reverse sign to that normally used. The numerical 
examples, however, appear to be correct. This change 
of sign is confusing and detracts from the value of the 


' paper. In these comments the convention adopted 


by the author has been used so that the equations might 
be compared with the original paper. On pages 629 to 


- 631 there is another fallacy. The equations as developed 


are applicable to continuously loaded cable. When 
these are applied to coil-loaded cable, misconceptions 
are apt to arise, as in the present case. This may be 
exemplified by the assumption, made on page 631 in 
the numerical example, that h = 5 per cent; h can only 
be assumed constant on continuously loaded cables. 
The numerical values chosen for the propagation 
constant apply only to coil-loaded cable. The result is 
that the curves are very misleading and apply to 
neither case. The nature of the irregularity in sending- 
end impedance produced by an irregularity in capacity 
or inductance, is fully explained in the Crisson article 
referred to above, which agrees perfectly with practical 


- test-results. The distortion dealt with by the author 


would follow similar laws. On page 631, at the 
top of the right-hand column, it is stated that the 
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irregularities near the transmitting end give rise to 
distortion. If the receiving-end apparatus does not 
match the line perfectly, there will be distortion caused 
by irregularities near the receiving end. With reference 
to the conclusion of the paper, circuits designed for 
broadcasting purposes and permanently allocated to 
such work have been included in a large number of 
recent European toll cables. To mention a few examples, 
the following cables contain special broadcasting 
circuits :— | 


E Inductance of coils 
Circuit Gauge pao] 
Side Phantom 
Czechoslovakia— mi m | mH mH 
Prague—Lovosice-Dresden| 0-9 | 1830 | 177 09% 
Prague-Nurnberg .. | 0-9 | 1830 |177 9* 
Brno-—Bratislava 1-3 | 1830 | 15-5 — 
Brno-Olomouc .. 1-3 | 1830 | 15-5 — 
Holland— j 
Rotterdam-Middelburg . | 1:23| 915 | 29 ¡ER 
Tilburg-Eindhoven 1-2 915 | 29 — 
Hungary— | 
Budapest-Szeged .. | 1-3 | 1830 | 15-5 Ea 
Italy— 
Milan-Vercelli-Turin .. | 1-3 | 1830 |177 9* 
Switzerland— 
Zurich—Winterthur 0-9 | 1830 | 15-5 — 
Winterthur-Schaffhausen | 0:9 | 1830 — 9-5* 
St. Gallen—Oberriet 0-9 | 1830 | 15-5 | — 
Altdorf-Lugano 0:9 | 1830 — 9-5* 


The company with which 1 am associated was directly | 


concerned with the cables in the above list; there are 
probably several other examples of similar cables in 
Germany. 


Messrs. L. T. Hinton and A. R. A, Rendall (com~ 


municated) : In the paper entitled “ Line Balances and. 
Terminal Impedances ” the author deals from several 
points of view with a case of a practical loaded line, 
and in the first part of the paper mentions amongst 
other things phase distortion, attenuation and impedance 
as functions of the frequency. In applying the constants 


of his cable to derive the above characteristics he assumes | 
| (see Table 3). Similarly, the precise simulation obtained 


| by the author in Table 4 could be obtained from Hoyt’s 


that a coil-loaded cable may be treated as a continu- 
ously loaded cable. It is well known that a coil-loaded 
cable is in the nature of a low-pass filter, and there is 
a very considerable difference in its behaviour from 
that of a smooth line. The most fundamental divergence 
is that a coil-loaded cable exhibits a definite cut-off 
point which, in the case of the cable consideréd, isi at 
w = 24850 approximately. As this frequency is 
approached the attenuation, phase and impedance 
characteristics rapidly depart from those of a. line 
with the same inductance, etc., per mile uniformly 


distributed. Above this frequency the attenuation | 
, then the methods of calculation used and the types of 


| structure employed are entirely inapplicable. 


becomes very great, the. phase angle remains equal: to 

ar per load section, and the impedance becomes entirely 

reactive. Fig. D shows the impedance curve of. the 
* In these cables the phantom circuits are used for broadcast: working, 


smooth line as given in Table 1 of the paper together 
with the impedance curve of the coil-loaded line, both 
calculated from the prime constants. It will be seen 
that the curve for the coil-loaded line departs appre- 
ciably from the smooth line curve at about w = 8 000, 
and therefore the figures given in the paper above this 
point are of very little value, while above w = 24 850 
they are meaningless. In considering the author’s 
method of designing a balancing network, we shall 


| ignore for the moment the fact that the cable is coil 


loaded and shall assume that it is possible to use con- 
tinuous loading such that an inductance of 0-101 henry 
per mile can be obtained. The author states that Hoyt 
in the Bell System Technical Journal (1923, vol. 2, p. 1) 
gives a method which does not lend itself readily to 
computation. We would point out that in applying 
Hoyt’s methods to the impedance curve given in Table 1, 
use would be made of formula (30) in his paper, together 
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with the excess-simulator of Fig. 14 D; and it should 
be noted that on page 28 Hoyt states that great simula- 
tive precision can be obtained by connecting in series 
several such simple excess-simulators. The form of 
Fig. 3 in the author’s paper is identical with that of 
Fig..11 B of Hoyt’s paper and gives the same degree 
of precision for the same amount of computation work 


paper at the cost of the same degree of calculation as is 
used by the author. It would be interesting to know 
for. what purpose the author intends using balancing 
networks of the. precision described. The very extended 
low-frequency. .range mentioned is not required for 
practical 2-wire telephone transmission, and, as pointed 
out by: the author, one-way .working for broadcast: 
circuits does not, of course, require balancing networks. 


| However, if the object of the author’s work is to design 


networks to simulate the coil-loaded cable described, 


The use 
of a resonant circuit is fundamental to the design of.a 
network for.a coil-loaded cable in order that the requisite 


996 DISCUSSION ON “DISTORTION IN IRREGULARLY LOADED LINES” AND 


rise in the effective resistance curve together with a 
small but negative reactance can be obtained (see 
Fig. D). The author is unfortunate in his reference 
to the work of Robinson and Chamney, which, as we 
understand it, covers a method of designing a balancing 
network for lump-loaded lines. While it is quite 
correct, as stated by the author, that such networks 
which include resonant circuits only simulate over a 
limited frequency range, we would draw his attention 
to the fact that the cables for which they are designed 


have an equally limited transmission band. Hoyt 


deals fully in the Bell System Technical Journal for 
July, 1924, with coil-loaded lines and the design of 
networks to simulate them, and also contrasts their 
behaviour with that of smooth lines. The . author 
develops a method of equalization by.using a suitable 
terminal impedance. This method presents difficulties, 
since it assumes either that the terminating apparatus 
has infinite impedance or that it can itself be designed 
to have the required impedance characteristic. Neither 
of these is easy to realize in practice where the termination 
of such a circuit is usually in the nature of an amplifier. 
A more suitable method is to design the equalizer in 
conjunction with terminal apparatus such as a repeater 
of known impedance characteristics ; this subject is 
dealt with fully in British Patent Specification 
No. 151-140. In such a circuit the losses may be con- 
sidered to fall under four distinct headings: (1) The 
attenuation loss in the cable circuit itself ; (2) the trans- 
mission loss due to the introduction of the equalizer ; 
(3) the transmission loss due to impedance unmatching 
at the sending end ; and (4) the transmission loss due 
to impedance unmatching at the receiving end. The 
problem is to design the component parts of the equalizer 
such that the sum of all these losses at different fre- 
quencies remains constant. 

Mr. C. Robinson (communicated): Some of the 
statements made in the paper entitled “ Line Balances 
and Terminal Impedances ” appear to require modifica- 
tion, especially as regards present practice in telephonic 
transmission systems. On page 634 in the paragraph 
numbered (5) it is stated that present-day repeaters 
do not give uniform amplification over a frequency 
range. Repeaters used on long telephone circuits are, 
in fact, designed to compensate for the distortion pro- 
duced by the unequal attenuation of the line, with the 
result that a band of frequencies is transmitted with 
nearly equal attenuation extending, at the high end, to 
a frequency slightly less than the cut-off frequency 
of the line. Fig. E shows the frequency attenuation 
characteristic of one of the first London-Berlin trunk 
circuits to be established. This circuit contained a section 
of loaded cable having a somewhat low cut-off frequency. 
It was therefore not possible to transmit frequencies 
much above 2000 periods per sec. Fig. F shows the 
corresponding characteristic for a 400-mile underground 
circuit loaded with 44 mH coils at 1-125 miles apart. 
Here the band transmitted extends from about 80 to 
4 500 p.p.s. It appears from these curves that repeaters, 
far from introducing distortion, are utilized to correct 
the linear distortion caused by the line. It should be 
noted that the upper limit to the frequency-band 
transmitted is imposed by the cut-oft frequency of the 


Attenuation, in népers 


line and cannot be appreciably extended by any terminal 
device. Repeaters may‘introduce non-linear distortion, 
but under normal conditions this is very small. The 
non-linear distortion introduced cannot be corrected 
by terminal devices. The author takes as an example 
of a practical loaded line one loaded with 0-1 H per 
mile, but makes the assumption that this inductance is 
distributed uniformly. This assumption makes the 
example given of theoretical interest only, as the rela- 
tion of both impedance and attenuation with frequency 
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is modified by the “lumping” of the inductance. 
As an example of the error caused, Fig. G gives the 
impedance-frequency characteristic for a normal type 
of loaded underground telephone circuit. The curves 
show (A) the impedance as calculated assuming uniform 
distribution of inductance, (B) the impedance as 
measured, and (C) the mean of the measured impedances. 
In designing a network to balance this line it is curve (C) 
which would be taken as the curve to be imitated. It 
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Fic. F.—Effective attenuation of 400-mile underground 
circuit loaded with 0-044 H at 1-125 miles. 


will be seen that the error at the upper end of the 
frequency range transmitted is eonsiderable. Another 
factor which has been. neglected in the example taken 
and which has a considerable effect upon the attenuation 
characteristic is the effective resistance of the loading 
coil. In the section dealing with the construction of an 
impedance to reproduce a given characteristic it is 
stated that a network containing a resonant circuit is 
incapable of balancing.a line over an extended range. 
This is not the case in practice, since such networks 
are constructed to imitate the impedance frequency 
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characteristic of a coil-loaded circuit up to its cut-off 
frequency, beyond which the circuit is incapable of 
transmitting telephonically. In this connection it 
should not be forgotten that a coil-loaded circuit is 
equivalent to a series of resonant meshes and it would 
be expected therefore that it should be possible to 
imitate its impedance characteristic by means of a 
network containing resonant circuits. The author 
refers to the Hoyt network as containing resistance 
and capacity only, whereas the network commonly 
used and referred to as Hoyt’s network contains a 
resonant unit (see American patent No. 1167693). 
With regard to the author’s proposal to introduce 
reflection with a view to correcting distortion, I am of 
the opinion that by far the easier and more accurate 
method is that which is used at present, i.e. by modifying 
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sary to do more than quote one or two instances. I was 
tempted to give a physical explanation of the conditions 
obtaining in loaded lines (I know of no published descrip- 
tion), but it is impossible to treat the subject at all 
adequately, except at considerable length, and the 
treatment would have been open to the obvious criticism 
that it is only of theoretical interest. I think that there 
is considerable objection to describing an electrical 
reflection as an echo. The phenomenon considered is 
much more analogous to interference in light than to 
what is usually understood as echo in acoustics. The 
word might reasonably be applied in the case of trans- 
ients when the reflection is a separate disturbance not 
involved in the reinforcement of, or interference with, 
the original disturbance. Transients were, however, 
outside the purview of the papers. It is interesting to 
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Fic. G.—Impedance of underground cable circuit loaded with 177 mH at 1-125 miles. 


Resistance = 44 ohms per mile. 
Capacity = 0-062 uF per mile. 


the amplification characteristics of the repeaters in 
such a way as to correct the distortion introduced by 
the line. On telephone lines, also, the aim is to obtain 
equal transmission of energy at all frequencies within 
the range considered. By the method proposed in the 
paper the received voltage is corrected, but the power 
efficiency of the line varies in the ratio of the charac- 
teristic impedance of the line to the closing impedance 
at the particular frequency considered. This would 
introduce distortion under normal telephonic conditions, 
but would probably be satisfactory if a high-impedance 
amplifier were connected immediately at the terminal 
of the line, as would probably be the case for broadcast 
transmission. 

Mr. A. G. Warren (in reply): Mr. Latimer regrets 
that the papers do not give the results of practical 
tests and that no attempt has been made to give a 
physical explanation of the electrical . phenomena 
involved. Several curves of practical tests will be 
found in the Journal elsewhere, and it was felt unneces- 


know that Mr. Latimer has not experienced distortion 
due to irregular loading. The curves (Fig. A) which he 
gives, however, are for a line transmitting less than 
4 octaves. They illustrate little more than the obvious 
fact pointed out in the paper, that distortion due to 
differential frequency attenuation increases with the 
length of line. In suggesting that I assumed that E, 
in equations (20) e¢ seg. is a constant quantity, Mr. 
Latimer has read into the paper rather more than I 
said, or intended to say. It was only intended in the 
paper to deal with distortion introduced by the line 
itself. How far such distortion might be corrected by 
other means was hardly considered. (In the second 


| paper the influence of terminal impedance was considered 


to a certain extent, rather from an illustrative than from 
a practical point of view.) The important feature 
insisted upon in the first paper was the fact that it is the 
end coils which are mainly contributory to irregularity 
distortion and to disturbances in the impedance. That 
all forms of distortion were not mentioned is admitted. 
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Although I agree that to a certain extent automatic 
compensation for irregularities may take place, I do 
not admit that the question may be so completely 
dismissed as Mr. Latimer’s mathematics would suggest. 
Is he not making an assumption equally open to question 
as that which he attributes to me? I would refer him 
to the closing paragraph of Mr. Robinson’s contribution. 
Objection has been taken to my description of the 
frequency/attenuation characteristic in which I said that 
over part of the range the attenuation falls as the 
frequency rises. This is closely bound up with the 
fact that, for part of the transmissible range, the attenua- 
tion is less for the loaded line than it is for a uniform 
line of the same average constants. I am aware that 
there is a table, copied from textbook to textbook, 
which expresses the excess in the attenuation for the 
loaded line. This table is, however, meaningless without 
qualification, and I still maintain that my description 
is correct on the assumptions upon which it is based. 
For these assumptions I am not solely responsible. 
The values of effective resistance of the loading coils 
quoted in several instances by telephone engineers 
were assumed; values much greater than these would 
have to exist to render my description inaccurate. 
The matter merits a brief consideration; space will 
not permit its being treated fully, but the treatment 
offers incidentally a method of computing loaded lines 
which involves considerably less labour than direct 
calculations from the fundamental equations. Con- 
sider a loaded line as evolved from a uniform line by the 
gathering of resistance and inductance to form a loading 
coil of impedance Z’ = R’ + jwL', the series and 
parallel impedances per unit length (conveniently 
assumed as the loading length) of the natural line 


being Zs and z, respectively. Let K be the complex 
attenuation of the uniform line and J of the loaded 
line. Expanding cosh K and cosh J as convergent 
series we note that at low frequencies the attenuations 
are identical for uniform line, loaded line and filter. 
The difference between the loaded line and a uniform 
line may be expressed by 


cosh J =cohK +8... . (1) 
1/Z' ] 
where ô = — als ‘i (1 + remainder) . . (2) 


So long as 6 is small (i.e. not in the neighbourhood of 
cut-off) the remainder may be neglected and we may 
write | 

: 3=-—2ZY(242%) . . . (8) 
Writing cosh J = a + jb = cosh (P + jQ) and noting 
that over most of the transmissible range both (1 + a) 
and (1 — a) are large compared with b, we have 


cosh P = 1 + bf 2(1 — az) y . « (4) 
and 

§ (cosh P) = (b/1 — a%){8b + 8a. ab/(1 — a%)} (5) 
where da and db are the changes caused in a and b by 
the transference of inductance and resistance from the 


line to the loading coil. 
We have 


9 = da + jòb = — (R' + juLG + jw0)?/24 (6) 


Noting that jwL’>>R’ and jwC>>G for most of 
the transmissible range, we obtain 


da = —wtL'2C*24 . . . . (7) 
and òb = wW L'OR’ + L’CG@)jl2 . . . (8) 


Let us take the particular case, at w = 10 000, of the 
line already considered. Including leakance, when the 


line is uniform, we have L = 0-101H, R = 93 ohms, 
C = 0-064 x 10-6 F, G = 10-8 mho. We find that 


cosh K = 0:69373 + 0-027164j 


whence cosh P = 1-0007070 and P = — 0-037604. 
If now we gather up a loading coil LI’ = 0-1 H, R' 
= 5 ohms, leaving natural line between L = 0-001 H, 
R = 88 ohms, C = 0-064 x 10-6 F, G = 10-6 mho, we 
obtain da = — 0-01707 and 6b = 0-000224, giving 
cosh J = 0-67666 + 0-027388j and 98 (cosh P) 
= 0:0000207, whence cosh P = 1-00006863 and 
P = — 0:03705. The numerical value of P calculated 
from the fundamental equations is 0-037038, 14 per 
cent less than the value for the uniform line. The 
difference between the loaded line and the uniform line 
has been calculated by the approximate method with 
an error of less than 3 percent. The error in the absolute 
value is less than 1 part in 3000; and this accuracy 
cannot be obtained from the fundamental equations 
except with considerable labour. The calculation given, 
however, serves the purpose of indicating the effects 
of concentration of inductance and resistance. From 
equations (7) and (8) we see that the effect of concentrat- 
ing resistance is to increase the attenuation, and of 
concentrating inductance is to reduce it. Generally 
the fraction of the inductance concentrated is much 
greater than the fraction of the resistance. For the 
case considered the resultant effect is to reduce the 
attenuation. If the whole of the inductance and resis- 
tance were concentrated, the line would be reduced 
to a filter for which the attenuation is much greater. 
The point is illustrated by Fig. H. For this line it is 
only when the resistance approaches 100 ohms per henry 
that the attenuation is greater for the loaded line. 
In general terms this result admits of a simple physical 
explanation. As far as the loaded line imitates a low- 
pass filter, the resistance of the natural line may be 
considered to be partly in series with the shunt capacity. 
So long as the change of phase per section is not too 
great, the current through the shunt capacity is less 
than the current in the inductance, since the capacity 
current consists of the vector difference of the currents 
in the adjacent sections. Expressed differently, the 
average numerical current in the loading coils is greater 
than the average current in the intervening section 
of natural line. The current in the natural line is made 
up of two components decrescent exponentially in 
opposite directions. For each of these the average 
R.M.S. value is less than the mean of the terminal 
R.M.S. values. This will be true for the vector sum 
so long as the change of phase per section is not too 
great. We see, therefore, that under these conditions 
resistance in the loading coil causes greater loss than 
resistance’ in the line. We should therefore expect, 
for moderate frequencies, that the smaller the fraction 
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of the resistance in the loading coil, the lower would be 
the attenuation, and also, for a line loaded with low- 
resistance coils, the attenuation would be less than that 
of a uniform line. Referring to the last sentence on 
page 628, I know that in practice it is more difficult to 
balance at high frequencies than at low; the opposite 
was not claimed. I am sorry if any confusion has beén 
caused by my using the opposite sign to that usually 
employed for the propagation constant. The usual 
sign is very confusing when analysis becomes complicated. 
The negative sign is not without precedent. I think 
further consideration will convince Mr. Latimer that 
equation (10) is correct and that it is equally applicable 
to any recurrent circuit—uniform line, loaded line, 
or filter. The arguments k, k, etc., derive their signifi- 
cance from the existing irregularity. They are not 
assumed constant—such an assumption would be 
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meaningless. Do not the practical tests which Mr. 
Latimer mentions relate to measurements of the ampli- 
tude of the irregularity disturbances? This ampli- 
tude, as pointed out on page 630 (see also Figs. 2, 8 
and 10 of the original paper and also Mr. Robinson’s 
curve, Fig. G), attains a maximum value in the upper 
range of transmissible frequencies. It is true, as Mr. 
Latimer points out, that irregularities near the receiving 
end give rise to distortion if the line is not perfectly 
balanced. Analysis was confined to a balanced line, 
but it is obvious that, if reflection occurs, conditions 
similar to those at the transmitting end arise. It is 
also obvious that it is only irregularities near the 
receiving apparatus which can cause serious disturbance. 
These facts might reasonably have been included in 
the paper. The circuits listed are interesting and are 
referred to later. 

In reply to Messrs. Hinton and Rendall, the impedance 
of a continuously loaded cable was calculated for the 
simple reason that the values of the impedance were 
- easier to determine. Of course the impedance of the 


| losses. 


_ the transmissible range. 


loaded line is somewhat different. They have assumed 
in their curves that the loading is of 0-1 H coils a mile 
apart. Such an arrangement would give a rather low 
cut-off for the transmission of music. According to 
Mr. Latimer’s figures it would appear that when such 
a rate of loading is adopted it would be accomplished 
by coils of value less than 0-1 H spaced less than a mile 
apart. Under these circumstances the values of the 
impedance would approach those of the uniform line 
more closely than in Messrs. Hinton and Rendall’s 
curves. Their main contention, as I understand it, 
is that in a loaded line the resistance component of the 
impedance first falls and later rises and, in consequence, 
a resonant unit in series with a resistance is a fundamental 
item in the balancing impedance. That the impedance 
of the line is generally of the form they indicate I admit, 
though, as suggested above, the curves exaggerate the 
difference between the continuous line and a loaded 
line which is efficient over the musical range. Because 
such a resonant unit has been a fundamental item in 
balancing circuits for narrow ranges it does not follow 
that it is essential, and I do not agree that the types of 
structure I have indicated are “ entirely inapplicable.” 
It is admitted in the paper that they will not by them- 
selves fit all cases, and other methods may then have 
to be adopted. Their applicability is, however, very 
wide and if in certain cases it is found desirable to 
supplement them by resonant circuits, such resonant 
units should perform subsidiary and not fundamental 
functions. Even then the losses in resonant units should 
be sufficiently great that the term “ resonant * becomes 
almost an exaggeration. If we turn to the circuit 
referred to in the paper (Journal I.E.E., 1926, vol. 61, 
p. 1041) the resonant circuit is shown as having no 
Under these circumstances the circuit is wholly 
reactive at 527 p.p.s.; the resistance is then zero, 
instead of nearly 1600 ohms (incidentally, I cannot 


_ make this circuit accord in any degree with the curves 


it is supposed to fit). It appears difficult to avoid 
such difficulties with circuits which are resonant within 
I should have been surprised 
if the circuit of Fig. 3 of the paper had not been identical 
with one of Hoyt’s many diagrams. I consider, however, 
that the method of treatment is different. In consider- 
ing a method of equalization by use of a suitable 
terminal impedance, I did not have definitely in mind 
either of the alternatives suggested. I imagined that 
the impedance required would have to be considered 
in conjunction with the receiver, much as Messrs. 
Hinton and Rendall suggest. The chosen impedance 
was attempted with the object of illustrating a method 
rather than of determining the actual impedance to be 
used. 

Mr. Robinson criticizes par. (5) on page 634. I 
admit that my intention was not very clearly indicated. 
It was written with the purpose of dismissing the 
repeater from consideration and suggesting that, 
although uniform amplification had been assumed in 
one aspect of the work, the fact that amplification was 
not uniform did not vitiate the general methods applied. 
I contemplated the application of circuit design in 
conjunction with the amplifier. I am interested in the 


| extent to which correction has been effected in the 
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repeater in the line illustrated in Fig. F. The line does 
` not appear to be quite so good when plotted to a logarith- 
mic scale of frequency (Fig. J). Another octave in 
the bass and a major third at the upper limit would 
improve the line, but it appears much better than the 
lines employed in the average simultaneous broadcast. 
Referring to Fig. G, Mr. Robinson states that to balance 
this line the network must simulate the curves C. I 
imagine that a network which fulfilled these condi- 
tions would not be very effective. From the values 
given it would appear that the distance to the first 
loading coil is more than half the normal distance 
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Fic. J.—Mr. Robinson’s Fig. F plotted to a logarithmic scale 


of frequency. The horizontal divisions are the 7 musical 
octaves from 39 to 5 000 p.p.s. Reduced from the attenua- 
tion curve is the curve of intensity. 


between loading coils. Such a displacement alters 
the impedance. Thus, if the impedance of a loaded 
line be measured in directions A and B (Fig. K), the 
resistance components will be found to be approximately 
equal, but the reactive components will differ from the 
reactive component, measured in either direction from 
Q, by approximately equal and opposite amounts 
(Fig. L). If, therefore, the line starts at P it is clear 
that to balance it at the sending end, the network 
impedance must be the sending-end impedance which 
would be measured in the direction B if the line were 
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continued backwards. For a measured impedance such 
as Mr. Robinson shows, the balancing impedance will 
probably have a positive reactance (Fig. L). The 
sending-end impedance may bear any relation to the 
balancing impedance at the receiving end, depending 
upon the lengths of natural line at the two ends. If 
balancing impedances are to be designed from measured 
values, it is clear that details of the end sections must 
be known very exactly and suitable corrections made. 
This is only another illustration of the points put 
forward in the paper on “ Distortion in Irregularly 
Loaded Lines.” 


Mr. Robinson suggests that since a “ coil-loaded 
circuit is equivalent to a series of resonant meshes it 
would be expected that it should be possible to imitate 
its impedance characteristics by means of a network 
containing resonant meshes.” Certainly, if an indefinite 
number of resonant meshes are used. The balancing 
network then becomes an indefinite extension of the line. 
It is axiomatic, as pointed out in the paper, that a 
finite number of impedances cannot exactly balance a 
continuous line, whether loaded or not (except of course 
when Heaviside’s condition is fulfilled). But the charac- 
teristics of a continuous series of resonant meshes 
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Fic. L.—Curve D shows the reactive part of the impedance 
for a particularloaded line when measuring from a point Q 
(Fig. K) midway between loading coils. Curve E shows 
the reactance when measuring in the direction A from a 
point P (Fig. K), where PS = 0-55 7. If the line starts 
at P the balancing reactance at the E end must 
be that represented by curve F. 


are very different from those of a limited number. 
Each resonant circuit in a limited network has its own 
one definite frequency of resonance, but, as I pointed 
out in a previous paper on recurrent circuits (Journal 
I.E.E., 1926, vol. 64, p. 758), in a continuous series 
of such meshes each unit automatically adjusts itself 
to resonance at every frequency within the transmissible 
range. The characteristics could hardly - be more 
different. Other points referred.to by Mr. Robinson 
have been commented upon above. 

The broadcast lines listed by Mr. Latimer exhibit 
interesting features. The cut-off in the case of the 
Italian line is only just over 3000 p.p.s. The Dutch 
and Hungarian lines have cut-offs at over 10 000 p.p.s., 
while an extra-light circuit has a cut-off at over 5 000 
p.p.s. Of course, they are not efficient quite up to 
these limits. The view is expressed that the specially 
designed circuits (presumably those of very high cut-off) 
do not show any definite advantage over extra-light 
lines. This would be expected. Heteradyne inter- 
ference limits broadcast to 5000 p.p.s., so that it is 
useless to transmit higher frequencies. Further, no loud- 
speaker has yet been constructed which will reproduce 
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frequencies above 2000 with fidelity. (It is easy to 
design a speaker which will reproduce higher frequencies 
well, but its construction is difficult and its conditions 
of operation would not be considered practical.) Unfor- 
tunately, the habit of plotting curves to a linear scale 
of frequency tends to obscure the fact that 40 to 80 p.p.s. 
is as large a part of the musical scale as 2 500 to 5 000 
p.p.s. A line having a lower cut-off of 80 p.p.s. robs 
the output of over an octave which the modern receiving 
set can reproduce effectively. A line which cuts off 
at 4000 p.p.s. only robs the transmission of a major 
third; and even this small loss is rendered more tolerable 
by the fact that if the notes were present they would be 
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reproduced feebly. The obvious need is for lines which 
will transmit the bass, or rather will transmit it to such 
a degree that it is not necessary to filter it out. The 
Dutch and Hungarian lines offer an interesting point 
of comparison. Per section the Dutch line has roughly 
twice the inductance and half the capacity of the 
Hungarian line. The cut-offs are therefore approxi- 
mately equal. Per mile their capacities are equal 
but the Dutch line has nearly 4 times the inductance. 
Its attenuation is therefore less, and differential fre- 
quency distortion is thus reduced. Up to 5000 p.p.s. 
this line will closely approximate to a uniform line. 
It should be very easy to balance. 


A NEW METHOD OF MEASURING THE TOTAL POWER IN A BALANCED 
3-PHASE CIRCUIT, EMPLOYING ONLY ONE WATTMETER.* 


By H. MonTEAGLE Bartow, B.Sc., Ph.D., Associate Member. 


(Paper first received 21st March, and in final form 15th May, 1928.) 


It is well known that the total power absorbed in 
a balanced 3-phase circuit can be obtained by multiplying 
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* The Pa Committee invite written communications (with a view to 

blication in the Journal if approved by the Committee) on papers published 

the Journal without being read at a meeting. Communications should reach 
the Secretary of the Institution not later than one month after publication of 
the paper to which they relate. 


per phase. The neutral point must be accessible and 
if the load is delta-connected it is necessary to form an 
artificial neutral point by star-connecting three equal 
impedances between the lines. The method described 
below is applicable to any balanced 3-phase load. A, 
neutral point is not required and the instrument reads 
the total power without any multiplying factor. 

The connections can be arranged in two different ways 
as shown in Figs. 1 and 2, but the basic principle is the 
same in both.j In the one case the pressure coil of the 
wattmeter is excited by the difference between two line 
voltages, while the current coil is connected in series 
with the line common to the two circuits employed. In 
the other case the current coil carries the difference 
between two line currents and the voltage coil the pres- 
sure across those lines. The accuracy of the first 
arrangement depends upon the fact that when two line 
voltages are subtracted from one another their difference 
is 4/3 times each component and bears the same phase 
relation to the common line current as the phase voltage 
bears to the phase current. 

In the second arrangement two line currents are 
subtracted; the difference has a magnitude equal to 
4/3 times any one of them and is in phase with the 
pressure between the corresponding lines when working 
at unity power factor. 

The vector diagrams, which have been drawn for a 


+ The author desires to thank Prof. W. C. Clinton for drawing his attention to 
the reciprocal arrangement shown in Fig. 2. > 
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supply to three equal delta-connected inductive resist- 
ances, show how the currents and voltages are related, 


Current transtormer "a" 
[transformation ratio 1:1) 


identical current transformers are necessary in the 


_ scheme shown in Fig. 2. 
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Transformers having a transformation ratio of 1: 1 are 
employed throughout, so that they do nothing but alter 
the phase of the voltage or current by 180*. 

The arrangement in Fig. 1 has the advantage that 
only one potential transformer is required, whereas two 


The accuracy of the latter is perhaps not so much 
affected if the load becomes slightly unbalanced. 

It is hoped that these suggestions may have a 
practical application to energy meters for 3-phase 
supplies. 


THE ECONOMIC TRANSMISSION OF ELECTRICAL POWER.* 
By E. A. LoGan, M.Sc., Student. 


(Abstract of paper read before the NORTH-EASTERN STUDENTS’ SECTION, 4th November, 1927.) 


The need for economic transmission will be revealed 
by examination of the capital expenditure for an electric 
supply system, which usually shows that the cost of 
transmission accounts for one-half of the total outlay. 
In addition to this, the cost of a unit of electrical energy 
to the consumer is made up of interest and establish- 
ment charges and generation charges, which include 
the cost of coal, water and oil. To take as an example 
the popular figure of “one penny a unit,” the part of 
this charge due to generation costs will be only about 
one-sixth of a penny. By far the larger proportion 
is due to the interest charges on the capital expenditure 
on plant, and to management charges. There is thus 
not much scope for lowering the cost to the consumer 
by improving generating apparatus or efficiencies, and 
the possibility of reducing the cost would therefore appear 
to lie in cheapening transmission. 

Since the tendency in the future will be to use cables 


® A Students’ Premium was awarded by the Council for this paper, and it is 
the practice of the Council in such cases to publish the paper, in full or in 
abstract, in the Journal, 


only as connecting links between the overhead sections 
where it is impossible to use overhead lines, to speak of 
“ economic transmission ” is the equivalent of speaking 
of “overhead transmission.” Cables are a necessary 
and costly evil and, so far as higher-voltage cables are 
concerned, distinctly unreliable, to judge from recent 
discussions before the Institution. The overhead line, 
if properly designed and maintained, is now no longer 
regarded as a makeshift form of transmission. 

In general, the cost of an overhead line may be taken 
to be approximately one-half the cost of a cable of 
equal carrying capacity, for an equal degree of reliability. 

When speaking of the reliability of cables or overhead 
lines, it is as well to consider the period of interrup- 
tion which faulty conditions of either may occasion. 
Cable faults, whilst of comparatively rare occurrence 
at voltages up to 20000, are often difficult to locate 
and, when located, difficult to repair. Overhead-line 
faults, whilst not of such rare occurrence, are easy to 
locate and usually take little longer time to repair 
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than that required to reach the spot and perform some 
minor operation. It may even be possible to switch 
in again and take load immediately, without further 
trouble. It is possible to have several overhead-line 
faults compared with one cable fault for a given duration 
of interruption of supply. 

The study of transmission lines may, for convenience, 
be divided up into separate studies of the component 
parts—conductors, supports, insulators, etc.—which go 
to form the lines. 

Tvansmission-line supports.—Supports used for over- 
head transmission lines are usually made of steel, wood 
or concrete. Whilst from time to time suggestions as 
to the use of the last-mentioned material are revived, 
and some lines are erected using it, there seem to be 
almost insuperable difficulties in the way of its applica- 
tion in this country. However, there appears to be u 
limited scope for concrete poles where the necessary 
materials are cheap and where the poles are required 
by the side of roads and can be placed in position without 
much difficult handling in open country. 

A critical examination of the cost of transmission lines 
of various types shows that, for all except higher- 
voltage lines, those erected on wooden supports cost 
less than lines erected on steel supports. 

On account of the importance to the art of overhead 
transmission of conservation of the amount of timber 
used, the question of utilizing the material to the best 
advantage has been gone into very closely and a simple 
method of determining the economic span length of 
a wooden-pole overhead transmission line has been 
formulated.* . 

One interesting fact which is demonstrated in arriving 
at the economical span lengths of lines by the method 
referred to, is that it is sometimes cheaper to erect the 
heavier of two given conductors. 

Conductors.—The qualities desirable for an overhead 
conductor are a high ratio of ultimate strength to 


‘ weight per foot, and high conductivity combined with 


low cost. No one material possesses all these qualities 
simultaneously better than any of the other materials 


* E, A. Locan: “A Method of Determining the Economical Span Length 
si $ a Pole Overhead Transmission Line,” Electrical Review, 1926, 
vol. 99, p. . 


possesses them separately, and, as a result, it is found 
that of several materials each finds application in 
particular directions. Consideration of a transmission 
line as being an ideal straight line over flat country 
would suggest that the line conductors should be erected 
with as little sag as is consistent with the necessity of 
providing the minimum factor of safety under whatever 
mechanical loading conditions (superposed wind and 
ice) are specified. Transmission lines, however, are 
not straight, nor do they run over level country, and 
it may be found that a line employing the minimum 
permissible sag is not, of necessity, the most economical 
in practice, since the incidental high line tension results 
in excessive out-of-balance forces at angle and terminal 
positions of the line and also at places where the line 
contour is rapidly changing. This makes necessary 
the provision of stronger or taller supports than would 
be the case if the line tension were lower, and the expense 
thus incurred may easily be greater than would be 
necessary to provide slightly taller supports throughout 
the line to give the same ground clearance with greater 
sag. j 

The copper-alloy conductors are perhaps the most 
interesting of the modern conductor developments and 
it is in this direction that it is reasonable to expect 
most development in the future. An interesting 
development is the application of cadmium-copper 
conductors to replace the steel conductors of a small- 
capacity transmission line when the maximum carrying 
capacity of the steel] line has been reached. This 
involves no change in the design of the, line, since the 
replaced conductors can be of the same section and 
have the same sag as the old steel conductors, without 
any change in the mechanical loading of the supports. 

Imsulators.—Insulators are probably the least satis- 
factory of any part of the equipment of an overhead 
transmission line. Pin-type insulators are used for 
voltages up to 33000. Above this voltage the suspen- 
sion type of insulator is generally employed, though 
there are one or two examples of lines at 66000 volts 
with pin-type insulators. There have been no surprising 
developments of new types of insulators for overhead 
lines in recent years. 
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National Certificates and Diplomas in Electrical 
Engineering. 
The following institution has been approved under 
the scheme drawn up by the Board of Education and the 
Institution :— 


Approved for Ordinary Grade Certificates (Senior Part- 
tame Course). 


Kenrick Technical College, West Bromwich. 


Coopers Hill War Memorial Prize and Medal. 

The Secretary desires to remind competitors for the 
above prize and medal that the latest date for submitting 
their MSS. is the lst October, 1928. The award is 


limited to Corporate Members of the Institution who. 
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Particulars of the subjects for papers will be found in 
the April issue of the Journal (page 451). 
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THE NINETEENTH KELVIN LECTURE. 
“THE REVOLUTION IN PHYSICS.” 


By Sir OLIVER LODGE, D.Sc., F.R.S., Honorary Member. 


(Lecture delivered before THE INSTITUTION 191%: April, 1928, with Supplements. ) 


It is a great pleasure to address an audience of elec- : 


trical engineers, and it is an added pleasure to give a 
lecture associated with the name of Kelvin. I wish to 
thank the Council for. inviting me to do so. 


I had at first thought of calling this lecture ‘ Recent | 
Advances in Physics,” but the word '*“* recent” has a 


relative significance. Anything this century, since the 


time of Stokes and Kelvin, seems to, me recent; but what | 
connotes to the brilliant younger generation . 
of physicists is not the work of FitzGerald, Larmor, and . 


“recent ” 


J. J. Thomson; nor even of Bohr, Einstein, and Sommer- 


‘feld; for they are beginning to be what is called anti- 
quated. The names to conjure with now are Schrödinger, : 


Heisenberg, and Dirac—not. to mention some in this 
country.who are in everybody’s minds. 


of the question. Itis not unnatural to try to take stock 
of the advances made in the twentieth century, but one 
does not usually take stock in a period of active business ; 
at least, I suppose that is not the ordinary ‘commercial 
procedure. A period of retrospection is usually a period 
of comparative quiescence. 

Nevertheless, the advances during the twentieth 
century have amounted to a revolution; and, though it is 
difficult to summarize a revolution until it is over (and 
this one is by no means over), and though anyone who 
attempts it is sure to be often mistaken, yet a summary 
of its main features is what I propose to attempt, without 
being at all ambitious or sanguine as to the result. 

First of all, it is frequently said—though perhaps not 
quite so confidently as it was a few years ago—that the 
effect of the.revolution has been to abolish the ether of 
space. On the contrary, I hold that not only has the 
existence of the ether been established, but that a rational 
theory of it is beginning and, in my opinion, has already 
begun. The only people who really and effectively deny 
the ether are those who assert that in the dispute between 
Galileo and the College of Cardinals one side was as right 
as the other; in other words, that since we know nothing 
except about relative motion, it makes no difference 
whether the earth rotates on its axis or whether the 
heavenly bodies rotate round it once a day. People who 
say that are really denying ‘the ether, for they admit 
velocities of a nature impossible in any physical medium 
whatever—velocities which could only. exist or even be 

‘imagined in geometrical space of sheer emptiness. I do 
not know that any relativitists really say, except in the 
exuberance of comic exposition, that.the stars may just 
as well revolve round the earth once'a day: because 
even their own theories are against that. 


So I found that 
to give any idea of recent advances in physics was out | 


Once they | 


admit that the velocity of light cannot be exceeded by 
a material body, they are admitting the existence of a 
medium afflicted with that velocity in its very constitu- 


tion; they are speaking of something absolute, not 


relative.. The whole point of the theory of relativity is 
the discovery of invariants, or absolute quantities the 


same to all observers and identical throughout the 


universe. - If the universe itself has been discovered to be 
finite, so that its size can be calculated, that indeed is a 


tremendous discovery; but short of that a great many 


things have been discovered. ; 
I will run over a few quickly. First of all, whether 


the universe itself is an absolute unit (as it would be if 


it were finite) absolute units have been discovered. 
Possibly the finiteness of space only means that, if it is 
finite, it is our particular cosmos that is finite; we cannot 
say what is beyond it; there is no means of getting at 
what is beyond it. Still, absolute units have been dis- 
covered; that is to say, discontinuous things which can 
be counted. That is what absolute units are—things 
we can count. First of all, there is the discontinuous 
nature of electricity, the absolute unit of electric charge. 


‘Next, there is the discovery of the discontinuity or 


indivisible unit of radiation, which has extended its 
tentacles through all the intricacies of atomic physics in 
every department. The discontinuity of matter was 
observed long ago—at the beginning of last century I 
suppose—but. now the atom has been resolved into 
electric charges, which are localized portions of energy 
embedded in the ether. 

That is the idea I want to impress on you—Localiza- 
tion. The general body of the ether is not localized, of 
course, but there are specks in it which are. All things 
that we apprehend by our senses are localizations of 
ether energy. The properties of the ether must be 
appealed to before their constitution can be understood. 

The first step towards that understanding is the dis- 
covery that matter,is a form or manifestation of ether 
energy, just as radiation was always known to be. 
Radiation was always known to be a form of ether 
energy. It is a great discovery that matter is a form of 
energy. The constitutional velocity of the ether is 
commonly called c.: Iam not going to call it the velocity 
of light; it is perhaps the velocity of light; it is of the 
same order as the. velocity of light; but in its essence 
I regard it as the constitutional and probably turbulent 
rotatory velocity of the ether itself. Ether waves, we 
are finding, are not limited to that velocity. We can 
have a velocity much less than c; we can have a velocity 
greater than c, not of any material substance but of a 
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kind of wave. Iam glad to see that Dr. Eccles is present 
thisevening. He has told us that in the Heaviside layer, 
or anywhere where free electric charges exist, the waves 
are curled round, because they go at a velocity greater 
than c. 
it is only one instance. 

There are two wave velocitiet; ce is only the mean 


proportional between them. I dare say everybody | 


knows this, but we must go over some ground that is 
known, and in any case it has not been known very long. 


If u is the velocity of group waves, and v that of phase ` 


.waves, then c is the geometric mean between them.. 


uv = Cc 


They are both related to the properties of the ether and 
to that absolute velocity c, and that is a fundamental . 
speed from which the other two velocities may separate. : 


One is always less—the group velocity or the velocity 
of energy or, as we shall find, the velocity of a particle, 


is always less; the phase velocity is always greater. | 


But they may all three be nearly equal, for we know 
that the particle and the wave are coming very near 
together; one is only an extreme case of the other. 
Energy can travel at a group-wave velocity which may 
be quite small; indeed, it might be at rest—the speed 
might be zero—but in that case the phase-wave velocity 
‘must be very big. The smaller the group velocity the 
bigger is the other; if one is zero, the other is infinite. 

What does that mean? Well, I take it that it means 
this. Take an electron, for instance. An electron is a 
form of energy. It is travelling with the velocity u 
which, as 1 say, may be small. As it moves, its field 
moves too and spreads out. 1 must be very careful about 
this because I am not sure that what I am saying is 
quite correct. We used to think it must go out with 
the velocity c as it moved about, because that was the 
only velocity wc had attended to, but 1 am not so sure 
about that now. I think that it goes out with the 
velocity v. That means that something does not 
*“‘ travel ” exactly but is felt a long way off. There is 
no energy going out at that speed; it is a modification 
that goes out. It does not carry any energy with it. 
We may remember, when dealing with an electron, that 
infinity need only mean a millimetre or something of 
that sort. The field does, however, stretch out a long 
way, and from a stationary electron is felt at infinity. 
At any rate there are those two possible velocities to be 
considered. That is rather a digression. 
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PREVALENCE OF THE VELOCITY “c. 


I was explaining why I called ¢ the constitutional 
velocity of the ether and not simply the velocity of light. 
We shall have to generalize that. It was emphasized in 
its electromagnetic relations, as the reciprocal geometric 
mean of two ether constants, by Clerk Maxwell, and it is 
now found to dominate the whole of matter. Even the 
locomotion of matter is not explicable without it. The 
full explanation of a cricket ball or a railway train 
involves that constitutional velocity c. The fact is that 
everything is going.on in the ether, and so the properties 
of the ether always have to come in for accuracy and 
completeness. The speed c is finite, though for all 
practical purposes c is infinite, and then it cancels out; 


That is a most remarkable thing; though indeed | 


ely (e — °). 


but we are now beginning to get at it and to find that it 
does make a difference; it has an effect. The only true 
locomotion which we know of is movement through the 
ether. The intrinsic energy of matter is explicable only 
in terms of it. 

The intrinsic energy of matter, as everyone now 
probably knows, is mc”, where m is Biro, B being 
That is to say, if matter is in locomotion 
with the velocity v its mass is increased by a function 
of v; but whether it is at rest or not, that is the energy 
of the body. Itis bigger if it is moving, but its absolute 


or intrinsic energy is always mc?. That is to say, c comes 
into the very constitution of matter. 


The ordinary 
jmv? is only the increase due to motion. It can be 
represented also as c*dm. 


THE PARTICLE AND THE WAVE, OR DISCONTINUITY 
AND CONTINUITY. 


The nature of an ether wave is unknown, but such 
waves undoubtedly exist. The nature of a material 
particle is unknown, but particles exist too. One of the 
latest discoveries—one which I really might call recent 
—is the perception that there is no sharp distinction 


‘between a particle and a wave, that they shade off into 
‘one another, being only extreme cases of something 
which is really essentially continuous. 


Thus, in.spite of 
the exciting discoveries of discontinuities, continuity is 
once more being restored. 

There is, in fact, a continual conflict between continuity 
and discontinuity. It began in ancient classical times. 
There is a remarkable review of Lucretius in this week’s 
Nature, by D’Arcy Thompson, to which I should like to 
call attention. Very few of us could write an article 
like that, because we do not know so much about the old 
Greeks as he does. D’Arcy. Thompson’s father was a 
professor of Greek and he has kept up his scholarship as 
well as his scientific work. l 

There is a continual conflict, as I say, beginning in 
ancient times and continuing ever since, between con- 
tinuity and discontinuity. Every discontinuity dis- 
covered is an achievement, a step in advance. I do not 
suppose that we have exhausted them all; more remain 
to be discovered. I do not doubt, however, that 
continuity will conquer in the end. 


ETHERIC ENERGY IN GENERAL. 


Now I am going to enter a speculative region for a 
moment. Even in biology the conflict has been brought 
into notice. Organisms appear discontinuous, but 
Weissman urged that there is, nevertheless, continuity 
of life. Whether the same ideas have penetrated into 
psychology I would not presume to say, for that region 
is one of controversy, but I suggest that the discovery 
of telepathy represents a kind of continuity between 
minds, previously unsuspected. We think of ourselves 
as perfectly separate individuals, but, nevertheless, there 
seems to be some kind of link. 

Meanwhile the discovery of the ether as a universal 
medium, the seat of all energy, of which matter is a 
localized manifestation, has been made. What the 
connection may be between this material energy on the 
one hand, and those other manifestations which appear 
to us not as matter but as life and mind, remains for the 
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future gradually to discover. 


and that what we perceive is different aspects of some 


one fundamental thing. Matter and energy and radia- 


tion have already to some extent been unified; they 
constitute the physical aspect of things. The psychical 
and the physical are also related, as a matter of common 
experience, though the nature of their unification remains 
as a problem for the future to solve. 

With this preamble I enter on my comparatively 
commonplace theme, which is to discuss and illustrate 
a few of the salient features of the revolution in physics 
during the twentieth century. 


RETROSPECT. 


The nineteenth century came to a climax, as far as 
physics is. concerned, with the discovery and isolation of 
the electron—the discontinuous nature of electricity. An 
electron turned out to be a natural unit, of specified size 
and mass (though I must say its size is becoming rather 
questionable) with measurable momentum and energy 
when propelled by a given drop in voltage. The same 
electric units were obtained from every kind of atom, 
irrespective of its chemical nature; and they were proved 
by Zeeman to be the particles which generated radiation, 
light. Their impacts when suddenly stopped in a 
vacuum tube, were found to generate a new kind of 
radiation, X-rays. Their whole mass corresponded to 
their electric charge, if concentrated in a sphere of given 
size, in accordance with a general theory formulated by 
Sir J. J. Thomson so long ago as 1881. They were thus 
found to have no matter associated with them: their 
mass increased with speed in a way which was calculated 
from purely electrical principles by both Oliver Heaviside 
and Sir J. J. Thomson. I have given the factor $ above 
in its simplest form; it looked much more complicated 
when first calculated in Heaviside’s early papers. 

This is commonly called the relativity change of mass; 
but only because the theory of relativity has extended 
it from the electron to all matter. That was not in the 
original theory; it was an electric charge alone that thus 
behaved, giving an increase of inertia with velocity— 


- mass a function of speed. When that was verified it 


had important consequences, and it must mean some- 
thing vital; but note that it came out on electromagnetic 
principles, the electrical theory of matter, which existed 
before relativity was thought of. 

But now, according to relativity, it does not signify 
whether there is any ordinary mass associated with an 
electric charge or not; matter would behave in the same 
way. That is the postulate—it is one of the postulates 
of the relativity theory. The original theory has been 
generalized and extended to all matter. 

It seemed, 20 or 30 years ago, that a great deal was 
known about the electron—its ‘size, mass, etc. Some 
of this knowledge still remains valid, but the twentieth 
century has succeeded in putting everything back 
into the melting pot and reducing the electron itself to 
a curious state of uncertainty, an uncertainty which 
always existed as to its nature and constitution but now 
applies to its size and speed. Heisenberg has a theory of 
uncertainty, to the effect that if we know one fact about 
a thing we are quite uncertain about another, whereas 


Everything seems to show - 
. that the whole universe is welded together into a unity, 


if we know the second fact we are uncertain about the 


‘first; we cannot get them both. That is a very curious 


and interesting state of things, but it cannot be the last . 
word on the subject. Electrons may still be treated as 
structures in the ether, of an unknown character; but 
no longer can we be so dogmatic about them as we were 
at the beginning of the century. 

- The way they produce ordinary radiant energy has 
been worked out in great detail by Bohr, on the assump- 
tion of unexplained quantized orbits in which they can 
remain stable. without radiation, and from which they 
cannot jump without exciting radiation of a perfectly 
definite frequency, which can be predicted arithmetically 
and then accurately verified by spectrum analysis. Very: 
little of this was known to Lord Kelvin, who died in 
1906; and probably no suspicion of it had dawned on 
Clerk Maxwell, who died some years before that. I doubt 
if even FitzGerald, who died in 1901, grasped the conse- 
quences which have followed from the discovery of the 
discontinuous nature of electricity. 

Now, Louis de Broglie and Schródinger adduce evi- 
dence that electrons at high speeds are associated with 
a train of waves.. The simplicity of the wave theory 
of light has been complicated by the quantum into a kind 
of corpuscular theory; while the corpuscles themselves 
are being resolved into waves. All this is very puzzling, 
but at the same time very interesting. For its complete 
solution the present generation will have to wait, or 
rather. it will have to take part in finding it. 

Meanwhile, and temporarily, the ether of space has 
had to suffer the same kind of doubt. It is argued that 
if radiation is something shot out in quanta, it may be 
shot out into perfectly empty space, and that the need 
for an etheric vehicle of communication has disappeared. 
1 do not agree with that, for a great many reasons; but 
all theories are being overhauled, and the end is not yet. 
Lord Kelvin would be keenly interested and very much 
perturbed by the present state of physics, which is full 


, Of hypotheses which would have seemed to him wild, 


and which are certainly of a revolutionary character. 
The mathematical methods employed are of a novel and 
undynamical—a sort of experimental —kind, very diffe- 
rent from those which dominated the nineteenth century 
and which were so successful ın dealing with the then 
known properties of matter. 

With the ether, however, those theories did not satis- 
factorily deal. . Something apparently inexplicable inter- 
vened, directly the ether was brought into notice, in the 
nineteenth century. There was a puzzle as to how ether 
and matter were interconnected, as well as about the pos- 
sible constitution of the ether itself. Both Lord Kelvin 
and FitzGerald made attempts at a dynamical ether ; 
that is to say, they sought to explain the properties of 
the universal medium in terms of mechanism, construct- 
ing or imagining mechanical models which would have 
something of the same sort of properties and would give 
or suggest a possible constitution for an electromagnetic 
medium. They aimed at thus explaining the phenomena 
of electricity, magnetism, and light, mechanically. 
(They did not attempt to introduce gravitation.) On the 
whole they failed. 

The ether regarded as an elastic solid had a long day, 
and at one time promised well, but sooner or later it 
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always collapsed; its contradictory properties could be 
reconciled only by special pleading, and at length all 
came reluctantly to the conclusion that the ether could 


not be explained in terms of mechanism. We began to 


think that the laws of dynamics would not apply to it. 
The Newtonian laws are sufficient for ordinary matter, 
but even there they require extending to cover extreme 
cases, like violent velocities; and extremely low tempera- 
tures cause some difficulty. Discontinuities began to 
make their appearance in electricity and in its relation 
with matter at a very low temperature. Mechanical 
theories of the ether had to be abandoned. This is what 
is meant, or should be meant, by the statement that the 
ether no longer exists. The arguments for an ether of 
some kind are as valid now as ever they were, and Einstein 
himself has devoted three lectures, in a little volume 
entitled ‘‘ Sidelights on Relativity,” to insisting on the 
physical necessity of an ether if the new equations are 
to be interpreted in physical terms. We do not need it 


for working mathematics, but we do need it when we 


come to physics. 

The characteristic constant of the modern ether is the 
constitutional velocity c, and that is the dominating 
factor. | 

A little later on, ifI have time, I want to say something 
about a possible constitution for an electron, though I do 
not suppose it will be anything that is finally correct. 
Sometimes, however, a position may be helpful as a 
stepping stone, even though it has to be discarded. 

I need not remind electrical engineers that electrons 
are what this Institution specially deals with. In one 
form or another, they are what electrical engineers 
harness, drive, and utilize, so that it is only natural for 
you to want to know what sort of things they are. You 
have had these active little creatures harnessed for some 
time, and have propelled many things by their aid, from 
telegraph messages to railway trains; but you have never 
been allowed to see them, even metaphorically. They 
are cloaked, so that we are like a costermonger with 
a shrouded animal between the shafts, who does not 
know whether it is a dog, a zebra, or a donkey, and can 
only infer its nature from its more or less tractable 
behaviour. Electrons have certainly proved themselves 
not only very active but very tractable, very obedient 
to the smallest guidance, while at the same time they are 
very energetic. We can readily drive them along wires, 
but then we cannot count them: we do not know at 
what pace they travel in a wire. It is very odd that 
even now we have something less than full and complete 
knowledge of all that happens when we press the button 
of an electric bell. _ 
- What I have brought here to read or speak about is 
only a fraction of what I have written, for I must be brief. 
I should like, however, to say just a word about the 
tractability of these electrons and how docile they are. 
When we reckon the potential of an electron on ordinary 
principles—taking it as a sphere of the size that we 
admitted at the beginning of the century, taking its 
known charge and dividing by the radius to get the 
potential—we find that its potential is over 700000 
volts; and that is why it behaves in Fleming’s valves in 
the way it does. You can imagine how quickly it 
nesyones it has got hardly any mass, and it has got this 
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tremendous potential. 
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Naturally, therefore, anything 
like the speed of sound vibrations is practically rest to 
it; it follows them with perfect ease. At the same time, 


I think that everyone must be really surprised, though 
they know why it is so, when they hear the tones of. 


music and the tones of speech coming out with such 
perfection as they do through wireless valves. That an 


ether disturbance can travel all that distance and then be 


reproduced and turned back to sound with such great 
precision is an astonishment not only to the general 
public, but even to those who know more about it. 

It was found that high-frequency radiation was able 


proportional to the vibration frequency of the light or 
other radiation which: expelled them, though why that 


proportion between frequency and energy existed we 


did not know. We do not fully know now. In the 
atomic structure there is evidently something deep- 
seated which will account for this relation (something 
which was detected by Max Planck), and for the reciprocal 
fact that the speed or energy of a flying electron deter- 
mines the frequency of.the light which it emits when 
stopped. 


A POSSIBLE CONSTITUTION FOR THE ETHER. 
Let me for a moment go back to the only semi-dyna- 


-mical theory of the ether which seems likely in any: 


degree to survive—or, perhaps, I should say to be revived 
by posterity—namely the hydrodynamical ether or 
perfect incompressible fluid in vortex motion, the fine- 
grained rotational structure or vortex sponge worked on 
by both Kelvin and FitzGerald. The problem was to 
find how a substance which filled all space without the 
least obstruction or resistance to the passage of matter 
through it—it does not interfere with the motion of the 
heavenly bodies or anything else—and which therefore 
seemed to have the properties of a perfect non-viscous 
incompressible fluid or liquid, could nevertheless 
transmit transverse vibrations, which are transmissible 
only by solids with a certain amount of rigidity, capable 


_ of elastic deformation and recovery. It was known that 


no fluid could do that. A fluid can only transmit 
vibrations at all if it is compressible, and the waves are 
then those of sound. Newton investigated that, and 
reckoned the velocity of sound as +/(E/p). But now the 
question arose of whether a fluid in vortex motion might 
not possibly be able to transmit transverse waves, for 
vortices have many of the properties of a gyrostat, 
properties conferred by rotation; and a gyrostat has a 
peculiar reaction to force, tending to move at right 
angles to the force applied, so that we might expect any 
impulse or disturbance to be transmitted in an unusual 
way. The result was to show that on a certain hypothesis 
transverse waves akin to those of light, and therefore 
capable of polarization, could be transmitted, and that 
they would travel, according to Lord Kelvin’s calculation, 
with a speed 4c,/2. Kelvin's calculation about the 
hydrodynamical ether, the rotational ether, was that the 
velocity of light would not be c, but would be a fraction 
of c—the factor being +/2/3. That possible or partial 
theory was followed up by FitzGerald, but has not been 
followed upsince. There were difficulties about stability. 
Nowadays, however, a doubt about stability is not fatal, 


to expel electrons from certain substances with an energy. 


OTA. 
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since something unexpected, like the E may 
always come in to stabilize things. Bohr’s orbits were 
not stable until the quantum arrived; and even now no 
one can fully explain the quantum, though admittedly 
it has stabilizing qualities, since it emphasizes whole 
units and declines to admit fractions. It refuses to 
permit continuous emission; it favours jumps rather 
than slides, and prefers staircases to slopes. Dr. Jeans 
has said that if it were not for the quantum, matter 
would very quickly radiate itself all away into the 
ether—I do not think that he uses the term “ether,” 
but never mind—into space. We can use the term 
“space” quite well—only it is space with physical 
properties. The only reason why everything does not 
go off in a flash is because of the quantum; the quantum 
has rendered matter permanent. There is more sense 
in that than appears at first sight. | 

A more deep-rooted objection to even this quasi- 
dynamical theory is that all such attempts seemed 
superseded and rendered unnecessary by Clerk Maxwell's 
work. He showed, finally and completely, that the 
lateral or transverse disturbances associated with the 
transmission of light were electric in one direction and 
magnetic in another, and not what we commonly call 
mechanical at all. That is undoubtedly true, but it is 
not the final word. It does not end the discussion. For 
what is an electric displacement in the ether? And 
what is a magnetic field? There always seemed some- 
thing rotatory about magnetism, and if so there must be 
something which rotates. Electrification and magnetiza- 
tion themselves want explaining. They are not functions 
of matter; an electric field terminates on matter; but a 
magnetic field does not do even that. The electric field 
and the magnetic field are not in matter at all. They 
must be explained in terms of an etheric medium. A 
gyrostatic or rotational medium is just what is wanted. 
According to Larmor’s theory, the electric field itself is 
a kind of static twist; while a magnetic field is kinetic 


and has a flow along the lines of force, a flow which ' 
If there — 


presumably constitutes the energy of the field. 
is such a flow it must be very slow, for it has never 
been observed. I have looked specially for it (see Philo- 
sophical Magazine, April 1907). I have not given up 
all hope of observing it, but I have reason to think an 
enormously strong field will be necessary before any 
trace of etheric motion becomes perceptible. If I were 
younger I should try to press Dr. Kapitza into the 
service and utilize his striking methods of producing 
enormous currents and correspondingly strong magnetic 
fields. 

He was describing his experiments to the Royal 
society lately; you may have read about them. The 
coils he has wound are small, and are strengthened by 
steel in every possible way, because the currents are so 
strong that when they repel each other the coil tries to 
expand, and can actually explode; it is dangerous. No 
one before had ever got such magnetic fields. The coils 
have to be strengthened lest they fly asunder or explode 
under the magnetic stress. But although Dr. Kapitza 
can produce small fields of enormous strength he cannot 
yet extend them over the length required to give a 
chance of detecting, by means of a beam of light, what 
I estimate to be a crawl along the lines of magnetic force. 


Why should it be so slow? Besa the ether is a 
substance of tremendous density, utterly different from 
such estimates of density as were made by Lord Kelvin 
in the last century. My estimate of ether density, and 
several reasons for it, are given in the Philosophical 
Magazine for April, 1907. They all lead to the same 
result. It comes out as of the order 1012, 

1 may be asked what the density of the ether can 
mean. It only means, as usual, inertia per unit volume, 
and as to what inertia means 1 can only say that it 
means something very fundamental in the physical 
universe. We know that the inertia oí an electron is 
explicable, in a fashion, in terms of ‘its electrostatic 
field. Its inertia is due to that, or rather to the magnetic 
field generated by the motion. This it is which causes 
its motion to persist and which reacts against acceleration 
of any kind. This, however, is not a fundamental 
explanation of inertia; it only throws the mass of a 
moving speck on to the surrounding medium. The same 
must be said if the universe is reduced to waves; the 
momentum of waves has to be explained, too. Waves 
would not have momentum unless the substance carrying 
them had inertia. I expect it will be found that all 
inertia exists in the ether, fundamentally; and if so, 
whether the estimate 101? is right or not, many physicists, 
including the high authority of Sir J. J. Thomson, admit 
that the etheric density must be enormously greater 
than that of any known form of matter, even that in 
stars like the companion of Sirius. For, after all, 
matter inevitably is a collection of discrete particles 
with interspaces between them, and in itself it has no 
more substance than a thin cloud of dust or dirt. 
Matter, indeed, is like some granules of dirt distributed 
through an ocean of clear water. 


COMPLEXITY OF LOCOMOTION. 

In the remarkable advances and brilliant speculations 
of modern physics there are signs of a vast simplification, 
not yet achieved but giving indications of its approach, 
in our knowledge of the universe. The electromagnetic 
theory of light was the beginning of it; the electrical 
theory of matter is another great stride; the analysis of 
the atom is another; and already we are able to say that 
the whole material universe is built up out of aggre- 
gations or special arrangements of the two opposite 
unit electric charges, which themselves are unknown 
structures in the ether of space. It is surely a great 
simplification to be able to think that the whole complex- 
ity of material existence is reducible effectively to these 
two ingredients; although the reduction is not ultimate, 
because these two units cannot be fundamental, they 
must require further explanation. But our present stage 
is a simplification. 

In working towards this, a curious sate of things has 
arisen. In the attempt to simplify the complex, we find 
it necessary to complicate the simple, or rather to detect 
complexity in what we have hithérto regarded as simple 
and have grown familiar with. Modern physics aims at 
simplifying the complex by the aid of relativity and 
quanta, but it has raised difficulties where previously 
we detected none, and has made simple things complex. 
For instance, what can be more simple than ordinary 
locomotion? What can be more simple than the motion 
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of an atom, a cricket ball, or a flywheel? Yet we find 
there is much in this familiar fact of locomotion which 
we do not understand. Again, a beam of light seemed 
a comparatively simple thing; but now the structure of 
light has become puzzling and has acquired some of the 
properties of matter. Reciprocally, matter has acquired 
some of the properties of light. The particle and the 
wave are more closely related than a few years ago we 
should have thought it possible to imagine. 

With regard to the quantum theory, I begin to think 
that quantum mechanics will not long survive un- 
changed; I think that it will give way to wave mechanics. 
Quantum mechanics will be explained in terms of wave 
dynamics, begun by Monsieur de Broglie and developed 
by Prof. Schrédinger and others. The quantum theory 
made waves behave something like particles; conversely, 
the new dynamics makes particles behave something like 
waves. There must be ultimate unification, but that 
lies still in the future; we must be content for the time 
to regard things from two apparently inconsistent points 
of view. Last year Dr. Max-Planck received the 
Franklin Medal of America and.made an important pro- 
nouncement. He said: ‘‘ You all know that theoretical 
physics, which developed and progressed consistently 
through 200 years, and only a gereration ago seemed 
near to its final conclusion, has now entered a critical 
period fraught with serious consequences. Its funda- 
mental laws, like the conservation of energy, still hold, 
but our mental pictures of the occurrences have been 
thrown into confusion. Many concepts which could be 
counted amongst the most simple and evident in the 
world have turned out to be obscure, doubtful, and even 
contradictory. In many respects we must straightway 
build up from the very beginning. In the nineteenth 
century everything was reduced to mechanics; now the 
very motion of matter itself is in need of explanation. 
Experience has obliged us to recognize the inevitable 
conclusion that the laws of mechanics are not funda- 
mental, and that even the material particle, under the 
circumstances of sharply curved motion, loses its 
meaning.” 


.CORPUSCLES AND WAVES. 


An electron at rest—if there is such a thing—or one 
in uniform motion in a straight line, presumably has a 
shape, position, and speed, which can be stated; but 
directly it is subject to acceleration, even centripetal 
acceleration as in an orbit, with reaction between it and 
the surrounding ether, there must result some kind of 
wave disturbance; either progressive waves, like ordinary 
radiation, orelse stationary wawes. Stationary waves are 
those obtained by reflecting one set of waves back upon 
itself. We have an example of them in any musical 
instrument—whether string or wind. 

When acceleration is violent, the electron seems to 
merge into these waves. We see this to some extent in 
the ordinary production of X-rays. There the negative 
collision acceleration is violerit, and the result is an ether 
pulse; but we find itin centripetal acceleration also when 
the curvature of the path is excessive, as it is inside 
the atom. The motion then resembles the waves on 
á vibrating string—stationary waves rather than a 
revolving particle. The electron seems to spread out 


over the whole path, the circumference of which must, 
it has been held, be a whole number of wave-lengtbs; 
and Bohr’s series of stable orbits are thus accounted for. 
An electron cannot rest in an orbit with a fractional 
number of wave-lengths. When stable it no longer 
radiates, and its energy is conserved, but in a wave 
form; corpuscular mechanics resolves itself into wave 
mechanics. They have not been investigated in all their 
details, but these principles, introduced by de Broglie 
and Schródinger, are already established on a solid 
foundation. 

So the corpuscular quanta dissolve into wave forms, 
and the wave forms begin to resolve Y into 
corpuscles and quanta. 


EXPERIMENTAL VERIFICATION. 

Our difficulty in dealing experimentally with this 
subject is that we cannot make experiments on the 
ether directly; we have no means of examining radiation 
in free space; we can deal with it only when it interacts 
with matter. We can study its generation and absorp- 
tion, and the other accidents which happen to it when it 
encounters an atom, but all our apparatus and instru- 
ments of investigation, including the eye, are made of 
matter; and apart from matter we have to proceed by 
inference. Nevertheless, some experimental confirma- 
tion of the existence of a wave structure as part of a 
flying electron has recently been made by Professor 
George Paget Thomson of Aberdeen, son of the Master 
of Trinity, and is published in the Proceedings of the 
Royal Society for February of this year. 

: I should like to say something about this, because I do 
not suppose everybody knows about it; it really is 
recent, and I think it is extremely important. We have 
grown accustomed to the Braggs père et fils; we have now 
to grow accustomed to the Thomsons père et fils. This 
is what young Thomson does. He takes a vacuum tube 
with a cathode at one end, faced by a fine orifice, which 
is really a tube of about 0-1 mm diameter; and at the 
other end a screen or a photographic plate. The cathode 
rays that get through this very fine hole are like a fine 
pencil of light and would make a small spot on the plate. 
In their path he puts an extremely thin film of metal. 
If it were of any appreciable thickness it would be 
opaque and give an X-ray kind of scattering. He 
does not want that; he wants the rays to be just 
once scattered, so that instead of getting a point on the 
plate we might expect a small patch. The metal film 
required is so thin that of course it has to be deposited 
on something, for it could not support itself; it is a film 
of almost molecular thickness. That is the simple 
arrangement. What is the result? If proper pains are 
taken, and the metal is thin enough, he gets on the 
examination plate not a point but a point with rings 
round; that is, he gets a diffraction pattern: which 
means waves. Now,-: there were originally no waves 
there, only rapid particles, and yet he got a wave pattern 
when he drove them at a sufficiently high speed. I 
think particles have to travel at a certain critical speed 


before they behave anything like waves or emit any 


waves. That is in accordant analogy with Stokes's 
theory of long ago about waves in the air. A lady's 
fan does not generate waves, but a beetle's wings or a 
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bee’s wings do. Slow motion does not generate even 
long waves. . Why not? Because it does not compress 
the air; the air goes round the edges of a fan. What 
happens in the ether I do not know, but I fancy there is 
a limiting sort of frequency of vibration beyond which 
the ether may be called opaque, meaning that no waves 
are sent out; but at high speeds, after a considerable 
voltage-drop between cathode and anode, we get this 
diffraction pattern more or less clearly. 

If that were all, that ring pattern might indicate waves 
all right, but an objector might.say the waves had been 
put into it by the metal or crystal film, just as an opal 
puts a definite wave-length into light, the wave-length 
depending on the laminated structure of the crystal. 
We can get a musical note by standing in front of a 
flight of steps and clapping our hands, or from a row of 
palings by rapping a stick on the pavement—we get 
back a kind of whistle as an echo, as everyone knows. 
That is explicable enough; the reflected pulses come one 
after the other in regular sequence, and give the effect 
of a musical note. Thus colour can be put into light, or 
a musical note into sound, although they were not in the 
original pulse. You might say that is what is happening 
here; but then you have not heard the whole story. 
First of all, the experiment is an outcome of a definite 
theory—a theory which associates wave motion with 
rapid particles, and enables us to calculate the wave- 
length from the potential drop which propelled the 
particles. The experiment is a verification of that 
theory, and the quantitative agreement demands that 
the waves shall be inherent in the particles and not 
have been put into them by the film. Secondly, there 
is this further experimental fact. Take a magnet and 
apply it to the trajectory of the particles. Everyone 
knows that a flying electron is deflected by a magnet, so 
we should expect the spot where the electrons hit to 
shift; but we should not expect the magnet to have any 
effect on the waves. Watch what happens to the diffrac- 
tion pattern. Does it stay behind? If it did, the 
discovery would not have been made. The pattern 
shifts too! A magnet wipes most of the pattern out 
from the original place and puts it round the deflected 
spot. They move together. 

It must have been an exciting moment when George 
Thomson saw the shift of those diffraction rings: no 
light hitherto had responded to a magnet. Faraday 
made many attempts, even I myself used to make 
attempts, to deflect a ray of light by a very strong 
magnet or by a prism-shaped magnetic field; but it had 
no effect. Here we have, as it were, light of anew kind; 
and therefore this is really a very important discovery. 
The associated waves are of excessive frequency. 
The frequency depends on the voltage, it comes out 
at over 10%-—much higher than X-rays. It can be 
higher than y rays, I think. At any rate, the frequency 
is about as high as anything we know, and the waves are 
amenable to a magnet. The wave structure, because it 
is associated with a flying particle, is deflected by a 
magnet. 

Now let us run over the main features of the de Broglie 
theory thus verified. That gave a prediction of the wave- 
length to be expected. When we have rings like New- 
ton’s rings we can measure the wave-length; the diameter 


of the ring gives us the wave-length. Thus the prediction 
can be checked. 1 will put the theory in its simplest 
form—the form for a small circular orbit, which we may 
suppose extended to meet. the case of acceleration 
generally, and which anyhow acts as a suggestive clue. 
First of all, we have Planck’s quantum, 


PRL 
— m 


where n is a whole number, an integer, no fraction 
permitted. This is equivalent to a detection of discon- 
tinuity in angular momentum. I suppose all angular 
momentum is subject to that law: though if n is large 
the discontinuity tends to disappear, it averages out 
and becomes continuous; but if n is a small number, and 
especially if n is unity, then discontinuity is conspicuous. 
Next comes de Broglie’s assumption, that  ' 


Qar = nÀ 


We may call it a hypothesis—that the circumference of 
an orbit must be a whole number of wave-lengths for 
any stable orbit. A string can only vibrate steadily 
when its length is a definite number of half-wavelengths; 
a loop must have an even number of half-wavelengths; 
so nÀ gives the circumference 27r. Putting those two 
simple equations together, we get as the predicted 
wave-length 
h 


mv 


Here m is the mass of the particle and, since it is going 
very quickly, we may have to take it that m = Bm; 
but never mind that, let m be the mass of the particle 
under the circumstances. Then when it is moving with 
the velocity v, h/(mv) gives us the wave-length of the 
waves associated with it—travelling with it much as 
the set of waves thrown off from the bow of a steamship 
travels with the ship. 

Now, how do we get v? We can reckon it easily 
enough, in the usual way, by the potential-drop: 


mv" = eP 


where e is the charge and P is the potential—the drop of 


| voltage. Putting that in here, we get 
| \= h A 
mo 4/(2emP) 


Now looking at that expression for the wave-length we 
see that AyP should be constant—according to theory, 
if the orbital theory lends itself to extension or generaliza- 
tion in this way. So the theory can thus be checked. 
We have only to measure the diameter (D) of those 
rings, on the screen or photograph, to get the wave- 
length. It comes to the same thing as Dy/P = constant. 
Thomson measured the potential-drop down his cathode 
ray, and measured the diameter of the rings in each case, 
and he found that Dy/P was constant. 

Furthermore, the theory is verified still further by 
calculating . the absolute value of that constant. 
AyP = constant = h/4/ (2em). It is only a question of 
arithmetic to calculate the value of h/y/(2em), since h, 
e, and mare all known. If I remember rightly, it comes 
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outas 7 x 10-9, Inany given experiment the wave- 
length and the potential are known; so we can check 
that and see if Ay/P does come out as 7 x 1079, It 
does, within a few per cent. The wave-length is exceed- 
ingly short, something of the order of 10—9 or 10—10, 
but the theory and the metrical experiment agree. 

I may be asked what is the size of the rings corre- 


sponding to a given potential drop. Suppose the drop © 


was 18 000 volts; the diameter of the rings was 3 cm. 
They are quite big, measurable rings. If the potential 
drop is bigger, say 44000 volts, then the diameter is 
2cm. If we go up to 56000 volts along the vacuum 
tube propelling these electrons, the ring diameter comes 
out as 1-8, It varies inversely with the square root of 
the voltage-drop. That, in brief, is the quantitative 
aspect of the experiment. The theory and the experi- 
ment agree. 

The important difference between these waves with 
nuclei in them, and ordinary X-rays, must not be 
forgotten; one variety is amenable to a magnetic field, 
while the other is not. Otherwise, they behave like 
light; they are waves associated with a particle. We 
have got a state of affairs where the thing observed is 
neither particle nor wave, but a mixture of the two. 
The ordinary particle is one extreme; the wave of light 
is the other extreme. In other words, matter is one 
extreme and light is the other; but here we are recogniz- 
ing an intermediate thing, which is going to unite the 
two and give us a demonstration of the physical reality 
of the light quantum. For, note that the nuclear wave 
is a quantum. When it is absorbed it is all absorbed— 
the whole of the energy—whether it is in the particle or 
in the wave-system travelling with it. The physical 
reality of light quanta is established. (Compare Prof. 
Whittaker, Philosophical Magazine for November, 1926.) 

There is more to be discovered about ordinary radia- 
tion, but I conceive that this is a kind of radiation of a 
new type, and is a momentous discovery, confirmatory 
of wave mechanics, which is the beginning of a compre- 
hensive theory of the ether. 


ETHER PROPERTIES. 


I had other things to say, about a rotational or 
turbulent ether, and about the work of Oliver Heaviside, 
who tried to begin such a theory and develop Clerk 
Maxwell’s equations out of it, in a tentative sort of 
fashion which did not quite catch on; but I must leave 
that to be added later. I also wanted to say something 
about the possible structure of an electron, and for that 
I will venture to trespass on your time for a few more 
minutes. 

It seems almost retrograde to talk about the structure 
of an electron as if it were a sphere. We never knew for 
certain that the electron was a sphere. We know that 
all the heavenly bodies are spheres—or as near as makes 
no difference—but the reason for that is known; they 
cannot he of any other shape if they are big enough. 
A big thing must be spherical. If it were a cube its 
corners would fall in under gravity; even the Himalayas 
have trouble in holding themselves up, and that is 
nothing to the trouble the corners of a cube would have; 
they would smash themselves in. Big things must be 
spherical. But little things need not be. An electron 


might be a ring or a vortex, or a fibre; it might be all 
sorts of shapes; we do not know what it is. . When it is 
moving .quickly in a small orbit it is like a series of 
stationary waves. The greater the acceleration—the 
curvature—the more is the wave aspect of it emphasized. 
Nevertheless, there must be a sort of static theory of 
the electron. It is not always flying at terrific speed, 
as it is in a vacuum tube with thousands of volts behind 
it; it is sometimes fairly quiescent, moving only with 
the velocity of the earth—20 miles a second, something 
of that sort—quite slow. 


THE POSSIBLE STRUCTURE OF AN ELECTRON. 


Let us now consider whether we can imagine any 
method of localizing a strain in the ether so as to produce 
the unit of matter which we call an electron, taking first 
the negative electron as the simplest. Ways have been 
suggested by Sir Joseph Larmor of inflicting a twist on 
the ether, and then, by some rather obscure device, 
clinching or fixing the twist, so that it remains a 
permanence. 

A simpler method commends itself to me, by blowing 
a bubble or minute cavity in the continuous structure of 
the ether. To produce such a hollow against the 
enormous pressure must involve a great deal of energy. 
To produce a vacuum in air, we have to overcome the 
pressure of the atmosphere; the work done at every 
stage being pdv, and the whole energy required to 
produce a cavity of volume v, against a constant pres- 
sure p, is pv. The work so done must therefore repre- 
sent at least a part of the whole energy of the electron 
so formed, assuming that an electron is a hollow in the 
ether. But it does not represent the whole of the 
electron’s energy, for a great strain is put on the ether 
all round the hollow, and lines of strain permeate the 
ether in all directions, which we recognize as its electro- 
static field. (These lines in a rotational medium would 
be accompanied by a twist or torque.) The energy 
resides therefore not only in connection with the hollow, 
to be given up when the hollow collapses, but in the 
inseparable electrostatic field also; and this latter energy 
may be the greater of the two. 

When we reckon the energy of an electron or the mass 
of an electron, as was done long ago, we find it is entirely 
accounted for by its electromagnetic fields; that is to 
say, by what happens all round it. It cannot have any 
substance inside it. In my view, the ether density is 
very great, and if the electron had stagnant ether inside 
it, it would have too much mass—at least double what 
it actually has. My postulate is that the electron is 
hollow. 

Now I have to show reason for imagining that the 
ether is exerting great pressure. The pressure of the 
ether I regard as pc?; p = pe*. It is sometimes called 
the Poincaré pressure; because Poincaré postulated a big 
pressure in the ether. I want to follow that out. If 
that pressure is pc”, where p is the density, p comes out 
as 10%, That is an enormous pressure, but the ether 
must have enormous properties all round, when we 
consider what it has todo. It transmits gravity and all 
the other forces we apply to it, without feeling the least 
strain or making any trouble about them whatever. It 
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has a big velocity of wave transmission; everybody 
knows that. All its other properties are enormous. 

Now, how can a hollow sustain itself under this 
pressure? Entirely because of its electric charge. The 
electric charge, when we electrify a body, is a tension 
2702; that is the tension causing it to expand. The self- 
repellent charge on an ordinary body is held in and 
sustained by something solid inside it, like a brass 
sphere, or like the air in a soap bubble—though a soap 
bubble slightly expands when it is electrified. A really 
empty bubble must be charged until the electric tension 
and the external pressure balance. For what size of 
bubble could there be equilibrium? Let us calculate 
the potential energy. To get stable equilibrium, we 
must have the potential energy a minimum. Consider 
the total potential energy of a hollow charge under a 
pressure p all round it, and a charge Q. First of all, 
to make the hollow, we shall have to do a certain amount 
of work, To expand the volume v under a pressure p 
requires work pv: so the total 


- Energy = pv + ¿QP 


half the quantity multiplied by the potential, a perfectly 
ordinary expression, assuming that it is still true. So, 
treating the hollow as a sphere of radius r, we write 


4 Q? 

E = gP + oR 

That is only writing the same thing fully out in terms of 
the radius. We want to see what is the relation between 
the pressure and the radius which will give us equilibrium ; 
in other words, what would be the size of the sphere that 
could sustain the pressure? Differentiating that expres- 
sion and putting it equal to zero, to express that the 
potential energy must be a minimum, 


That is, the pressure multiplied by the fourth power of 
the radius is proportional to the square of the charge. 
A charged hollow would be crushed in until it attained 
that size. (Note that d?E/dr? is positive.) 

Now, applying this to an electron, let e be the charge 
of an electron, so that e = 4-77 x 10—1%/K, then 


2 22 x 10-20 22 x 10-20 
na = de = a, H yA S atar t 
Pr = nk Sar ree 8m x 10% 


Working it out, r = 10—13 approximately. That is, 
when we use the pressure which had previously been 
estimated as probable in the ether, we find that a hollow 
bubble would be able to sustain that pressure if it were 
charged with the electronic charge and if its linear 
dimension were of the order 10—13 cm, which is the 
recognized electronic size. 


Moreover, if we attend to the pressure p which just 
equilibrates the charge Q on a hollow sphere of radius r 
we see that it is merely the electric tension, as might 
have been supposed:— ` | 

Q? 2 
PRAT Ko 
; Q 
since ¢ = ——;: 
e 
And if we introduce this value into the total energy for 
2 


a hollow charged sphere, namely, pv + we. it becomes 


sel L) 2Q? WR , 
B= Ne +o) 3E a ° 
since uK = 1. 


On the modern principle that there is a universal 
relation between energy and mass, such that m = Eje, 
the above expression agrees with the recognized inertia 
of any electric charge, as first calculated in 1881 by 
Sir J. J. Thomson from consideration of the magnetic 
field generated by slow motion. Hence, so far, the 
hollow electron seems statically fairly satisfactory; and 
we might go on to its FitzGerald-Lorentz deformation 
into an oblate spheroid of probably the same volume, 


| when moving, and its action as a Heaviside wave- 


nucleus when moving fast. 

Something of this sort was pointed out by Poincaré 
and Langevin, but never attended to, because it was 
superseded by all this wave mechanics. I believe in the 
wave mechanics, but I also believe in the statics. We 
must not ignore one, to attend only to the other. This 
relation cannot be accidental. We are discovering some 
of the properties of the ether, and some of its relations, 
including its great pressure and its great rigidity ; owing, 
I believe, to the hydrodynamic constitution of it, circu- 
lating with the velocity c, about which I have much to 
say, though not now. That is what I mean by saying 
that an ether theory is really beginning. 


RECONDITE SPECULATIONS. 


You may say that I have not dealt with the most 
recent things of all, nor with the most complicated 
things. No, I have selected those things that specially 
appealed to me, and I have dealt only with two or three of 
them. For the rest of the other developments I will only 
say that the revolution is such, and so striking, that some 
of those who saw its beginning in the nineteenth century 
can hardly follow its development, let alone its eccen- 
tricities. The mathematical speculators are doing more 
than going out of our depth; they are soaring up into 
the clouds of tensors and matrices, with any number of 
dimensions of space, and imaginary operators. Even in 
the nineteenth century, explorers used balloons, but they 
were captive balloons, and occasionally one might swarm 
up the rope or haul them back to earth; but now they 
have no earth attachment, and they have gone out of 
our sight. We can only follow their progress, and 
realize where they are, when occasionally they drop a 
bomb; then we sit up and attend. They are not destruc- 
tive bombs, though they may be perturbing, for when 
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they are opened they are found to contain interesting 


things, more like seeds than explosives, and those which: 


take root flourish exceedingly and overshadow the 
ancient fields. We can climb up the trees when they 
have rooted and grown, and get a new view of the 
landscape; we can peer out to a farther horizon. 

All through the nineteenth century, bombs have been 


dropping—first the quantum, and then relativity; but 


these are now comparatively antiquated. They are not 
by any means extinct, but they are already accepted, 
cultivated and turned into farm produce; they have led, 


or are leading, to gravitational and electromagnetic 


extensions. The older method was to plant a seed 
quietly in the ground so that we could watch it grow. 
Radio-activity was one, the electron was another; the 
Bohr theory of the spectrum was another. Schródinger 
waves, on the other hand, though in a sense they may be 
said to have developed out of the quantum, are more 
revolutionary than that, and they are becoming fertile. 
The latest Heisenberg and Dirac bombs, however, are 
still under examination and have still to prove their 
fertility. In time, perhaps, these, too, will be planted 
and will grow in contact with mother earth. Until then 
we can only admire the brilliance of the explorers and 
wonder at their achievements in the air. 

Meanwhile, wave mechanics is the beginning of one 
branch of a theory of the ether, which must be contem- 
plated by every physicist who is interested in physical 
reality. 


SUPPLEMENT 1. 


REMARKS ON A ROTATIONAL ETHER, 


It has been fairly ascertained that a liquid full of 
vortices is able to transmit transverse or distortional 
waves, and that the speed of transmission is either equal 
to, or of the same order of magnitude as, the circulation 
speed. This is quite analogous to the relation between 
the velocity of sound in air and the average velocity of 
the particles which convey the sound. If the average or 
root-mean-square velocity of the particles is u, the 
velocity of sound is u+/(k/3), k being the ratio of specific 
heats, which for ordinary diatomic gases is 1-4. Com- 
paring this with Lord Kelvin’s estimate for the velocity 
of waves in a rotational medium, namely 4c,/2, the 
resemblance is very close, and the figure 3 has the same 
space-dimensional significance in both cases. The 
similarity of the fractions is no doubt accidental, but 
the analogy is rather striking. 

The usual method of specifying the velocity of sound 
is in terms of the pressure which the gas exerts; the 
pressure being $pu®, the molecular velocity is y (3p/p), 
while the velocity of sound is y (kp/p). Now, undoubt- 
edly, a rotational medium involves a pressure, if only to 
sustain the centrifugal force; and, indeed, pressure enters 
from the beginning into the mathematical investigation 
of a turbulent medium. The pressure of a gas measures 
its isothermal elasticity, which controls the transmission 
of longitudinal waves. If the ether were capable of 
transmitting longitudinal waves, its pressure would 
control them too; but in order to transmit them it would 
have to be to some extent compressible; and, though that 
seems unlikely, there is no known fact that prevents its 


“having a trace of compressibility, provided it is exceed- 


ingly small. From one point of view, indeed, we should 
expect that all waves, longitudinal as well as transverse, 


_ would travel through the ether at the same pace. It 


appears not unlikely that longitudinal waves have to do 
with gravitation, and modern arguments suggest ‘that 
gravitation likewise travels with the velocity of light. 

On the whole we may make the assumption, admittedly. 
hypothetical, that the volume-elasticity of the ether on 
the one hand, and its quasi-rigidity due to vortex motion 
on the other, are of the same order of magnitude and may: 
possibly be equal. In ordinary solids this is approxi- 
mately true. The incompressibility or volume elasticity 
of steel, for instance, is 18 x 104, while its rigidity is 
8 x 10UC.G.S. For flint glass the figures are something 
like 3-4 and 2-4 x 101 respectively. A table giving 
the figures for a few other substances would show that 
the speeds of transverse and longitudinal waves in 
ordinary materials are not very different. 

I am going to assume that this rough equality, as 
regards order of magnitude, holds more perfectly in the 
ether, and that its pressure is a measure of its kinetic 
rigidity ; in other words, that what corresponds effectively 
to volume elasticity and distortional elasticity are the 
same. If so, we know the value of the etheric pressure. 
For, treating the ether as having quasi-rigidity, on the 
ground of its vortex motion, that rigidity is equal to 
pe”. So if the pressure is the same, and if we grant the 
density to be 1012, the etheric pressure becomes 10%, 

Let us assume that value for the pressure of the ether 
and trace its consequences, to see how it works. We 
shall see that there are other arguments that could be 
adduced in its favour. (For instance, what has been 
said above about a hollow electron.) That this pressure 
is enormously great is all to the good. For, considering 
the extent of the ether and all that it has to do, the 
enormous forces it:can transmit with impunity, and the 
absence of any sign of overstrain, lead us to be sure that 
if ‘‘ pressure ” has any meaning in connection with the 
ether, it cannot possibly be small so that cavitation or 
gaps or hollows could be produced in it. Matter is held 
together partly by pressure, mainly by cohesion, that is 
by internal forces between the particles. A perfect gas 
is held together wholly by the pressure. There is no 


‘likelihood of internal cohesive forces in the ether; it is 


presumably held together entirely by the pressure, and 
in that respect is like a gas, though its high incompres- 
sibility makes it more like a liquid. 

The only reason why it behaves in any respect like 
a solid is explicable in terms of its rotational motion, 
which can confer on a liquid a quasi-rigidity well known 
to hydraulic engineers. It is unlikely that the ether is 
really like any of these things, since it is continuous 
instead of molecular. Nevertheless, it must have a 
structure—though not a discontinuous structure—in 
order to account for its properties. It is admittedly 
space with -physical properties; and in those properties it 
has analogies with all three of the states in which matter 
is known—a circumstance which after all is reasonable 
enough, when we remember that matter is constituted 
of and wholly dependent on the ether and accordingly 
must derive its properties mom it in whatever state it 
may happen to be. 
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INITIAL THEORY OF A ROTATIONAL OR TURBULENT | 


ETHER. 


In an appendix to Chapter II in the first volume of 
“ Electromagnetic Theory,” Oliver Heaviside evidently 
regarded with some favour the idea of explaining electro- 
magnetic phenomena (which we now know are equivalent 
to all phenomena, at least in the inorganic world) in 
terms of the properties of a rotational or turbulent or 
vortex ether. Such a theory was initiated by Kelvin 
long ago as a substitute for the elastic solid theory, which 
by that time had conspicuously failed in many ways, 
though at one time it had seemed so promising in the 
hands of Young and Fresnel. McCullagh of Dublin 
found -that it would not work, and that no ordinary 
dynamical explanation would suffice for the ether, and 
in his variety of optical theory he preferred to develop 
his equations in an undynamical manner, leaving their 
interpretation to a future generation. G. F. FitzGerald 
(also of Dublin) took up the work of McCullagh and 
tried to work out an explanation, or at least to make a 
beginning in that direction, in terms of a rotational 
ether; and then, in 1896, Oliver Heaviside tried to carry 
the matter further, though he had not emancipated 
himself from some of the terminology appropriate to the 
ideas of an elastic solid. He takes Maxwell’s equations 
in their simplest form, expressed in terms of # and H, 
the electric and the magnetic forces respectively, and 
then, treating magnetism as a kinetic phenomenon, and 
electrification as a static phenomenon, he proceeds to 
regard the magnetic force as equivalent to the velocity 
of the medium, magnetic induction as the momentum, 
and electric force as the torque, that is to say as stress 
in the form of a twist, so that the stress on any plane 
normal to the force is simply the vector product of the 
torque and the normal unit vector. He then shows that 
the curl of the electric force represents the rate of change 
of the momentum or magnetic induction, and also that 
the curl of the magnetic flow represents what in a 
conductor would be the current, but what in an insulator 
—that is, in the general medium—is the rate of change 
of electric displacement. That is to say, he tries to show 
that Maxwell’s equations are consistent with the ideas 
of a rotational medium. 

As far as I know, this passage and ideas of this kind 
have not attracted much attention; indeed, throughout 
the present century the tendency has been to discard 
any attempts at rational explanation in terms of the 
ether, however it be constituted. The tendency is to 
consider that the failure of the elastic-solid theory has 
discountenanced all ether theories, and to proceed to 
attain results by abstract mathematical methods in 
terms of space and time—sometimes without the use of 
even those abstractions—and to ignore the ether 
altogether. But now that Einstein and Schródinger and 
others have shown how necessary the ether is; if we are 
to attain any ultimate physical explanation or under- 
standing of what is happening, it may be well to try to 
recall attention to this only half-discarded and, at first 
sight, not very promising 50 and to bring it back 
into notice. 

1 shall therefore quote some passages from page 127 
of Heaviside's ‘‘ Electromagnetic Theory,” slightly 


modifying the wording occasionally, because it is quite 
easy to refer to the original, 

He begins by saying that the analogy of a rotational 
incompressible perfect liquid, in constitutional turbulent 
motion and no other when unperturbed, can be made use 
of in more ways than one. He goes on to say that the 
easiest way is the one devised by myself in an Appendix 

o ‘‘Modern Views of Electricity,” 1889—that is, to 
regard magnetic force as the velocity of the medium, 
magnetic induction as the momentum, and so on. He 
then proceeds thus :— 


“I have shown that when impressed electric force. 
acts, it is the curl or rotation of the electric force 
which is to be considered as the source of the resulting 
disturbances. Now, on the assumption that the 
magnetic force is the velocity in the medium, we find 
that the curl of the impressed electric force is repre- 
sented simply by impressed mechanical force of the 
ordinary Newtonian type. This is very convenient.” 


I agree, and would take this opportunity of recalling 
attention to the simple and consistent and rational 
“ dimensions ” of electric and magnetic quantities which 
emerge from this point of view, as exhibited in any 
edition of my book ‘‘Modern Views of Electricity” 
(appendix). 

Heaviside next says that the rotational ether of Sir W. 
Thomson must be treated as incompressible and without 
true rigidity, but as possessing a quasi-rigidity arising 
from elastic resistance to absolute rotation. The stress 
in such a medium is partly a hydrostatic pressure and 
partly a rotating stress, which gives rise to a transla- 
tional force and a torque. If E be the torque, the force 
is — curl E. And if we equate the force (applied to 
unit volume) to the rate of change of momentum, in 
accordance with Newton’s second law, we get 


— curl E = áru H 


where H is the velocity and 47 the density of the 
medium. This first equation is simply l 


Force = mass X acceleration 


Reciprocally, the torque must be proportional to the 
rotation, for it is that which causes the static twist in an 
insulating medium. Presumably neither flow not dis- 
placement, in a rotational medium, can occur without a 
rotation or twist. Accordingly the curl of.the flow 
represents the rate of change of the displacement, or the 
rate of change of the electric force divided by the 
elasticity or quasi-rigidity of the medium. Or, putting 
it in terms of Hooke’s law, the rate of change of the 
torque is the stress; the curl of the flow is the strain; 
and the ratio of the two is the elastic coefficient. En 
- The second equation, which is not so clear as the first, 
must be written, whether its mechanical formulation is 
satisfactory or not, 


K ¢ 
lH =— E 
cur Ir 


The first equation was kinetic, this second equation is 
static, 
strain = stress + elasticity 


a= eo eS SO 
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Heaviside then goes on to say that these are the 
equations (as is well known) connecting electric and 
magnetic forces in an insulating dielectric, and that we 
have a parallelism in detail, and not merely in some 
particulars. The kinetic energy 14448? represents mag- 
netic energy. The potential energy ¿KE? represents 
or expresses electric energy. The vector flux energy is 
VER, the activity of the stress; which is indeed the area 
of a parallelogram with sides corresponding to E and H, 
whatever the angle between them. 

In Sir William Thomson's imaginary model, electric 
energy was made kinetic, and magnetic energy potential. 
This alternative plan seems unsatisfactory, and Heaviside 
does not approve of it. 

He next goes on to apply his theory to conductors, 
and thus leads up to the essential part of his complete 
theory of a submarine cable; but with this we are not 
now concerned. 


CONCLUSION. 


I am myself convinced that the ether is a vast store 
of turbulent energy, of which very little has as yet been 
tapped. Here and there are localized portions, which 
appeal to us as matter; and these portions exhibit a 
trifle more of the ether energy when in a state that we 
call locomotion. They also display another aspect of 
ether energy, when by a new configuration or arrange- 
ment of particles the ether near them is put under 
strain. Only through observation of matter can we gain 
any knowledge about the ether itself; but free radiation, 
electric and magnetic fields, gravitation, and cohesion, 
are all essentially affections of something which to our 
senses only appeals as empty space. Accordingly these 
experiences act as revelations, and are gradually com- 
bining to give us a better and closer apprehension of the 
reality underlying physical phenomena of every kind. 
To me it seems likely that vital and mental phenomena 
will be found to be also closely related with the same 
universal medium, and only indirectly and temporarily 
associated with matter. But for proof of that we must 
wait. 

- SUPPLEMENT 2. 


THOUGHTS ABOUT LOCALIZATIONS IN THE ETHER. 


If it is a heresy to believe in the FitzGerald contraction 
and other things, including the ether, as realities and not 
merely conventions to suit different observers, then I am 
a heretic. That a mathematician should be content 
with the Larmor-Lorentz transformation, without seek- 
ing to go behind it or interpret it physically, otherwise 
than from the point of view of various observers, is 
intelligible enough. Buta physicist cannot be so easily 
and pragmatically satisfied. 

The $ factor in the Lorentz transformation was not 
in it at first, and then it was not reciprocal. The intro- 
duction of the B factor completed the transformation, 
and that factor is the FitzGerald contraction pure and 
simple. l 

The Lorentz theory deforms the electron when it 
moves, and alters its volume. 1 had been inclined to 
think that a portion of an incompressible ether must be 
of constant volume, and that therefore the three axes 
of a moving electron or other sphere must change in 


the ratio k: k: 1/k?, where k-® = (1 — v*/e2); or =$; 
thus retaining the volume constant.* This agrees well 
enough with actual measurements, and I give somewhat 
cogent reasons for the constant volume of a moving and 
deformed electron, even if hollow, in Supplement 3 below. 


` Lorentz’s ideas fluctuated on this point, but he seems 


to have ultimately preferred the equator to remain 
constant while the polar axis and volume shrink in the 


ratio $. The distribution of the lines of electrostatic 


force are like what they would be on an oblate spheroid; 
and when the velocity of light is reached, the electron 


_ is flattened out into a disk with lines of force radiating 


from that circumference in a plane, the wave-front so 
constituted being a quantum of radiation, which must 
be emitted or absorbed as a whole or not at all. The 
reason why a body radiates energy in quanta is because 
it cannot radiate energy without losing mass, and 
because the smallest mass it can lose is an electron. 
Mass can only be lost in particles; so energy can 
only be radiated in quanta. Continuous radiation 
is impossible, it must occur in jerks. It can only be 
smoothed out on the average, by dealing with an immense 
number of particles; just as gaseous or liquid pressure 
on the average is uniform, though really intermittent and 
jerky, as is shown by the Brownian movement when the 
bombarded surface is small enough. 

There may be several different ways of regarding the 
same essential thing. Electric and magnetic explana- 
tions can never be ultimate, so long as we can resolve 
them into something mechanically simpler. A vortex 
fluid, in which the laws of dynamics hold in the inner- 
most parts, however much they may appear departed 
from in the gross, is about the simplest view of the 
substratum of the physical universe that can be imagined, 
in spite of the difficulty of treating it mathematically. 
It will be time to try to imagine something else when this 
conception has been proved finally wanting or irrevocably 
false. Difficulties about stability must not be regarded 
too seriously: there may be ways of reconciling them— 
ways which are already growing familiar in the structure 
of the atom. 


THE ELECTRON AT REST AND IN MOTION. 


When an electron is at rest or in slow motion through 
the ether it is natural to think of it as a spherical charge, 
with lines of force radiating equally in all directions. It 
is true that those lines of force must terminate on a 
proton or group of protons somewhere, but for all 
practical purposes the other ends may be treated as at 
infinity. I wish to think of the electron, as already said, 
as a hollow sphere in equilibrium between its own 
electric tension and the ether pressure. It may be 
possible also to think of it as a hollow vortex, which was 
shown to be a possible and suitable structure by Dr. 
Pocklington in 1894,j provided that the vortex was not 
electrified. Electrification destroyed the stability, in 
Pocklington’s theory, but then he did not take the ether 
pressure into account; and without that there can be no 
equilibrium in a charged body of any kind, except an 
equilibrium depending on the rigidity of matter, i.e. a 

-* See Presidential Address on “Continuity” to the British Association in 
1013, Report of the 83rd Meeting of the British Association, 1913, p. 26: also 


Supplement 3 below. i , 
t See Philosophical Transactions of the Royal Society 
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material nucleus—which all the evidence goes to show is 
absent in a negative electron, whatever may be possessed 
by the positive variety. 

Instead of a vortex ring it is possible to contemplate 
a spherical vortex, the theory of which was worked 
out by W. M. Hicks, also in 1894.* But a structure of 
this kind seems more likely to be applicable in the case 
of a proton than in that of an electron, for the latter seems 
bound to be hollow, otherwise its mass is too great. 

For the present, 1 propose to deal with the electron 
as a hollow sphere. If, now, it moves in a straight line its 
axial dimension is diminished in accordance with the Fitz- 
Gerald contraction, and it becomes an oblate spheroid; 
perhaps with the same equatorial circumference as 
before, or else with constant volume (see Supplement 3). 
Can the spheroid still be in equilibrium when thus 
deformed? If what we have called the etheric pressure is 
fully analogous to a hydrostatic pressure, No! But that 
pressure may be only a mode of regarding the violent 
surface tension which must exist at an ether boundary. 
A bubble or hollow in the ether is a thing difficult to 
imagine; and is beyond all experience: we can only deal 
with it by analogies. Assuming the analogy of surface 
tension to hold, which in ordinary liquids is a surface 
manifestation of the cohesion between the particles, we 
can imagine a surface tension T, lining the interior of 
the bubble, such that the normal pressure is 27/r. If 
this represents the normal pressure on an electron the 
radius of curvature of which is 10718, it gives the value 
of T as of the order 10% dynes per linear centimetre. 
When the bubble is deformed into an oblate spheroid, 
so that r is variable, the equatorial regions will have the 
greatest normal component of the surface tension, and 
also the greatest electric tension owing to the redistribu- 
tion of the lines; while in the axial direction both these 
forces are diminished. So equilibrium may still hold. 

The reckoning of the size of an electron under the 
pressure p on page 1013 would work equally well if p 
were replaced by its supposed equivalent 2T/r; the 
numerical differences are insignificant. We should then 
get, as the condition for minimum potential energy, 


3Q2 ; 
167K’ 


and this has the advantage of applying to an oblate 
spheroid also (see Supplement 3 below). The density of 
distribution of a charge on an ellipsoid is known to vary 
with the ‘perpendicular distance of the tangent plane 
from the centre.j A finite or bounded universe might 
be imagined as enclosed in an ether surface with the 
capillary tension T' = 10%, beyond which all exploration 
must cease. In that case the normal etheric pressure 
might be practically zero; but inside a small hollow it 
can be as great as we please. 

In the limit, when the velocity of light is approached, 
the lines of force all radiate from the equator, and the 
electron has become a flat disk with the same circumfer- 
ence as before, but of no volume. Unless, indeed, as 
argued in Supplement 3 below, the volume has to 
remain constant. In either case Heaviside’s contention 
holds good: it now advances as a plane wave with a 


Tr = 


* See Philosophical Transactions of the Royal Society. 
t CLERK MAXWELL, vol, 1, $$ 154 and 177. 


- to become a beaded structure. 
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central nucleus. So much for what is happening at 


constant speed. 


But now comes the question of acceleration. A ccele- 


' rating force can only be applied to an electron by 
electrical means. 


Such applied forces will alter t he 
distribution of the lines, making them concentrate more 
in front, if it is a positive acceleration, or more behind, 
if it is a retardation; or again concentrating them 


_ laterally, if it is a transverse. or centripetal acceleration. 


In either case the equilibrium will be disturbed, and it 
seems likely to elongate and possibly to pulsate so as 
According to Schrédin- 
ger's view it becomes a series of station waves 
distributed round the orbit, at least in the case of 
centripetal acceleration with small radius of curvature. 
How this is physically accomplished 1 do not pretend to 
see, but I find that Heaviside has treated many varieties 
of accelerated electron towards the end of his three- 
volume treatise on ‘“‘ Electromagnetic Waves ”; and I 


_ do not feel that the conversion of a particle into waves 


ought to be treated as án insoluble problem on known 
principles until his treatment has been thoroughly 
examined and exhausted. 

The whole theory of a revolving electron is in an 
unsatisfactory condition at present; but surely in a 


' Kelvin Lecture one ought to urge that an attempt to 


explain matters on recognized principles should not be 
too hastily abandoned as hopeless. The dynamics of 


a rotational ether is very peculiar, and the work 


of FitzGerald and Heaviside and Hicks, not to speak 
of Kelvin himself, may yet bear unexpected fruit. 


POSSIBLE CONSTITUTION FOR A PROTON. 


If this be provisionally regarded as a rational possi- 
bility for the constitution of the negative electron, what 
about the constitution of the positive unit, now called 
a proton, which in many respects is very like it, only with 
about 1850 times greater mass? We know that the 


| Charge of a proton is exactly the same as that of an 


electron. Positive and negative charges are always 
equal; one cannot be produced without the other. But 
we have hardly any experimental or certain knowledge 
about the size of a proton. We known that the smaller 
and more concentrated a charge is, the greater is its 
energy, and therefore its mass. The first idea would be 
that a proton might be a hollow 1 850 times smaller in 
linear dimensions. But that will not do; for it is 
subject to the same pressure or surface tension, and 
therefore would not be in equilibrium. The proton 
cannot be a smaller hollow with the same charge. The 
problem is how to account for its great mass. 

We do not know how to produce either an electron or 
a proton; but we can safely assume that if one were 
produced, the other would have to be produced too: one 
cannot exist without the other. The negative lines 
of strain which radiate from an electron converge on 
some proton, or may be distributed over a number of 
them. The simplest plan is to consider a single pair. 
Then, though we know that the lines of one converge 
upon the other, or rather that the field of force of the 
pair is a set of lines like magnetic lines of known shape, 
we can equally well represent the lines as radiating out’ 
from each independently to infinity, and apply the 
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principle of superposition to draw the resultant lines due 
to the co-existence of the two independent radial fields. 

Hence we could proceed to deal with the two units 
independently of each other, except that we must 
remember that the existence of one involves the exist- 
ence of the other, that they have equal opposite proper- 
ties in electrical respects, and that they only differ in 
material properties. The electron may be called elec- 
tricity pure and simple; the proton is a charged unit of 
matter,and determines the atomic weight of theelements. 
It may be that they are both subject to gravity, like all 
localized portions of the ether. Even a beam of light 
seems subject to gravity; though localization in that 
case is rather mitigated, since it cannot stay in any one 
place; it is bound to travel with velocity c; consequently 
gravity does not act upon it in the way that would be 
expected on simple Newtonian principles, but refracts it 
- double as much, as Einstein predicted. This, however, 
is a digression. 


RETURN TO THE PROTON AND THE ELECTRON. 


We have supposed the electron to be hollow, because if 
it had any mass in its interior—that is if it had a material 
nucleus—it would have too much mass: its mass has been 
wholly accounted for without that: we may argue, 
therefore, that it must be hollow. But if it be hollow, 
what has become of the portion of ether extracted from 
it? The ether is terribly incompressible. That portion 
must have gone somewhere. Surely it must form the 
nucleus of the proton. And the simultaneous production 
of the pair may be thought of as the transfer of a portion 
of ether from one to the other, one having too little, the 
other too much, and in -both cases setting up a state of 
strain all round. 

Assuming then that a proton has an etheric nucleus, 
which has been crammed into a space already full of 
ether, it is not difficult to suppose that a great amount 
of work must have been done in the process, and a great 
amount of energy stored in the apparently impossibly 
overfilled space. The concentration of the. surplus 
material has set up a strain in the ether all round, of the 
same magnitude as, but of the opposite sign to, that 
surrounding the electron. Accordingly a localization of 
a portion of the ether has again resulted; though in this 
case, not as a vacuum, but as a congested district. 

The equality of the electric fields suggests strongly 
that the size of the two nuclei are the same; and it is 
not easy to see how the extra substance is to be squeezed 
into the already occupied space, nor what energy would 
result. We may remember, however, that on our view 
all the ether is squirming with the fine-grained vortex 
velocity c. Accordingly, we might think of the nucleus 
of the proton as still squirming with that velocity; or we 
might treat it as merely a spinning solid, with moment 
of inertia ¿ma?, and equatorial velocity c. In the former 
case a radius of 7-5 x 10-18 would give the required 
mass without demanding an increased density. Con- 
gested density is more probable, but I do not see how 
to estimate the effect of congestion. 3 


FURTHER THOUGHTS ABOUT THE PROTON. 


` If the electron is hollow, what has become of the 
material extracted? Presumably it has not been 


extracted; but the walls have been forced apart, as 
evidenced by the strain set up all round. Nevertheless, 
there ought to be an accumulation of substance some- 
where, to make up for the local deficiency. This extra 
substance need not, however, be localized, and in ordinary 
cases would be merely distributed generally. But there 
must be something in the ether which facilitates localiza- 
tion, for an electron cannot exist alone. We find it 
always associated with an equal opposite charge, so that 
in considering the construction of an electron we have to 
consider the construction of a proton tao. This localized 
extra mass, however, would have to be forced into a 
place which was already full. The ether must be highly 
incompressible, but need not be infinitely incompressible, 
any more than it need transmit waves at an infinite 
speed. If it transmits longitudinal waves at the same 
speed, its compressibility is known, namely 10-3. We 
must expect an extra condensation somewhere; but we 
do not see why the ether should be crowded into so 
small a space as that which it originally occupied. And 
even if it were, that would appear only to give a double 
density, which is quite insufficient for the proton. 

_ Nevertheless, these localized specks of ether exist, and 
have to be accounted for somehow. What can there be 
in the ether which facilitates localization? The- only 
analogy on a large scale which I can think of is globe 
lightning. No one would have expected that among the 
phenomena of a thunderstorm there should be localized 
an apparently spherical aggregation of energy—in an 
apparently unstable condition it is true, probably 
because atoms of matter take part in the grouping. It is 
possible that globe lightning may be, after all, an atomic 
or material phenomenon, and not strictly an etheric one. 
Still it seems to give a hint, supplementary to the 
existence of discontinuous electric charges, that localiza- 
tion in the continuous medium is possible, and that 
portions can be differentiated from the rest, these 
portions being capable of continuous existence and 
locomotion. They are no longer anything like the 
undifferentiated ether. l 

The additional mass of a proton does not reside in the 
field around it. It must be concentrated in the nucleus 
somehow. It may be that that extra mass is the result 
of cramming more material into a space already full, 
in a way to which at present we have no clue. True its 
magnetic energy might be taken into account; but in so 
far as that is due to a circulation of the ether, the opening 
out of that circulation from an infinitesimal to a finite 
size would not add appreciably to the energy. All the 
energy of magnetization already exists by hypothesis in 
the ether itself. A magnetic field is a sort of localization 
of that energy, whereby it can become perceptible and 
moved about from place to place.’ A magnet is a 
localized portion of energy, just as much as an electric 
charge is. And the magneton, or localized unit of such 
energy, is becoming recognized. 

The whole problem therefore seems to turn upon the 
way in which the constitutional and unalterable energy 
stored in the ether can be concentrated into certain 
identifiable and permanent minute regions. 

One view is that the inertia of ether is due to its 
circulation velocity, and that if we had the means of 
superposing upon it an equal spin, then that spin might 
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‘either oppose the original motion, so as to reduce it to 


zero, thereby destroying the inertia and giving the effect - 


of a hollow; or it might reinforce the original motion, 


giving a double rate of spin, which might increase the 
inertia to an enormous extent. We commonly say that : 
the inertia of a body moving with the speed of light is 
But though the ether is by hypothesis already | 


infinite. 
moving with the speed of light, its inertia is not infinite, 


though we estimate it as 1012, If at any place it was - 


moving with double that velocity, it may be that its 
inertia would rise to 1015 per unit of volume—though I 
can suggest no reason why that should be so. The 
problem of the proton seems at present insoluble. 
Nevertheless, electrons and protons are such fundamental 
entities that probably their structure is quite simple if 
we had the clue. Everything connected with the ether 
is probably simple and fundamental. It is matter that 
is complicated; and the attempt to imagine electric 
constructions in terms of material analogies may be 
doomed to futility. 

Nevertheless, the hydrodynamics of a perfect fluid has 
not yet been so fully explored that we need prematurely 
give up the attempt: the problem is to find how the con- 
fused circulation of a perfect fluid can be so localized as to 
give identifiable regions, of a size presumably determined 
by the size of the vortices in the original substance. 

The clue perhaps lies in the properties of a magnetic 
field; for there some remnant or small fraction of the 
circulation is opened out into an identifiable unit for a 
time. We know that that is done by an electric current. 
But an electric current is not fundamental enough: that 
is due to already formed and locomotive electrons. We 
want to get down to something much smaller and less 
tractable than that—something on which as yet we 
have made no experiments at all. I suspect a fine- 
grained vorticity in the ether—a structure necessary to 
its behaviour but involving no substantial discontinuity 
—an intimate circulation finer in texture than anything 
yet examined or contemplated, and characterized by 
perfectly amazing energy ; which yet is concealed from 
us, or only displayed here and there as an identifiable 
speck. The ether as a whole does not seem at all 
tractable to human experiment; we can only deal with 
the already localized portions. But those have proved 
marvellously tractable; all that we do in physics is 
done by their aid. Every electric field terminates on 
one of those particles, but a magnetic field does not 
terminate; it is a pure circulation. A magnetic field can 
be held in position or fixed by the properties of atoms, 
but it pre-existed and is not due to them; it is a function 
of the undifferentiated ether. And hence I look to the 
magnetic field to give us the clue some day. 


SUPPLEMENT 3. 


CONCERNING THE FITZGERALD CONTRACTION, THE 
DISTORTION OF AN ELECTRON, AND THE EQUI- 
LIBRIUM OF A MovinG HoLLow UNDER SURFACE 
TENSION. 


Referring to the known theorem in electrostatics, 
mentioned above, that the electric density at any 
point on a charged ellipsoid is proportional to the length 
of the perpendicular on the tangent plane from the 


‘origin, and assuming that when a FitzGerald contraction 


occurs—que to motion—the total charge remains 


‘constant, my brother has pointed out to me that this 
‘involves the constancy of volume of the oblate spheroid 


as its minor axis contracts. This was surmised by me 
in a reference given above (page 1016,) but it is not 
postulated by the customary Lorentz form of that 
contraction, which leaves the equatorial diameter un- 
changed and makes the volume 1/8 that of the original 
sphere. 

The need for constant volume is seen if we integrate o 
over the surface of the spheroid, for the charge is then 


tr 
Q = 2f 0. 2mvds 
0 


in which o is proportional to p, the central perpendicular 
on the tangent. But, ds being an element of arc, and 
dd the corresponding differential of the excentric angle, 
pds = abdd, as follows by considering the area of the 
triangle (bja) (ła?dġ). So 


tr 
Q œ tnab | a cos ġ dd = 4na?b 
>» 


But this represents the volume of the spheroid; so 
the constancy of the charge of an electron as it moves 
(at least with moderate speed) seems to involve a 
constant volume for the distorted sphere. 

The charge is distributed on the spheroid like the 
thickness of the interspace between two, nearly equal, 
similar and similarly situated spheroids, deformed from 
the outer and inner coats of a hollow sphere without 
alteration of its volume. 

It may be worth writing down an expression for the 
perpendicular on the tangent, which determines the 
density at any point, namely 


ab 
P = (a sin? $ + b? cos? $) 


The question of stable equilibrium of the distorted 
sphere may be raised. The normal component of the 
surface tension at any point is proportional to the 
curvature there, and presumably is 7'J4/(P,P,) if there 
are two radii of curvature. The radii of an oblate 
spheroid at any point are a?b?/p3 and a*/p respectively. 
So the normal component of the tension should be 
proportional to p*/(a*b). For equilibrium, this has got 
to be balanced by the electric tension 2707; so if o 
varies as p, the condition is satisfied. 


SUPPLEMENT 4. 


On THE HYPOTHETICAL BEHAVIOUR OF A HIGH-SPEED 
CONSTANT-VOLUME ELECTRON. 


There is no time to develop this: I must be satisfied 
with suggestion. When a hollow electron attains the 
speed of light, while retaining constant volume, it will 
have become a disk with all its circulation energy in its 
boundary, and with front and back in opposite phase 
—both magnetic and electric. It will accordingly travel 
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rather like the loops from a Hertz radiator, but unlike A quantum of this kind cannot be limited to the disk; 
them will constitute a definite unit or quantum, of | for, in order to become as big as the aperture of a tele- 
wave-length presumably double its thickness, while its | scope, the wave-length would have to be absurdly short 
thickness, or rather its thinness, depends upon the square | and the energy excessive. A wave-length of 10-8 the 
of its locomotive speed. We should not be surprised to | original dimensions of'a' hollow, for instance, would only 
find some relation of equality between the square of | magnify the equatorial diameter ten thousand-fold, if 
the total flux from the still constant charge, namely | we allow for nothing new but merely press ordinary 
(4zre)?/K, and the quantum expression he/27,, suggested | formule to extremes. So the flat field surrounding the 
by Sir James Jeans long ago. | disk must contain a large part of the energy. 
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THE ELECTRIFICATION OF THE PIETERMARITZBURG-GLENCOE SECTION 
OF THE SOUTH AFRICAN RAILWAYS. 


By F. LypALL, Member. 


(Paper first received 10th January, and in final form 2nd March, 1928; read before THE INSTITUTION 29th March, before the 
SOUTH MIDLAND CENTRE 2814 March, and before the NORTH-EASTERN CENTRE 23rd April, 1928.) 


SUMMARY. 


This paper describes the electrification of 170 miles of 
narrow-gauge railway (mostly single-track) which runs 
through difficult country. The electrification was designed 
to deal with 30 000 tons of goods per day in one direction, 
together with a passenger traffic of about 1 000 to 1 500 tons. 

Reasons are given for choosing the 3 000-volt direct-current 
system. 

The power station, transmission lines and substations are 
described and particulars are given of the track equipment 
and the locomotives. 

Some notes are included on operating experience since the 
line was put into service, and an appendix gives the names 
of the contractors and technical particulars of the plant 
installed. 


The section of the South African Railway system 
which the Railways and Harbours Administration 
decided, in 1921, to electrify lies between Glencoe, in 
the north of Natal, and Pietermaritzburg, in the south, 
and forms part of the main line which connects Durban 
with the Transvaal. Glencoe is approximately the 
centre of the Natal coalfields, and a large proportion of 


the traffic on this line consists of coal consigned to 7 


Durban for bunkering and export. 

The general question of railway electrification had 
already been under consideration since 1903, and 
various reports outlining proposals for one or other of 
the sections of the system had been prepared for the 
Administration. Towards the end of 1917 Merz and 
McLellan were commissioned to prepare a report, indi- 
cating which sections in their opinion were suitable for 
electrification, with estimates of the capital outlay 
required and the financial result of electric working. 
The report was completed early in 1919, and the 
Administration decided to take in hand the electrifica- 
tion of two sections, namely, that between Durban and 
Pietermaritzburg, in Natal, and the Capetown-Simons- 
town line in Cape Province. On the former the traffic 
is chiefly of a main-line character, while between Cape- 
town and Simonstown the traffic is almost entirely 
suburban. Following on this decision, specifications 
were drawn up by the author’s firm and tenders were 
invited for the plant and material required for equipping 
these two sections; after tenders had been received it 
was decided, for financial reasons, to postpone the 
electrification of the Capetown-Simonstown line and 
to proceed only with the section between Durban and 
Pietermaritzburg. 

On the eve of placing contracts for this section, it was 
found necessary to reconsider the whole question on 
account of the rapid growth in traffic since the scheme 
had been prepared in 1918. At that time the traffic on 
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' greater than this. 


a representative day amounted to about 13000 tons 
from Maritzburg to Durban, and the Administration had 
instructed the consulting engineers in working out their 
scheme to make provision for a traffic 50 per cent 
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Fic. 1.—Plan of electrified section. 


The complete scheme was therefore 
designed to deal with a freight traffic of 20 000 tons per 
day towards the coast, plus the comparatively small 
amount of passenger traffic, which would increase the 
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total tonnage to about 21500 tons. As the freight 
traffic had already by that time reached the estimated 
figure of 20 000 tons, and was growing steadily, it was 
obvious that, considering the time that would be 
required to install and set to work the whole of the 
electrification plant, the capacity of the scheme when 
completed would be insufficient to deal with the traffic. 
It was therefore necessary to reconsider the basis of the 
scheme, and the Administration instructed the consult- 
ing engineers to revise their previous proposals, on the 
basis of a further 50 per cent increase in the traffic. In 
other words, the scheme was to be worked out afresh so 
as to have sufficient capacity to deal with 30 000 tons 
per day in the coastwise direction, plus a passenger 
traffic of about 1000 to 1500 tons. At the same time 
the consulting engineers were asked to reconsider the 
whole question of electrifying the main line in Natal 
between Glencoe and Durban, as representations had 
been made in various quarters that relief from congestion 
was more important north of Pietermaritzburg, where 
the line was single track almost throughout between 
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A plan of the electrified section is shown in Fig. ], 
and a gradient sheet in Fig. 2. From these two figures 
it will be seen that the line is laid out with many sharp 
curves and steep gradients. Starting from Glencoe, 
which has an altitude of 4310 ft. above sea-level, the 
line falls to Ladysmith, which has an altitude of 
3190 ft. From there it climbs to Estcourt, 3 830 tt, 
and then over a pass, the highest point of which is 
4 980 ft. -It then falls until Pietermaritzburg is reached 
at 2210 ft. The distance between Glencoe and Pieter- 
maritzburg is 100 miles as the crow flies, whereas by 
railway it is about 171 miles. The sharpest curve is of 
300-ft. radius and there are very many curves of 
573-1t. and 716-ft. radius. About 25 per cent of the 
mileage of running tracks has a radius of 1 100 ft. or 
less. The line runs over a rolling country, and the 
hilly nature of the ground is responsible for the large 
amount of curvature. The gauge is 3 ft. 6 in. 

Climatic conditions in this part of Natal are very 
severe. In winter the climate is in every way favour- 
able, being dry and moderately warm during the day 
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Fic. 2.—Diagram showing principal lili location of substations and sections of track copper. 


there and Glencoe, than south of Pietermaritzburg, 
where there were already two lines between that point 
and Durban. 

As the result of this fresh investigation, which was 
carried out by the author in South Africa, the consult- 
ing engineers submitted a further report, and it was 
decided, in November 1921, to postpone the electrifica- 
tion of the Durban—Pietermaritzburg section and pro- 
ceed immediately with the electrification of the section 
between Pietermaritzburg and Glencoe. 

It may be mentioned at this point that the Admini- 
stration were fully justified in their rather bold decision 
to make provision for such a large increase in traffic, 
viz. from 20000 to 30000 tons per day. Since 1921 
the traffic on this line has increased rapidly—naturally 
with some fluctuations—but on the 16th August of last 
year the gross tonnage hauled over the line from 
Glencoe towards Pietermaritzburg was 34000 tons, 
inclusive of about 1200 tons of passenger trains. 
Although the scheme had only been designed for 
30 000 tons in the 24 hours, the electric working of this 
record traffic proceeded without a hitch. 


and cold during the night. During the summer season, 
however, from November to March, the temperature is 
high and there are tropical rainstorms and very severe 
lightning storms. Probably | there is no part of the 
world where lightning is so severe as in the north of 
Natal, and this, as mentioned below, caused some 
difficulties during the early days of electric operation. 


(1) CHOICE oF ELECTRIC SYSTEM. 


Before any decision was made as to the choice ol 
electric system, the various alternative possibilities were 
fully considered in the light of experience available 
from other railways already electrified. Finally the 
decision was made in favour of the 3 000-volt direct- 
current system, this decision being based on a number 
of factors, including the following :— 


(a) It was considered desirable to adopt a system of 
supply which would be suitable for general 
commercial and industrial purposes as well as 
for railway requirements. | 
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(b) Assuming that, for this reason, the power was 
generated as 50-frequency 3-phase current, one 
of the main advantages of the single-phase 
system, viz. the absence of substations con- 
taining rotating machinery, could not be 
realized. 

(c) Locomotives of the requisite power for the 
3 ft. 6 in. gauge could be provided, of the 
simplest design, on the d.c. system, whereas it 
was improbable that suitable locomotives of 
the same capacity could be designed for single- 
phase working, without a number of features 
considered at that time undesirable, or without 
a considerable increase in price as compared 
with those for the d.c. system. 

(2) All available estimates at that time showed that 
the maintenance cost of single-phase locomo- 
tives was substantially higher than that of d.c. 
locomotives, and with the very heavy traffic to 
be dealt with, and consequently the large 
number of locomotives required, this was a 
factor of considerable importance. 

(e) Experience showed that if the single-phase 
system were adopted it would be desirable, and 
probably necessary, to remove all the telegraph 
and telephone wires adjacent to the line and 
provide an insulated cable in their place. 

(f) The nature of the traffic, viz. the fact that the 
loaded trains travel down from Glencoe towards 
Pietermaritzburg (the ratio of the downhill to 
the uphill traffic being approximately 2: 1) 
and the special characteristic of the line (about 
68 route miles being on a falling gradient of 
1 per cent or more in the direction of the heavy 
trafic) emphasized the desirability of providing 
for regenerative working of the locomotives. 
Experience on the Chicago, Milwaukee and 
St. Paul Railway proved that regeneration 
could be provided for without difficulty on the 
d.c. system, whereas at that time no com- 
pletely satisfactory scheme of regeneration had 
been worked out for single-phase locomotives. 

(g) Complications of overhead-line construction and 
the undesirable speed characteristics of 3-phase 
locomotives weighed against the adoption of 
the 3-phase system. 

(h) Direct current being decided upon, a pressure of 
3000 volts was considered preferable to any 
lower pressure such as 1 500 volts, in view of 
the heavy traffic to be dealt with, involving the 
use of locomotives of 3 600 h.p., and the fact 
that the greater part of the line was single- 
track, with, therefore, a return circuit of no 
great capacity (two 80-1b. rails). 


The complete electrical system consists, therefore, of 
the power station, generating 3-phase 50-frequency 
current at 6 600 volts stepped up to 88000 volts; a 
high-tension transmission system; 12 substations, situ- 
ated at an average spacing of about 15 miles, 11 of the 
substations being supplied at 88 000 volts and one, at 
Colenso, fed direct from the power station; an overhead 
contact line for distributing power from the substations 


at 3000 volts (d.c.) to the trains; and the necessary 
number of electric locomotives. Each of the divisions 
of this complete electrification scheme is dealt with, 
generally, below, and full details of each are given in the 
Appendix. 


(2) PowER STATION. 


In deciding upon the site of the power station, it was 
necessary to consider not only which site would be 
most suitable for the electrification scheme to be taken 
in hand first of all, but also the relation between such a 
power station and future stations that might be required 
in the event of the electrification being extended from 
Pietermaritzburg towards Durban or from Glencoe 
towards Vryheid (see Fig. 1). It was necessary also to 
keep in mind the importance of there being an ample 
supply of water under all circumstances, and the 
advisability of selecting a site conveniently close to the 
centre of the coalfields from which the fuel would be 
obtained. 

After full consideration of all these points, it was 
decided to build the power station close to Colenso 
station, where the railway crosses the River Tugela. A 
power station on this site would be within reason- 
able distance of a second station at Durban, whether 
belonging to the Corporation or to the Railway Admini- 
stration, so that there would be no technical difficulty 
in linking the two together by means of high-tension 
transmission lines. It would also be able to supply 
power as far as Vryheid, so that the whole line from 
Durban to Vryheid, about 310 miles long, could be 
worked electrically from two points of supply. 

A glance at the map will show that the site at Colenso 
is about 60 miles by rail from Glencoe; the transport of 
coal would therefore not be a very costly item. The 
River Tugela is like most of the rivers in South Africa; 
that is to say, it has a very small flow during the dry 
season, but is subject to rapid and severe floods fol- 
lowing tropical rain storms. The minimum recorded 
flow occurred in 1914 and was about 30 cubic ft. per 
second; whereas during times of maximum flood the 
level of the river may rise by 25 or 30 ft., and the rate 
of flow may be as much as 75 000 to 100 000 cubic ft. 
per sec. In order to secure an adequate supply of 
cooling water to the condensers during the dry season, 
it was considered advisable to build a small weir about 
8 ft. 6 in. above the river bed and about 1 860 ft. 
down-stream from the power station. This formed a 
reservoir of about 120 million gallons, which provided, 
in effect, a cooling pond of ample capacity during the 
period of minimum flow. 

On the basis of the traffic for which provision had 
to be made, and on a reasonable assumption as to the 
outside demand for power for general and industrial 
purposes over the area served by the transmission 
system, it was estimated that the maximum sustained 
demand (i.e. for half an hour or an hour) would be 
about 31000 kW. In view of the uncertainty of the 
demand, owing to unavoidable irregularity in the 
working of the traffic, it was decided to make ample 
provision of generating capacity, and to install five 
12 000-kW turbo-alternators, of which three would 
normally be working, thus allowing two extra sets, 
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Fic. 4.—Elevation of Colenso power station. 


one of which might be standing by available for 
service at any time and the other undergoing overhaul. 
Each set was designed to deal with a 2-minute overload 
of 20000 kW. The turbines have tandem high-pressure 
and low-pressure cylinders and twin condensers, and are 
so arranged that, in the event of the power station being 
shut down at any time, they can be started up again with- 
out any extraneous.supply such as is usually provided 
by auxiliary or-house turbines. The load on the genera- 
tors therefore includes the supply to the power-station 
auxiliaries, so that the estimated sustained maximum 
was about 33000 kW. To meet this demand it was 
decided to install eight boilers, each having a normal 
capacity of 60000 lb. per hour, six steaming, one 
standing by, and one being cleaned or overhauled. 

The power-station building was placed as close to 
the river bank as the ground and the foundations per- 
mitted, the level of the bank at this point being about 
35 ft. above the level of the river bed. The principal 
foundations are of mass concrete resting on rock, which 
was found at different levels. For the purpose of the 
intake for the circulating water, the river bank was cut 
back into a bay in which the screen and pump chamber 
was built. This arrangement of the circulating water 
intake proved unsatisfactory in the early days of opera- 
tion while trial running on the line between Ladysmith 
and Estcourt was in progress. On two successive 
occasions the river came down in very heavy flood 
and with an enormous amount of suspended matter. 
The shape of the river banks and of the intake bay were 
such that eddies were formed in the bay and a large 
amount of silt was deposited, sufficient to choke the 
intake completely. The power station had there- 
fore to be shut down until a channel had been cut 
through a deposit about 25 ft. deep. To overcome the 
liability to block the intake in this way, it was de- 
cided, after consultation with Mr. Kanthack, formerly 
director of irrigation to the South African Government, 
and with the chief civil engineer of the Railways and 
Harbours Administration, to build a new sluice gate 
regulator chamber in the river about 5 ft. in front of 
the original line of the river bank, with six separate 
compartments, each with its own screen and a sluice 
gate ta control the level at which the water is admitted, 
depending upon the condition of the river bed. The 
original 40-in. diameter suction pipes. were extended to 
connect the compartments of the regulator chamber 
with the pumps in the existing pump chamber, and a 
sixth pump and suction pipe were installed. At the 
same time it was decided, in order to prevent any 
possibility of the silting up of the cooling pond formed 
by the construction of the weir, to replace the weir by a 
barrage lower down the river which would have the same 
effect in forming a cooling pond but would provide, by 
means of sluice gates, for scouring out the bed of the 
river in times of flood and thus prevent the accumula- 
tion of silt. : | 

The power station, of which the general arrangement 
is shown in plan and elevation in Figs. 3 and 4, consists 
of three parts, viz. the boiler house, the engine room 
and the switch house. The buildings are steel-framed 
structures covered on the outside with brick. 

The design of the boiler equipment is on lines 
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generally adopted for power stations of moderate size. 
The boilers are of the Babcock and Wilcox marine type 
suitable for a working pressure of 275 Ib. per sq. in., 
with superheaters, compartment stokers, forced- and 
induced-draught fans, air heaters, feed-water heaters 
and steam-driven feed pumps. Coal is distributed to 
the hoppers by belt conveyors, and the ashes are 
removed by an Usco plant. 

The electrical equipment, in addition to the five 
turbo-alternators already mentioned, includes five unit 
and four power-station transformers, the usual auxiliary 
motors, the main 6 600-volt switchgear of the ironclad 
type contained in the ground floor of the switch house, 
and an outdoor step-up substation consisting of five 
13 500-kVA transformers stepping up from 6600 to 
88 000 volts, with the necessary high-tension switchgear 
and lightning arresters. The control of the whole of 
the switchgear is centralized in the control room on the 
first floor of the switch house. 


(3) TRANSMISSION LINES. 


The transmission system was designed for a pressure of 
88 000 volts. In selecting the transmission voltage the 
following considerations had to be taken into account. 

It was desired, for the sake of economy in first cost, 
to keep down the voltage, provided that the line was 
capable of transmitting all the power required without 
excessive voltage-drop and of forming an adequate link 
with a new power station at Durban, if later such a 
development should occur. For climatic reasons it was 
considered inadvisable to use aluminium-steel con- 
ductors, and if the pressure were too high the corona 
loss with copper conductors would be a serious factor in 
certain parts where the lines run across country at an 
altitude of 4 000 to 5 000 ft. On the basis of these con- 
siderations the transmission pressure was fixed at 
88 000 volts at the power station. 

The general scheme of the transmission system is 
shown diagrammatically in Fig. 5. Four lines radiate 
from the power station, two north towards Glencoe and 
two south towards Pietermaritzburg. Each line con- 
sists of three 0-125 sq. in. copper conductors supported 
in a horizontal plane on single-circuit towers. In 
order to maintain the lines as free as possible from 
trouble due to lightning storms, it was decided to 
separate the two single-circuit lines in each direction 
north and south by a distance of not less than about half 
a mile. The two lines were also kept away from the 
railway so as to avoid, as far as possible, interference 
with the open telegraph and telephone lines which run 
close alongside the track. Each of the two lines feeding 
north and south is teed off at the substations, thus 
providing a duplicate supply. The selecting switches at 
the substations are interlocked, so that the transmission 
lines cannot be paralleled. The two lines between 
Colenso and Pietermaritzburg are sectioned at New 
Leigh, so that, if desired, the east line north of this 
point can be connected to the west line south of this 
point, or vice versa, 


(4) SUBSTATIONS. 


In view of the density of the traffic and the importance 
of working as nearly as practicable to schedule speeds 
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Fic. 5.—Ceneral scheme of transmission system. 
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so as to facilitate the crossings of the trains on the | heavy trains taking maximum power simultaneously 
single-track sections, it was considered advisable to put in the middle of a section of this length, the 
down substations at distances which in comparison | drop of voltage at the trains would have been very 
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Fic. 7.—Diagram of main connections of double-unit substation. 


with other 3 000-volt direct-current railways may seem 
very short. On the Chicago, Milwaukee and St. Paul 
Railway the average distance between substations is 
something like 35 miles. With a single track and two 


considerable and would have resulted in a temporary 
slowing-down of the traffic. It was therefore decided to 
put down substations at intervals of about 15 miles and 
to make them alternately single-unit and double-unit 
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substations. This general scheme is naturally subject 
to modification depending on local conditions such as the 
positions of junctions, and while it was necessary to 
put down a substation at or close to Ladysmith and 


another one at Glencoe, the distance between these 


points made a double-unit substation midway between 
them essential. At Estcourt three units are provided, 


as this point is approximately in the middle of the long 
climb from Colenso to the summit of the pass near New 


Dell. Estcourt is also a junction for an old line still in 
use, but not yet electrified, which follows a different 
route between there and New Leigh. The complete 
lay-out is indicated diagrammatically in Fig. 2; it was 
designed to make the best possible use of a minimum 
number of sets. When all substations are working, 
which, according to the records, is something like 
90 per cent of the total working time, the average 
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result of the decision to provide a considerable number 
of substations at comparatively short distances apart. 
At almost every point where a substation was installed, 
quarters would have been required for three shifts of 
substation attendants; as no houses were available for 
this purpose. Taking the scheme as laid out, this 
would have involved the provision of quarters for 
30 to 40 attendants and would have called for quite 
a considerable expenditure. Apart from this, the 
saving in wages by the elimination of substation 
attendants was naturally an important factor. 

In considering which type of automatic control 
should be installed, i.e. whether the substations should 
be completely automatic, the starting up and shutting 
down of the motor-generators depending upon the 
demand for power, or whether they should be remote 
controlled by means of pilot wires and control switches 
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Fic. 8.—Load curve of Wilbrook substation. 


drop of pressure between the substations and the 


locomotives is very small. 

The type of plant installed in the substations was 
mainly determined by the pressure of the direct- 
current supply. Each set consists of a synchronous 
motor with two 1 500-volt d.c. generators connected in 
series and two exciters, one for the synchronous motor 
and the other for the generators. The general 
arrangement of a single-unit and a double-unit sub- 
station is shown in Fig. 6, and the diagram of the main 
connections in a double-unit substation in Fig. 7. 

All substations are equipped with automatic control 
apparatus which enables all operations to be carried 
on without the services of substation attendants. 
When the contract was let the automatic control of such 
plant was not altogether a novelty, but it had not up 
to that time been adopted on any such scale or for the 


_complete equipment of such an important railway 


scheme. The adoption in this case was partly the 


in signal-boxes or stationmaster’s offices, it was felt 
that if the traffic to be dealt with was in practice any- 
thing like what was anticipated, the motor-generators 
would be working almost continuously throughout the 
six days of every week. It was therefore thought better 
to put the control of the substations in the hands of 
adjacent signalmen or stationmasters who, on telephone 
instructions from the control room at the Colenso power 
station, could,.by opening or closing a small switch, 
shut down or start up any set or switch over any set 
from one transmission line to the other. 

The automatic apparatus in each substation provides 
all necessary protection against faults and incorrect 
operation, and, in the event of any trouble occurring 
leading to the shutting down of the motor-generator, 
an audible and visual signal is given to the signalman 
or stationmaster advising him of what has occurred so 
that he can communicate immediately with the control 
room at Colenso. 
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A typical substation load-curve is given in Fig. 8, 
corresponding to a traffic of about 23 600 tons per day 
in the direction of the coast. 

Each motor-generator has a capacity, on the con- 
tinuous rating, of 2000 kW or 667 amperes at 3 000 
volts, and is able to give an output of 2 000 amperes 
for 5 minutes, and 2300 amperes momentarily. In 
order to avoid the tripping of the circuit breakers due 
to an excessive demand on a substation caused by the 
simultaneous starting of two trains in the immediate 
neighbourhood, which may happen occasionally, a motor- 
operated field rheostat controlled by a load-regulating 
relay is provided witheach motor-generator. Ifthe output 
exceeds a predetermined value, viz. about 1000 amperes, 
the d.c. pressure is reduced and the adjacent substations 
are thus able to take a greater share of the load. 
Supposing, for example, that there are two trains close 
to a substation, each taking 1 200 amperes, and that the 
resistance of the overhead line and rail return between 
this and each of the two neighbouring substations is 
1 ohm, the voltage regulation is such that the out- 
put from the central substation is 1600 amperes at 
2 600 volts and from each of the adjacent substations 
is 400 amperes at 3000 volts. In this way the load 
curve is smoothed out and the motor-generators are 
enabled to deal with a demand for which sets of greater 
capacity would otherwise have to be installed. 

The complete automatic equipment has been fully 
described elsewhere, but some particulars of the sub- 
stations are included in the Appendix to this paper. 

During the South African summer, when the tempera- 
ture in the shade is frequently as high as 95° F., it was 
found that there was a tendency for the interior of the 
substation buildings to become unduly hot owing to the 
formation of eddies in the air drawn in through the base- 
ment and passing out through the ventilating openings 
in the roof and upper parts of the side walls. This 
high temperature naturally tended to limit the use- 
ful capacity of the motor-generators and affected the 
Operation of the temperature relays provided in the 
automatic equipment for shutting down any set in 
which the temperature exceeds a certain value. It was 
decided to install in the basement ventilating fans to 
draw fresh air from outside the substation and force 
it through the motor-generators, thus making sure that 
hot air which had once been through the machines 
was not again drawn into them. 


(5) Track EQUIPMENT. 


The function of the track equipment is to provide an 
overhead line of suitable conductivity over all running 
tracks, cross-over roads and sidings by means of which 
power may be transmitted from the substations to the 
trains. In deciding upon the conductivity, and there- 
fore in settling the total section of copper included in 
the overhead-line construction, it was necessary to take 
into account several factors, viz.:— 


(a) Whether between any pair of substations the 
track is single or double. 

(b) Whether the line between these points has a 
large number of steep gradients. 


(c) Whether such gradients are against or in favour 
of the heavy traffic. 
(d) The distance between substations. 


In view of the decision to provide for regenerative 
working, it was considered desirable to keep down as 
far as commercially practicable the variation of voltage 
at the train. With this in view and taking into account 
the various factors mentioned, the following sections 
of copper were provided for the running tracks on the 
different portions of the line between Glencoe and 
Pietermaritzburg (see Fig. 2). 


(a) Between Glencoe and Daimana, on which the line 
is single-track, the gradients are long and steep 
and mainly in favour of the heavy traffic. On 
this section the total area of overhead line 
copper was settled at 1-0 sq. in. 

(b) Between Daimana and Umbulwana, the line is 
double-track and without very much gradient. 
Each track is equipped with copper having.a 
sectional area of 0-625 sq. in. 

(c) Between Umbulwana and Colenso the gradients 
are not severe but the line is single-track only. 
On this section the area of copper is 1-0 sq. in. 

(d) Between Colenso and Nottingham Road, the line 
is almost entirely single-track. The gradients 
are long and severe and largely against the 
heavy trafic. On the whole of this section 
copper of 1-25 sq. in. is provided. 

(e) Between Nottingham Road and Pietermaritzburg, 
the line is mainly double-track and the gradients 
are in favour of heavy traffic. Each track on this 
section is equipped with 0-625 sq. in. copper. 


With this provision of conductivity in the overhead 
construction, the voltage regulation at the trains, so 
long as all substations are in service, is very good. 

The design of the overhead line is similar to that 
already adopted on other electrification schemes, 
notably the suburban electriftcation scheme in Mel- 
bourne, and is shown generally in Figs. 9 and 10. The 
contact wire throughout has a sectional area of 0-25 sq. 
in. For all running lines the catenary is a copper cable 
with a sectional area of 0-375 sq. in., so that the area 
of the catenary and the contact wire combined is 
0-625 sq. in. On both sections of the line where more 
copper is required, this is provided by means of 
supplementary feeders. These feeders are of two sizes, 
viz. 0:375 sq. in. and 0:25 sq. in. Where the copper 
section per track is 1-0 sq. in., the catenary and contact 
line are reinforced by a single feeder of 0:375 sq. in. 
section. For the heaviest line a second feeder of 
0-25 sq. in. is added. In addition to the contact 
catenary and feeders, a 0-15-sq. in. copper wire was 
provided clamped to each structure and connected at 
intervals to the rails; the purpose of this wire is to 
provide continuity in the rail return-circuit in the event 
of this being broken at any time due to rail replace- 
ments or other causes. 

All the wires referred to above are carried by means 
of diabolo porcelain insulators on lattice-work steel 
structures. On single track these structures are of the 
cantilever design bolted down to foundations on the 


Fic. 9.—Single-track overhead-line construction, normal span. 
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Fic. 10.—Single-track overhead-line construction, overlap span. 
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inside of the curves. Bridge structures are used at 
anchorages and on double track, and also when necessary 
for carrying the supplementary feeders from one side 
of a single track to the other as the curvature changes. 
A pull-off registering arm is provided on every support. 

The overhead line is anchored approximately once 
every mile, and at these points the adjacent tension 
lengths are overlapped and are normally connected 
together by flexible copper connectors. Where the line 
has to be electrically sectioned, the overlapping lengths 
are connected through air-break switches which are 
mounted on the structures and can be operated by 
levers and rods from the ground. All the fittings for 
suspending catenary and contact lines and feeders and 
for registering their positions are of non-ferrous metal, 
with the exception of the steady arms, which are steel 
tubes. 

The track rails are bonded by means of protected- 
type joint bonds designed for attachment to the web 
of the rail inside the fishplate. Each rail joint on 
the running tracks is provided with two bonds, the 
sectional area per bond being 0:112 sq. in. The two 
rails of each track are cross-bonded at intervals of 
about 100 yards, and where there is double track the 
two tracks are cross-connected at about the same 
interval. Experience has shown that it is cheaper to 
install gas-welded bonds attached to the outside of the 
rail head, and renewals are being carried out with this 
method. 


(6) LOCOMOTIVES. 


In deciding upon the general design of a locomotive 
for a railway-electrification scheme, two important 
factors to be taken into account are the drawbar pull 
or tractive effort, and the speed. For the electrification 
in Natal one of the principal considerations was the 
possibility of securing a large increase in the capacity 
of the line to deal with the growing traffic. For this 
reason it was advisable to make provision for locomo- 
tives with the maximum permissible draw-bar pull. 
After discussion with the Railway Administration’s 
officers, it was decided that the limit of steady draw-bar 
pull should be taken as 60000 lb. The corresponding 


weight of train naturally varies with the gradients to be . 


dealt with on the different sections of the line. In order 
not to complicate trafic arrangements by introducing 
several variations in the load of the train as it is hauled 
from one end to the other of the electrified section, it was 
decided that the maximum train weights should be 
limited to the following :— 


From Glencoe to Daimana 
From Daimana to Pietermaritzburg.. 


1 640 tons. 
1 430 tons. 


The loads in the other direction are in all cases much 
less and are determined by the permissible number of 
vehicles, most of which are either empty or very lightly 
loaded. 

The importance of increasing the traffic capacity of 
the line was also considered in relation to the train 
speeds, as the greater part of the line consists of single 
track with passing places at stations. In such condi- 
tions it is clearly advantageous to provide for a high 
speed of travel so that the sections between passing 


places can be cleared quickly. On the other hand, the 
weights of goods wagons had been increasing for some 
time, and a considerable proportion of the mineral 
traffic consisted of bogie trucks containing 50 short tons 
of coal and having a total gross weight of about 70 short 
tons. As the track was considered somewhat light for 
stock of this weight, it was thought advisable to keep 
down the general average speed below what would 
otherwise be quite feasible with’ powerful electric 
locomotives and trains fitted throughout with air 
brakes. 

Taking all these factors into account, it was decided 
to design the locomotives to meet the following condi- 
tions :— 


(a) A locomotive (or a set of locomotive units) should 
be capable of hauling a train of 1 500 short 
tons up a gradient of 1 in 100 at a speed of 
21 or 22 miles per hour and of hauling the same 
train on a level tangent track at not less than 
36 miles per hour. 

(b) A locomotive (or a set of locomotive units) should 
be capable of holding a train of 1 640 short 
tons on a falling gradient of 1 in 50 by regenera- 
tive action alone at speeds suitable for such 
operation (the speeds being determined princi- 
pally by the curves and the necessity of passing 
through stations at not more than 15 miles 
per hour). 

(c) A locomotive (or a set of locomotive units) should 
be capable of taking a train of 1 430 short tons 
from Ladysmith to Pietermaritzburg in 7 hours 
7 minutes with 6 intermediate stops totalling 
52 minutes, or a train of 700 short tons from 
Pietermaritzburg to Ladysmith in 7 hours 
27 minutes with 13 intermediate stops totalling 
101 minutes, the speed through all stations at 
which a stop is not made to be reduced to 
15 miles per hour. 


To fulfil these requirements, the capacity on the 
one-hour rating of the motor equipment for a loco- 
motive (or a set of locomotive units) was fixed at 
3 600 h.p. 

The general design of the locomotive was the subject 
of careful consideration. Two factors had an important 
influence on the design, viz. the narrow gauge of 
3 ft. 6in., and the many short curves, the minimum 
radius being 300 ft. It was agreed with the engineers 
of the Administration that the fixed wheel-base of any 
locomotive or any bogie should not exceed 9 ft. 3 in, 
and the permissible weight per axle was settled at 
18 long tons. 

Many different designs were reviewed, particularly 
with reference to the experience obtained with each 
design in various electrification schemes already in 
operation.. It was felt desirable to adopt, so far 
as practicable, a simple design which had been 
thoroughly tried out and in regard to which there 
could be no uncertainty as to its success in operation. 
It had to be borne in mind that, for commercial reasons, 
it was not feasible to experiment with various designs, 
as this would have involved the installing of an exten- 
sive and costly electrification system which would be 
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unproductive for a considerable period until the loco- 
motive question had been settled and the bulk of the 
locomotives delivered and set to work. 

At that time, experience with electric locomotives of 


Efficiency, per cent oo 


Amperes 


Fic. 12,—Characteristic curves of traction motor (motoring). 


W.F. = weak field. 
F.F. = full field. 


the side-rod design had not been universally satisfactory. 
Many troubles had occurred and there was no general 
. agreement as to how such a design should be worked 
out in detail in order to avoid such troubles. It was 
also at that time, and in fact still is, by no means 


bogie locomotive with geared ‘motors suspended from 
the driving axles. The general arrangement of a loco- 
motive unit is shown in Fig. 11. To provide sufficient 
adhesion with adequate margin for the required tractive 
effort without exceeding the permissible weight per axle, 
12 driving axles or six 2-axle bogies are necessary. With 
this arrangement, therefore, a full-weight train is hauled 
by three locomotive units coupled together, each unit 
consisting of a body carried on two articulated bogies, 
and each axle being geared to a 300-h.p. motor. The 
equipment of a set of locomotive units therefore con- 
sists of twelve 300-h.p. motors, making an aggregate of 
3 600 h.p. On the one-hour rating, the tractive effort of 
this aggregate is 66 000 Ib., and the speed about 21 miles 
per hour. The performance curves for the main motors 
are given in Figs. 12 and 13. All locomotive units are 
designed for multiple-unit control, the capacity of the 
control couplings, etc., being sufficient to enable four 
units to be coupled up and controlled simultaneously 
from any master controller, whether hauling or working 
regeneratively. All classes of traffic, whether freight 
or passenger, are hauled by the same locomotives, the 
number of units depending upon the weight of the train. 
Thus the heaviest freight trains are hauled by three 
units, lighter freight and through passenger trains by 
two units, and local passenger trains by a single unit. 
The speed of passenger trains is naturally somewhat 
higher than that of the freight trains, but being limited 
by the curvature of the line is still well within the 
capabilities of the one design. 

The main power equipment of each locomotive unit 


. consists of the two pairs of 300-h.p. motors with electro- 
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Fic. 13.—Characteristic curves of traction motor (regenerating). 
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certain that a satisfactory and economical type of 
side-rod locomotive could be designed to meet all 
the requirements and limitations of this electrification 
scheme. 

Finally it was decided to adhere to the design: already 
adopted with satisfactory results on many narrow- 
gauge railways in various countries, viz. the double- 


pneumatic unit switches and switch groups for con- 
necting them in series or in parallel, for reversing, and 
for field control, the main grid resistances, two panto- 
graphs and the necessary power wiring. The supply of 
power -for auxiliary and control purposes is obtained 
from a 16-kW motor-generator, consisting of a 3 000-volt 
double-commutator motor and a 100-volt generator. 
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This generator works in parallel with a control battery, 
which is thus kept charged and is available for lighting 
and auxiliary purposes if the motor-generator is out of 
action. The exciting current for the main motors 
during regeneration is provided by a 28-kW motor- 
generator, which consists of a 3 000-volt double-com- 
mutator motor and a generator separately excited from 
the 100-volt auxiliary supply. The two main motor 
pairs can be connected in series or in parallel during 
regeneration, thus providing a wide range of speed 
under these conditions. All 3 000-volt apparatus in the 
locomotive, with the exception of the main motors and 
the two motor-generators, is contained in a high- 
tension chamber, the door of which is interlocked with 
an air-valve in the compressed-air supply to the two 
pantographs and with an earthing switch, so that there 
is no possibility of the driver entering the chamber 
while any high-tension circuit is alive. The locomotive 
equipment is protected from lightning by means of a 
choke coil and a horn-gap arrester, both mounted on the 
roof. 

The locomotive brakes are designed for operation by 
compressed air, and for this purpose a motor com- 
pressor is included in the equipment, the motor of 
which takes power from the auxiliary supply at 100 volts. 
Compressed air is also used for the operation of the 
pantographs and all the unit and group switches. As 
all rolling stock on the South African Railways is fitted 
with vacuum brakes, each electric locomotive is equipped 
with an electrically driven exhauster; this exhauster is 
of the rotary type driven by a 100-volt motor, and the 
control of the motor provides for low-speed running 
for maintaining the vacuum and high-speed running for 
the release of the brakes after an application. The 
operation of the locomotive brakes is effected from the 
driver's vacuum-brake valve by means of a propor- 
tional valve so arranged that the application of the 
brakes on the locomotive is proportional to the appli- 
cation of the train brakes. It would naturally have 
been simpler to have used the same system of braking 
on the locomotives as on the trains, but it would have 


been difficult, if not impossible, to accommodate on the 


locomotive the comparatively large vacuum-brake 
cylinders which would have been required, especially 
with the reduced atmospheric pressure at high altitudes, 
and as a supply of compressed air was desirable for 
pantographs and switch operation, the use of com- 
pressed-air brakes introduced in reality very little 
complication. 


(7) TELEPHONE COMMUNICATIONS. 


As already mentioned, the general control of the 
electrical system is effected by telephone instructions 
from the control engineers at Colenso. Information is 
received at this point from the various stationmasters 
and signalmen up and down the line of any indication 
on their instruments that the motor-generators in the 
substations have automatically shut down or been 
locked out. On receipt of any such advice, or on a 
request from the traffic controller, the control engineer 
on duty at Colenso issues instructions as to the starting 
up or shutting down of any substation motor-generator 


or the transfer of any substation from one transmission 
line to the other. The control engineer also keeps in 
close touch with the various principal operating officers 
and depots at which the overhead-line maintenance is. 
concentrated and with the locomotive running shed and 
repair shop at Daimana. He is also in frequent com- 
munication with the traffic controller whose office is at 
Ladysmith, who keeps him advised as to the movement 
of traffic and of any unusual occurrence on the line. 
The control engineers occupy the same room in the power 
station as the switchboard attendant, so that the 
co-ordination of the whole electrical system is facilitated. 

The telephone-communication system consists of two 
independent selector systems, one of which is normally 
utilized for communications to the signalmen and 
stationmasters who are connected with substation 
operation. Extensions are provided into the substation 
buildings for use by the maintenance staff during their 
visits. The other selector system connects up all the 
railway stations along the line with the traffic controller 
in Ladysmith and the control engineers at Colenso. 
There are therefore two alternative means of com- 
municating with the stationmasters at any station near 
which there is a substation. 

For communication between the trains and the 
traffic controller or the control engineers at Colenso, all 
drivers are provided with a portable telephone set. 
The two selector telephone lines mentioned above are 
teed off at frequent intervals, the tees being terminated 
by swan-neck insulators fixed on the anchor structures. 
Connection to these tees is effected by means of a 
pair of hook-sticks which the driver carries with him, 
and he is thus enabled to ring up Ladysmith or Colenso 
to advise them in the event of any breakdown on the 
line or of any special occurrence for which action is 
needed. 


(8) ELECTRICITY SUPPLY COMMISSION. 


On the 15th-16th January, 1927, the whole of the 
electrical installation up to the 3 000-volt feeders from 
the substations to the overhead line was taken over 
from the Railways and Harbours Administration by the 
Electricity Supply Commission. The Commission there- 
fore now owns and operates the power station, trans- 
mission lines, and substations, and is responsible for the 
supply of power to the Railway Administration for 
traction and other purposes. Provision has been made 
in the substations at Pietermaritzburg, Estcourt, 
Daimana and Glencoe whereby supplies of power at 
6 600 volts can be given to municipalities and other 
consumers, and although at present these supplies are 
comparatively small, they are the first fruits in this area 
of the policy for the carrying out of which the Commis- 
sion was appointed, viz. to make available, so far as 
possible, throughout South Africa a cheap supply of 
power at a reasonable price wherever such supply may 
be required, In the course of time there is little doubt 
that as industry develops in South Africa it will be 
attracted to the neighbourhood of the electrified line 
by the possibility of obtaining without any ou lay on 
generating plant an unlimited supply of power for the 
equipment of factories and mines and, possibly, for 
agricultural developments. 
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(9) OPERATING EXPERIENCE. ' 


(a) Effect on traffic working.—On a single line with the 
characteristics described above, it was only to be 
expected that the substitution for steam locomotives of 
electric locomotives with a practically unlimited supply 
of power on which to draw should lead to a very con- 
siderable improvement in the working of the traffic. 


“ Before electric operation started, the schedule 
for steam locomotives to haul the heaviest trains 
between Glencoe and Pietermaritzburg was 16 hours 
30 minutes, with the following loads:— 


From Glencoe to Ladysmith .. 16000 tons. 
From Ladysmith to Mooi River.. 820 tons. 
From Mooi River to Pietermaritz- 

burg 850 tons. 


Three electric units manipulated by one driver and 
an assistant now convey 1 500-ton trains the whole 
distance in 10 hours 16 minutes. 

“ Under steam conditions the factors which con- 
tributed principally to the lengthier transit were:— 
Low speeds up gradients; remarshalling of trains 
at Ladysmith, Mooi River and Pietermaritzburg, 
owing to the varying load restrictions over the 
different sections and the time occupied at frequent 
intervals watering locomotives and attending thereto 
on the journey. 

“ A 1500-ton train is conveyed over the entire 
route between Glencoe and Pietermaritzburg by 
electric traction without being disturbed; the 
average speed up the gradient between Estcourt 
and Mooi River, where there is a ruling gradient 
of 1 in 65, is 21 miles per hour, compared with 
8 miles per hour under steam; and electric loco- 
motives require little or no attention en route. _ 

*“* The heaviest tonnage moved south of Ladysmith 
under steam on any one day was 25 351 tons, and 
this was not accomplished without a considerable 
strain on the resources; in fact, the movement of 
such a tonnage under steam conditions could not 
be maintained daily for any length of time. 

“ From the experience gained to date, there is no 
reason why, with additional equipment, the exist- 
ing line should not handle up to 40 000 tons a day 
or more.” . 


The above extracts from the General Manager’s annual 
report for the year ended 3lst March, 1926, will be 
better appreciated by a study of two train diagrams, 
both relating to the working of the traffic over the 
section Ladysmith to Mooi River, the most difficult 
section for loaded traffic on account of the long 
climb against a gradient of 1 in 65 between Estcourt 
and New Dell. The first diagram (Fig. 14) shows the 
graphic time-table for a trafic of 25351 tons with 
steam operation; the second (Fig. 15), shows a similar 
time-table for a traffic of 25116 tons under electric 
working. ar 

A glance at these two diagrams will enable the 
following points to be observed.. 

The number of single trains arriving at Estcourt 
from Ladysmith is 31 goods and 4 passenger under steam 


working, and 19 goods and 4 passenger under electric 
working. 

Permissive working is employed with steam operation, 
absolute block working with electric operation. 

Almost the whole of the up traffic with steam working 
from Mooi River to Estcourt passes over the old line, 
leaving the new line free for the down traffic. With 
electric working the new line takes the whole of the 
traffic in both directions. 

The time of transit for a steam-hauled goods train 
from Ladysmith to Mooi River is 8 hours or more; for 
an electrically hauled goods train it is 4 to 5 hours. 

The speeds of passenger and goods trains are more 
nearly equal with electric than with steam working. 
For instance, the 10 a.m. down passenger, steam- 


hauled, from Ladysmith passes 6 down goods trains 


before reaching Mooi River; the 11 a.m. down passenger, 
electrically hauled, passes only 2. 
It should be remarked that the diagram representing 


TABLE 1. 

: . _ Net input Watt- Watt- 
bai o pa dp oe mali 
sets hauled (total) 

Millions Millions | Million kWh 
25/1/26 96-1°| 115-6 5:75 60:0 49-6 
22/2/26 98:3:| 119-7 6-22 63-5 51:8 
25/3/26 114-0 | 139-0 7-45 65-2 53:5 
24/4/26 | 123-4 | 150-8 | 7-62 | 62-0 |503 
25/5/26 | 164-9 | 198-4 | 9-55 | 57-8 | 48-2 
24/6/26 154-3 | 186-7 9-24 59-7 49:6 
25/7/26 172-7 | 207-8 | 10-5 60-75 | 5017 
25/8/26 164:0 | 200°4 9-78 59:7 48-17 
24/9/26 170-0 | 204-8 9-99 58:7 48-7 
25/10/26 | 171-7 | 206-1 | 9-91 | 57-8 | 48-2 
25/11/26 | 164-0 | 197-9 9-174 | 56:0 46°6 
24/12/26 | 171-7 | 206-8 9-46 55-0 45-6 


* Short ton of 3 000 Ib. 


the steam service has reference to a day on which the 
regular working of the traffic was not disturbed by any 
breakage of couplings, derailments or other causes of 
delay. There is, however, always a liability for some 
trains, passenger or goods, to run late for one reason 
or another. It is obvious that on a single line with 
such a heavy volume of traffic, late running is likely 
to cause serious dislocation, the cumulative effect of 
which is bound to be much worse with a traffic consisting 
of 31 goods and 4 passenger trains running at widely 
different speeds than with 19 goods and dé passengé 
trains running at nearly the same speed. 

The reduction effected in the working expenses by 
this improvement in traffic working, especially 1m 
regard to the wages of the train crews, is obviously 
substantial; with the steam-operated traffic shown m 
Fig. 14 the average time on duty of train crews was 
about 15 hours. The overtime payment was therefore 
very considerable. This has been greatly reduced by 
electric operation. | 

(b) Energy consumption.—Table 1 gives particulars of 
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the traffic and the energy consumption during the 
year 1926. 

It will be observed that the consumption per ton- 
mile gradually fell during the months September to 
December, the final figure being 45-6 watt-hours (or 
45-6 units delivered to the substations per 1 000 short 
ton-miles). This is within a small percentage of the 
estimate worked out when the scheme was prepared. 
During this period regenerative working was being 
gradually introduced. 

A special test was made with a down train of 1 500 
tons and an up train of 800 tons, both hauled by three 
electric units, to ascertain the amount of energy regene- 
rated during a round trip from Glencoe to Pieter- 


While the energy consumption for any given 
volume of traffic can be estimated with reasonable 
accuracy, it is more difficult to forecast the maxi- 
mum demand. Where traffic consists of a large 
number of suburban trains working very closely to 
a definite time-table, the maximum demand (say the 
half-hour maximum) is easily calculated, and the 
momentary maximum, being of very short duration, 
is of no great importance. With traffic consisting 
mainly of a few very heavy goods trains and working 
only approximately to time-table, the fluctuations are 
likely to be considerable, with heavy demands con- 
tinuing over considerable periods. For example, the 
load on the power station due to a 1 500-ton train 


TABLE 2. 


Tonnage Hauled and Maximum Demand on Power Station. 


Tonnage hauled south of Ladysmith 


Maximum half-hour 


A | A PPP | gap Aa SSS gap TS 


Date 
Freight Passenger 
tons tons 
4/7/26 24 681 2 423 
15/7/26 22 327 1575 
13/8/26 24 174 1 102 
4/9/26 19 033 1 252 
15/9/26 24 151 1 439 
8/10/26 24 409 1097 
14/10/26 24 058 1072 
27/11/26 24 990 846 
10/12/26 24 866 1 145 
16/12/26 25 118 1 463 
7/2/27 24 485 1 098 
31/3/27 24 371 1 050 
32 329 N. of Ladysmith 
2aL91a7 Lo 537 S. of Ladysmith 
24/6/27 25 627 1 535 
11/8/27 27 043 1 694 
16/8/27 32 240 1 520 
23/8/27 26 463 1 558 


maritzburg and back. 


It was found that the input to 


. oai Peak load 
Total 

tons WwW kW 
27 104 23 360* Under 30 000 
23 902 24 300 28 000 
25 276 24 020 29 000 
20 285 23 780 27 500 
25 590 23 580 33 500 
25 506 -* 21700 32 000 
25 130 23 180 Under 29 500 
25 836 Under 22 900 29 000 
26 011 23 080 Under 28 500 
26 581 Under 22 500 32 000 
25 583 Under 22 500 Under 30 000 
25 421 20 160 Under 26 000 

= Under 23 900 28 000 
27 162 23 900 28 000 
28 737 Under 21 800 Under 30 000 
33 760 Under 21 800 35 000 
28 021 24 160 34 000 


travelling over the bank from Estcourt to Mooi River, 


_tonnage of 8 


the main motors was about 15 200 units, and the output 
from the motors about 4800 units. In attempting to 
estimate the value of this regenerative working, due 


allowance must be made for losses in the exciters and 


other auxiliaries on the locomotives, the distribution 
line and the substations. Such losses can hardly be 
less than 20 per cent of the output from the motors, 
but even assuming a higher figure, viz. 25 per cent, the 
energy made available by regeneration on goods trains 
alone with a daily coastwise traffic of 30000 tons 


(excluding Sundays), would be about 22% million units 


per annum. Failing regeneration, the whole of this 
energy would have to be dissipated by the brakes on 

the locomotives and the trucks. 
* During this day (a Sunday) a, line was shut down for four hours to 
pci Ais work being carried out in Lidgetton tunnel. The 


traffic densit ty was theref ore not =i loss than that corresponding to a goods 
000 and a normal passenger traffic of 1 100 to 1 200 tons. 


is approximately 3500 kW for about 40 minutes, 
changing within 40 seconds to a negative demand of 
about 900 kW. For a traffic of 30000 tons per day, 
coastwise, and, say, four passenger trains in each 
direction, there will be simultaneously on the line 
between Glencoe and Pietermaritzburg 20 to 25 trains, 
the majority with three locomotive units and a few 
with two units. From these figures it will be appre- 
ciated that the estimation of the maximum demand, 
half-hour and momentary, is not easy. 

For the purpose of deciding upon the equipment of 
the power station it was assumed that the half-hour 
maximum demand, for traction alone, corresponding to 
the full traffic of 30000 tons per day would be 
24 000 kW, which gives with the estimated consumption 
a daily load factor of between 75 and 80 per cent. 
The daily traffic has so far only twice exceeded 
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30 000 tons, and the records of a couple of days are, of 
course, insufficient to show whether this assumed 
figure of maximum demand can be relied on for regular 
working, but the figures of Table 2, selected more or less 
at random from the records of operation, show that 
this forecast is not likely to be far wrong. 

It is clear from this table that the maximum demand 
does not vary proportionally with the traffic hauled. 
The reason for this is that the time-table is arranged for 
the maximum probable traffic over a considerable 
period, and if the traffic offering is less than this, a 
sufficient number of trains on the schedule are cancelled. 
In such conditions the total energy consumption is 
reduced, but the maximum demand is not materially 
affected. 

This table also gives a few particulars of the two- 
minute demand, which is still less easily estimated 
beforehand. This characteristic of the load is referred 
to below. 

(c) Power station.—Table 3 gives the operating 
statistics for the six months, June to November, 1927. 


the load factor on the basis of the half-hour maximum 
is high, the conditions of working, with sudden and 
wide fluctuations in the demand, are not conducive to 
very high economy. A typical load curve is shown in 
Fig. 16. To deal with these fluctuations it 1s necessary 
to steam more boiler plant than would take care of the 
average load or even the half-hour maximum. Thus 
five boilers steaming and one standing by are required 
to supply the steam necessary for a load such as is 
shown in Fig. 16. In effect, this means that each boiler 
steaming is producing steam on the average at not much 


. more than 50 per cent of its normal rated capacity. It 


is impossible to maintain an absolutely steady steam 
pressure; at times of light load the boilers are liable to 
blow off, and during the short-period peaks the pressure 
falls. Occasionally the pressure-drop is such that the 
load has to be reduced in order to avoid the slowing up 
of the whole system, which would result in the automatic 
tripping out of all the substation motor-generators. 
This reduction is effected by the control engineer at 
Colenso, who trips out for a few minutes two or three 


TABLE 3. 


Power-Station Operating Statistics. 


Month (1927) Units sent out as hour 
kWh kW 
June 9 659 920 22 780 
July 10 088 092 24 020 
August 10 664 488 25 600 
September 10 658 430 24 360 
October 9 367 064 22 240 
November 9 631 924 22 920 


O | A aa ET 


Peak load ee en per unit - Thermal efficiency 
kW Ib. per cent 

32 000 1-76 21 500 15:9 

34 Q00 1-89 21 900 15-6 

35 000 1:72 21 150 16-1 

34 000 1-68 21 000 16°2 

32 000 1-72 21 400 15°9 

34 000 1-66 20 500 16:6 


The fuel, of which the calorific value varies between 
11 600 and 12 500 B.Th.U. per lb., is a mixture in equal 
proportions of duff and peas. It was found by experi- 
ence that duff used alone was too fine to enable the 
boilers to give their guaranteed output. The grading of 
the duff is shown in Table 4. 


TABLE 4. 


Sample I | Sample II |Sample III 


per cent | percent | per cent 
Passed  in., retained by § in. 0:5 0-1 2-4 
Passed # in., retained by 4 in. 9-8 6-3| 18-7 
Passed 1 in., retained by $in. | 35-3 | 42:0] 31-1 
Passed 1 in ; 54-4 | 51-6 | 47-8 
100-0 | 100-0 | 100-0 


The price of the duff at the pit is Is. 33d. per short 
ton, and of the peas 3s. 6d.; thus the price of the mix- 
ture is 2s. 44d. The freight to Colenso costs 6s. 8d. a ton. 

It will be understood from the foregoing discussion 
in regard to the character of the load that, although 


of the substations, switching them in again as the load 
drops. Under the circumstances it will be agreed that 
the results obtained in the power station reflect great 
credit on the operating staff. With increased traffic 
and a steadier load better results may be expected. 

(d) Transmission lines.—These lines have given very 
little trouble in service. There have been a number of 
cases in which one or other line has been cut out, but on 
very few occasions, and then only for a very short time, 
have both lines been out at the same time. There have 
been, however, quite a number of temporary faults. 
In the worst month there were 29, 18 of which were 
attributed to birds and 11 to lightning. In only one 
case, however, has there been a sustained fault which 
made it impossible to reclose the circuit breakers 
immediately. 

(e) Substations.—Corresponding to coastwise freight 
traffic of about 22 000 tons per day, the average plant 
load factor in the substation (i.e. average output from 
all substations divided by the rated capacity of the 
motor-generators running) is 50 to 55 per cent. For the 
same traffic the average load factor based on the rated 
capacity of all the motor-generators installed is 30 to 
33 per cent. 


SECTION OF THE SOUTH AFRICAN RAILWAYS. 


It will be seen from the description of the substation 
scheme that four of the 12 substations contain a single 
motor-generator. To get the best efficiency from the 
distribution line it is necessary that these single sets 
should run practically continuously. In other sub- 
stations the spare set can be run whenever it is desired 
to shut down the set normally used. The operation 
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operation. The effect of lightning discharges in ‘the 
neighbourhood of an electric railway on the overhead 
track equipment was not known with any degree of pre- 
cision. It was common knowledge that electrified lines 
of a similar nature running through country where severe 
thunderstorms were prevalent did not experience suff- 
cient. trouble to cause any serious interference with 
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Fic. 16.—Load curve of Colenso power station. 


records for the first six months of 1926 show that the 
running hours of the single sets in the Frere and Wil- 
brook substation swere 3591 and 3573 respectively. 
Bearing'in mind that there is nominally no traffic on 
Sundays, these figures show that these motor-generators 
were in service about 90 per cent of the total time 
during which traffic was passing. 

(f) Track equipment.—The most interesting experi- 
ence with the track equipment is the trouble that was 
caused by lightning during the early days of electric 


the operation of the trafic. In Natal the lightning 
storms during the summer may perhaps be more severe 
than on any other electrified line, and certainly’ their 
effect on the overhead equipment during the first two 
summers was such as to cause some dislocation of the 
service. The possibility of damage due 'to lightning 
was foreseen, and the question of installing protective 
devices was carefully considered. In view of the 
‘uncertainty as to the extent of the possible damage, and 
the further uncertainty as to the effectiveness of any of 
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the arresters or other protective devices available, it was 
decided to await the results of experience before com- 
mitting the Railway Administration to a heavy expendi- 
ture which might be unnecessary or ineffectual. 
Experience during the first summer showed that some 
definite scheme of protection was necessary to prevent 
the breakdown of the overhead-line insulators during 
the frequent lightning storms. The trouble generally 
showed itself in the following way. Due to a lightning 
discharge in the neighbourhood a momentary high 
pressure was induced in the overhead line sufficient to 
cause a flash-over to earth from the live fitting on a 
pull-off insulator. Following this flash-over a 3 000-volt 
short-circuit was established, the arc of which burnt 
out the insulator clamps and allowed the pull-off rod 
to fall free and hang suspended from the contact 


line. This rod, which remained alive, fouled and - 


damaged the pantograph of the first locomotive that 
came along, unless the driver was able to pull up in 
time, in which case the train was held there until the 
pull-off arm had been removed. 

To guard against this, it was at first proposed to 
install at frequent intervals some form of lightning 
arrester which would dissipate the induced charge and 
thereby obviate the tendency to flash-over; but the 
solution of the problem was ultimately found in the 
adoption of high-speed automatic circuit breakers for 
sectionalizing the line at every substation. The effect 
of any flash-over and the subsequent 3 000-volt short- 
circuit is now to open the high-speed circuit breaker at 
each end of the section affected. The arc is thus cut 
off before it has time to do any serious damage, and the 
line is made alive again by reclosing the circuit breakers. 
Any slight damage to the insulator is made good at the 
first opportunity, for instance during the Sunday shut- 
down. The trouble has in this way been entirely 
eliminated. 

Careful consideration was necessary for the calibration 
of the circuit breakers. The overload setting should be 
as high as possible in order to avoid the circuit being 
opened by the normal operating current, and as low as 
possible in order to ensure its being opened by the 
minimum fault current. Provided all substations are 
running, there is no great difficulty in meeting these two 
requirements, as the substations are fairly close together 
and the minimum fault currents are well above the 
ordinary operating currents. If, however, a substation 
is shut down, either for overhaul or in consequence of 
traffic being insufficient to require it, both the minimum 
fault current and the operating current flowing through 
either of the two circuit breakers at that substation 
are considerably less than when the substation is run- 
ning. Arrangements are therefore provided for auto- 
matically reducing the overload setting of the circuit 
breakers whenever the corresponding motor-generators 
are shut down. 

In October of last year a number of the concrete 
blocks which form the foundations of the track structures 
were found to be cracked. Those affected are mainly 
in damp ground and in localities approximately midway 
between certain substations. There is some reason to 


think that the cracking is caused, at all events partly, by: 


corrosion of the foundation bolts due to electrolytic 


action, and measures are being adopted to prevent the 
return current leaking to earth through the concrete 
blocks. 

(g) Locomotives.— The electric locomotives have given, 
and are giving, very good service. Apart from a few minor 
troubles to which reference is made below, they have 
fulfilled all requirements and are capable of dealing with 
loads rather heavier than those specified. For example, 
block loads of 1500 short tons are now made up at 
Glencoe and are hauled through without assistance to 
Pietermaritzburg, although the specification only calls 
for loads of 1430 tons south of Ladysmith. The 
78 units originally provided to deal with a daily traffic 
of 20000 tons towards the coast, plus the passenger 
traffic, have on occasions dealt with more than 25 000 


tons. With 17 additional units, making 95 in all, a 


total of 34 000 tons, including the passenger traffic, has 
been worked successfully over the electrified section. 
The arrangements for regenerative braking have 
proved quite satisfactory, and, so far as the author is 
aware, there is no reason why this system of braking 
should not be regarded as a valuable feature of the 
electrification scheme. Figures have been given above 
as to the regenerated energy which would otherwise be 


dissipated by the brakes. It is unfortunately not 


practicable to give any figures showing the increase in 
the life of the brake blocks, as the trucks and coaches 
passing over the electrified section come from and go to 
all parts of the Union. Apart from the advantages 
mentioned, one good result of regenerative working is 
the diminution in the production on the locomotives 
of brake dust which is apt to find its way into the 
motors and the equipment generally and may give rise 
to short-circuits if not carefully attended to. 

A certain amount of trouble was caused by some of 
the insulators on the roof developing cracks, probably 
due to swelling of the cement. These cracks led to 
short-circuits between the bare conductors and the roof, 
and as these short-circuits are on the line side of the 
main circuit breakers they did a good deal of damage. 
The defective insulators were replaced by others of a 
stronger design and the trouble ceased. — 

The parts of the electrical equipment which re- 
ceived most criticism were the 3 000-volt motors of the 


‘two motor-generators. During the early days and 


until steps had been taken to eliminate the causes, 
these motors were very liable to flash-over from brush 
to brush or from brush to ground. It will be realized 
that motors of such small capacity and for so high a 
voltage are not easy to design or manufacture. The 
armature windings must be of comparatively fine wire, 
which needs very careful handling, especially at the 
commutator lugs, the commutator segments are very 
narrow and the commutator as a whole must contain 
an unusually high percentage of mica insulation. The 
immediate causes of the flashing-over were, (1) broken 
wires, (2) high commutator segments owing to shrinkage 
of mica, and (3) brushes sticking in the brush holders. 
When once these causes were recognized it was a simple 
matter, but required a little time, to eliminate them 
from all the motor-generators, and the locomotives can 
now be considered quite reliable in this respect. 

During the early days of operation a good deal of 
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trouble was caused by the breakage of truck couplings 
and draw-gear. The strength of the draw-gear was 
found to be below the standard required for the haulage 
of such heavy trains. During last year this trouble 
has been greatly reduced, partly due to the more skilful 
handling of the locomotives by the drivers, and probably 
in part due to the elimination of a good many weak or 
flawed draw-bars. The traffic delays due to this cause, 
which at first were a noticeable feature of electric 
working, are now unimportant. 

These breakages of draw-bars, which had not been 
foreseen, reacted on the electrical equipment of the 
locomotives, especially on the main resistances. It 
happened, not infrequently, that a few trucks at the 
rear of a train broke away when the train was on a 
falling gradient of 1 in 50. The practice in such cases 
was to set back the train on to the separated portion 
and couple up again with spare links. This entailed 
moving the train at a very low speed up a gradient 
steeper than the maximum, viz. 1 in 65, up which the 
locomotives were required to haul fully-loaded trains. 
AS a consequence, the main resistances, which, even 
apart from this special condition, had not quite sufficient 
capacity, got badly overheated and in some cases were 


burnt out. With some difficulty, owing to space 


restrictions, additional blocks of resistance were fitted 
into the high-tension chamber, and the locomotives in 
this respect can now meet all reasonable requirements. 
The design of the articulating joint between the two 
bogies of each locomotive unit has also been -criti- 
cized. Opinions differ as to the freedom of relative 
movement that should be allowed in this joint. In the 
design adopted for the South African locomotives, the 
adjacent ends of the two bogies are completely free to 
move in a vertical direction, but no relative lateral 
movement is possible. In the early part of last year a 
considerable number of split rails were found on the 
Natal main line, the majority on the electrified section. 
The split developed along the bottom of the web and 
mainly at points where the rails.were bolted down to 
the sleepers. Usually the trouble was confined to 


curves, and the cracks were on the outer side of the | 


web. The matter was carefully investigated by repre- 
sentatives of the chief civil engineer and the chief 
mechanical engineer, and records were taken by a 
specially devised instrument of the horizontal deflec- 
tions of the rail head caused by the passage of a set of 
three electric units and by one or two different steam 
locomotives. It appeared from the records that the 
deflection due to the leading axle of the trailing bogie 
of each electric unit was greater than that caused by 
any other axle on either electric or steam locomotives, and 
the splitting of the rail was ascribed to fatigue caused 
by the stress corresponding to this deflection. It also 
appeared from further tests that if the articulating joint 
between the bogies were slightly altered to permit of a 
small amount of relative lateral movement, the deflec- 
tion and stress would be no greater than those experi- 
enced with steam locomotives or heavy coal trucks. 
Some rails were found to be suffering from a defect in 
manufacture, and these were replaced by the makers 
free of cost. The general conclusion was that the 
track, which was in any event rather light for the 


e 


e. 


traffic to be carried, should be strengthened by laying 
rails of slightly greater weight and with the web 
strengthened up by 125 per cent at the base. It was 
decided not to proceed with the suggested modifica- 
tions to the articulating joints, as this would have an 


TABLE 5. 


Locomotive Mileage. 


Mileage run between Mileage run between 
Loco. No. 95/17/36 and 24/11/26]: Leco- No. loss1a735 and 24/11/26 


1 75 068 40 69 147 
2 76 287 41 63 750 
3 76 518 42 79 114 
4 76 472 43 71 260 
5 74 214 44 74 798 
6 69 786 45 63 849 ` 
7 80 475 46 72 367 
8 67 574 AT 71 423 
9 76 134 48 52 854 
10 69 455 49 73 529 
11 68 825 50 74 689 
12 73 421 51 58 599 
13 75 615 52 71 288 
14 50 828 53 71 387 
16 70 856 54 74 673 
16 68 493 55 71 053 
17 69 745 56 75 563 
18 71 091 57 76 309 
19 73 887 58 58 461 
20 72 272 59 63 328 
21 74 275 60 78 090 
22 71737 61 69 099 
23 75 673 62 68 538 
24 77 841 63 76 685 
25 74 686 64 75 955 
26 70 347 65 77 872 
27 73 952 66 68 218 
28 75 097 67 72 337 
29 76 938 68 70 618 
30 75 397 69 62 217 
31 74-262 70 59 746 
32 75119 71 70 446 
33 77 494 72 72 272 
34 71 087 73 76 505 
35 70 160 74 75 025 
36 72 952 75 75 442 
37 66 517 76 69 537 
38 67 325 77 74 395 
39, 73 752 78 1 085* 


* Loco. No. 78 was put into traffic in November 1926. 


adverse effect on the wear of the tyres on the leading 
wheels of each locomotive unit. . | 

With the large volume of traffic and the length of 
the section, it was to be expected that the locomotives 
would work a considerable mileage per annum. 
Table 5 shows that this expectation has been realized. 

(h) Communication circuits —As already mentioned, 
the telegraph and telephone lines run for the most 
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part along the railway, and are therefore only a 
few feet away from the 3000-volt overhead wires. 
There were no circuits with an earth return and 
no alteration in this respect was necessary. It 
is interesting to note that under normal working 
conditions no trouble leading to any complaints has 
been experienced on account of interference from 
either the 88000-volt transmission lines or the 
3 000-volt overhead wires. When electric operation 
started, there were naturally a good many short-circuits, 
and it was found that on these occasions the telephone 
operator in the Colenso power station was liable to 
receive severe aural shocks. This trouble was satis- 
factorily overcome by installing loud-speaking instru- 
ments instead of the ordinary headphones. 


CONCLUSION. 


The decision to proceed with this important scheme 
of railway electrification, the most extensive of its kind 
in the British Empire, was made by the South African 
Government of which General Smuts was the Prime 
Minister, The chief credit for its successful initiation 
and completion must be given to Sir William Hoy, 
General Manager of the Railways and Harbours from 
1910 to 1927, who gave the scheme unremitting personal 
attention from start to finish, 


The consulting engineers, Merz and McLellan, were 
responsible to the. South African Government for the 
design of the complete electrification, for the placing 
of the contracts, for supervising manufacture and 
erection on site and for the setting to work of the 
whole scheme. The civil engineering work at the 
power station, substations and along the line was 
carried out by the engineering department of the rail- 
way under Mr. R. C. Wallace, the chief civil engineer, 
his assistant, Mr, T. H. Watermeyer, now Assistant 
General Manager at Capetown, and Mr. W. A. Moyers, 
who was the resident engineer stationed at Colenso. 
The design of the mechanical part of the locomotives 
was subject to the approval of Colonel F. W. Collins, 
at that time advisory engineer to the Railways 
Administration in ‘London and now chief mechanical 
engineer in South Africa. The consulting engineers’ 
chief representative in South Africa was Mr. C. H. 
Lydall. The contractors for the power station and 
substation plant, steel buildings, transmission lines, 
track equipment and locomotives are given in the 
Appendix. 

The author wishes to express his thanks to the Rail- 
ways and Harbours Administration and the Electricity 
Supply Commission of South Africa for much of the 
information and many of the statistics included in the 


paper. 


APPENDIX. 


PARTICULARS OF PLANT AND NAMES OF CONTRACTORS. 


POWER STATION (see Figs. 3 and 4). 


Contractors— 


Steel-frame buildings .. 

Boiler-house equipment and pipe work 
Turbo-alternators and condensers 

Switchgear and cabling 

Unit and power-station transformers | 

Coal- and ash-handling plant 

Circulating-water screens 

Circulating-water pipes in engine-room basement . 


Outdoor substation, including step-up transformers and 


88 kV switchgear 
Substation steelwork and connections 
Weighbridge ; 
Electric shunting locomotive . 


Technical Particulars— 


Number of boilers 
Normal capacity per boiler 
Overload capacity per boiler .. 
Working pressure T 
Temperature of superheated steam ea 
Forced- and induced-draught fan motors . .. 
Temperature of flue gases 
Heating surface of each air heater 
Temperature of feed water 

` Boiler efficiency 
Stokers .. 


Dorman, Long and Co., Ltd. 
Babcock and Wilcox, Ltd. 

C. A. Parsons and Co., Ltd. 

A. Reyrolle and Co.,Ltd. 
Metropolitan-Vickers Co., Ltd. 
Robt. Dempster and Sons, Ltd. 
Babcock and Wilcox, Ltd. 

J. Blakeborough and Sons, Ltd. 
International General Electric Co. 


Hubert Davies and Co., Ltd. 
W. Hodgson and Sons, Ltd. 
English Electric Co., Ltd. 


8 

60 000 lb. of steam per hour. 

75 000 lb. of steam per hour. 

270 1b. per sq. in. 

700° F. 

144 h.p. 

350° F. 

20 243 sq. ft. 

210° F., feed-heating by bleeding the turbines. 

88 per cent. 

2 per boiler, E compartment type, 8 ft. 
x 16ft. . T 


= = rad e on Lead » hi 


ae 


SECTION OF THE SOUTH AFRICAN RAILWAYS. 1045 
O A SUS 


Span and capacity of engine-room crane 

Number of turbo-alternators .. 

Rated capacity per turbo-alternator 

Frequency, speed, and voltage DS 

2-minute overload capacity of each turbo-alternator 
Type of turbine a = 


Condenser surface, per shell ; 
Number and capacity of circulating-water pumps . 


Steam consumption on full load, 14 400 lb. of steam per 
hour extracted at 2 points for feed-water dina 

Type and capacity of coal-handling plant .. 

Type of ash-handling plant : 

Number and capacity of unit transformers 

Number and capacity of power-station transformers 

Rated capacity of 6 600-volt circuit breakers 

Number and capacity of one transformers 

Type of transformers .. : 2 a 

Ratio of transformers .. : 

Guaranteed full-load efficiency 

Number and type of lightning arresters 


72 ft., 60 tons. 

5 

12 000 kW, 3-phase, at 0-9 power factor. 

50 cycles, 3 000 r.p.m., 6 600/6 750 V. 

20 000 kW, at 0-9 power factor. 

Reaction type with h.p. and l.p. cylinders and twin 
condensers. 

9 500 sq. ft. 

5 (later 6), each of 21000 galls. per min. against 
44 ft. head. 

10:6 Ib. per kWh. 


2 band conveyors, each 60 tons per hour. 
Drag-link, running in water trough. 

Five 500 kVA, 6 600/415 V. 

Four 900 kVA, 6 600/415 V. 

2 000 amperes. 

Five 13 500 kVA. 

3-phase units, oil-immersed, force-cooled. 
6 600/88 000 V. 

98-7 per cent. 

4—oxide film. 


TRANSMISSION LINES (see Figs. 1 and 5). 


Contractors. 
Sub-Contractors— 


Towers 
Insulators 
Copper wire 
Steel wire 


Technical Particulars— 
Type of line 
Voltage .. T 
System of suspension v 
Conductors per line 
Number and size of earth wires 
Number and size of discs per suspension string 
Number and size of discs per tension string 
Height and weight of suspension towers 
Height and weight of angle towers .. 
Height and weight of anchor towers À 
Type of road and telegraph line crossings .. 


Total length of single-circuit line, including tees 


Hubert Davies and Co., Ltd. 


Milliken Brothers. 

Canadian Porcelain Co. 
Thos. Bolton and Sons, Ltd. 
Whitecross Co., Ltd. 


Single circuit. 

88 000 V. 

3 conductors in the same horizontal plane. 

Three 0- 125 sq. in. copper. 

2 of galvanized steel, 7/12 S.W.G. 

Six, 10 in. 

Eight, 10 in. 

5l ft. 6 in., 5 310 Ib. 

48 ft. 6 in.,.7 250 lb. 

48 ít. 6 in., 6 300 1b. | 

Duplicate strings of insulators supporting duplicate 
conductor tied at intervals of 5 ft. 

276 miles. 


SUBSTATIONS (see Figs. 2, 6 and 7). 


Contractors— 
Plant, switchgear and cabling 


Steel-frame buildings .. i 
Steelwork for outdoor step-down substations 


Technical particulars— 


Number of substations 

Number of motor-generators . 

Capacity of each motor-generator (continuous rating) 
Overload capacity of each motor-generator 


Speed of motor-generator 
Voltage of synchronous motor 


British Thomson-Houston Co., Ltd., ana Iiternaional 
General Electric Co. 

E. C. and J. Keay, Ltd. 

Hubert Davies and Co., Ltd. 


12; 1 triple unit, 7 double unit and. 4 ERES unit. 

21 

2 000 kW. 

3000 kW for $ hour 2000 amps. for 5 min., 
2 300 amps. momentary. 

500 r.p.m. 

6 600 V. 
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Overall length of motor-generator, including synchronous 31 ft. 


motor, two 1 500-volt generators and two exciters 
Method of protection against overloads 


Method of starting .. 
Type of automatic control 
Method of remote operation .. 


Method of connecting generators to the 3000-V overhead 


line 


Automatic reclosing of the generators after a short-circuit 


or overload on the 3 000-V line 


Setting of load-regulating relay 


Setting of temperature relay .. 


Capacity of separate ventilating fan for each set .. 


High-speed circuit breaker for peak overloads, and 
thermal relay for sustained overloads. 

Tap starting on 40 per cent of full voltage. 

Motor-operated drum controller and associated relays. 

Semi-automatic, through multi-core control-cable from 
signal cabin or stationmaster’s office. 

The appropriate moment for closing the generators 
on to the overhead line is determined by a voltage- 
equalizing relay, which, through another relay, 
controls the motor-operated: field rheostat, which 
raises or lowers the machine voltage. When the 
voltages are equal the relay completes the closing 
circuit of the line contactors and connects the 
generators on to the line. 

After the high-speed circuit breaker and line contactors 
have cleared the machine from the line, the motor- 
operated rheostat is run through to the “ all in” 
position and the high-speed circuit breaker is again 
closed. The voltage of the machine is again 
brought up automatically, the voltage-equalizing 
relay completes the closing circuit of the line con- 

_ tactors and the machine is closed again on to the 
line. 

If the overload or short-circuit persists, this cycle ot 
operation is repeated a certain number of times 

and on completion of that number the set is shut 
down. The number of reclosures is determined by 
an adjustable notching relay. 

This relay takes over the control of a set when the 
load on the set exceeds 100 per cent overload and 
reduces the voltage uniformly to 2200 V, which 
corresponds to a load of 2 100 amps. 

This relay has two operating temperatures set 10 deg. 
C. apart. The function of the first element is to 
alter the calibration of the load-regulating relay and 
thus still further reduce the voltage. If, in spite of 
this, the temperature continues to rise, the second 
element comes into action at about 100° C. and dis- 
connects the machine on the d.c. side, leaving it 
running light until the temperature has fallen 
10 deg. C., when it is again connected to the track 

30 000 cubic ft. of free air per min. 


TRACK EQUIPMENT (see Figs. 2, 9 and 10). 


Contractors— 


Complete overhead line 
Bonds A 


Technical particulars— 
Normal height of contact line = 
Maximum and minimum heights of contact line 
Normal sag of catenary l 
Spacing of supporting structures 
Spacing of droppers 
Number of steady arms 


Curves for which one intermediate pull- -off structure is j 


provided 


Curves for which 2 intermediate pull-off structures are 


provided 
Contact wire .. 
Catenary cable .. 


British Insulated and Helsby Cables, Ltd. 
British Insulated and Helsby Cables, Ltd. 


16 ít. 6 in. 


~; 20 ft.: 13 ft. 10 in. 


6 ít. 

210 ít. 

17 ft. 6 in. 

One per structure. 

From 5 000 ft. to 1 100 ft. radius. 


From 1 100 ít. to 300 ft. radius. 


Hard-drawn circular grooved copper 0-25 sq. in. area. 
Hard-drawn copper strand 19/-05 in. (= 0-375 sq. in.). 


.. H Sad 
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Type of insulator 

Structures is 

Number and section of bonds per rail joint 


1047 


0-375 and 0-25 sq. in. copper strand. 
Diabolo. 


Lattice steel bolted down to concrete foundations. 
Two 0-112 sq. in. each. 


ELECTRIC LOCOMOTIVES (see Figs. 11, 12 and 13). 


Contractor .. : 
Sub-contractors for mechanical parts 


Technical particulars— 
Number of locomotive units .. 
Total weight of each unit 
Weight per axle ; 

Weight of mechanical part ; 
Weight of electrical equipment 
Length over coupler heads 
Length between bogie centres 
Fixed wheel-base m 
Overall width .. 

Height over locked down pantographs 
Motor equipment of each unit 
Wheel diameter and gear ratio 
1-hour rating of motor 
Continuous rating of motor 
Forced draught 

Number of blowers 

Method of driving blowers 
Number of motor-generators . 


Voltage, capacity and speed of auxiliary motor-generator 


Capacity and speed of excitation motor-generator . 
Voltage of excitation motor-generator : 
Total weight of main resistance (after modification) 
Weight of active material in main resistances 
Type of main resistance 
Number of steps of control:— 
Resistance notches, series .. 
Running notches, series 
Resistance notches, parallel 
Running notches, parallel .. gi 
Excitation notches, regenerating, series .. 
parallel 
Number of main contactors, pseu line switches :— 
Unit switches ` 
Cam-operated switches, in 4 groups 
Method of operation of main contactors 
Number and type of excitation contactors’. 


e 
4 


Tractive effort per locomotive unit on first notch of 


controller 
Type of fuse for auxiliary circuits 
Auxiliary battery 
Number and capacity of cells 
Method of operating pantographs 
Maximum range of pantographs 
Working range of pantographs 
Number of contact strips per pantograph 


- Normal pressure of each pantograph 


Type and capacity of exhauster 
Type and capacity of compressor 


General arrangement of locomotive .. 


erformance curves of motor, motoring and regenerating T 


Metropolitan-Vickers Electrical Export Co., Ltd. 


Swiss Locomotive and Car Works (60 bodies); Vickers, 
Ltd. (35 bodies). 


First order 78; second order 17. 
66 (long) tons. 
16:5 tons. 

38 tons. 
28 tons. 
43 ít. 8 in. 
21 ft. 8 in. 

9 ft. 3 in. 

9 ft. 24 in. 

13 ft. 
Four 300 h.p. 1 350-V motors. 
48 in.; 17 : 75. 

166 amps., 1 350 V, 5 500-Ib. tractive effort, 21 m.p.h. 
155 amps., 1 350 V. 

1 750 cubic ft. of air per min. through each motor. 
2 

Each coupled to one motor-generator, 

2 

2 700/100 V; 16 kW; 1 180 r. p- m. 

28 kW, 1 120 r.p.m. 

0 to 80 V. 

3 216 1b. 

2 496 Ib. 

Cast-iron grids and welded-iron stripe forfirst two steps. 


11 
2 
11 
2 
13 
16 


21 

24 
Electro-pneumatic. 
7 electric. 

5 000 1b. 


Expulsion type. 

Chloride. 

50; 35 ampere-hours at 10-hour rate. 

Compressed air. 

13 ft. to 21 ft. 

13 ft. to 19 ft. 2 in. 

6 

30 1b. 

Reavell rotary-drum type; 163 cubic ft. of free air per 
min, at 1 550 r.p.m. 

Westinghouse Brake Co.'s reciprocating type; 38 cubic 
ft. of free air per min. 

See Fig. 11. 

See Figs. 12 and 13. 
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DISCUSSION BEFORE THE INSTITUTION, 29TH MARCH, 1928. 


Mr. Roger T. Smith : It is a great advantage to have 
a description of an electrified line overseas, carried out 
by British engineers mostly with British plant, where 
the gradients, the curves, the track gauge, the growth 
of the traffic and the thunderstorms are all exceptional. 
The reasons given in the paper for choosing 3 000 volts 
(d.c.) appear to me to be absolutely conclusive. It is 
rather characteristic of the modern moderate-sized 
power station that the only difficulty causing real concern 
was the circulating water, the arrangements for which 
had to be altered. Success in such a work is really 
an irrigation problem, and irrigation experience is almost 
essential. The South African engineers who designed, 
as I understand, the first work had to call in an irriga- 
tion engineer to advise them when it was not successful. 
The problem of taking large quantities of water from the 
Thames, which is before us in connection with the London 
scheme, is one of very great magnitude, and it is to be 
hoped that we may be saved from making any mistake, 
aS was made in South Africa, due to want of knowledge 
of the difficulties. At the time at which it was decided 
on, substation automatic equipment with remote control 
was a bold decision, but it seems to have been absolutely 
justified. It is fair to say, I think, that in many ways 
the automatic substation has made more difference 
than any other feature in the modification and the 
cheapening of d.c. electric traction. With regard to 


the protection of the locomotive against surges, largely ` 


the result of atmospheric electricity, is an extra-rapid 
circuit breaker provided in the locomotive itself? For 
the protection of the overhead line against thunder- 
storm induction it is stated that the extra-rapid circuit 
breaker in the substation shown in Fig. 7 has been a 
complete success. I presume that it is closed by remote 
control. The two-bogie locomotive unit, with geared 
and nose-suspended motors, is the simplest form for 
moderate speeds and is of especial interest, because 
when main-line electrification is carried out in this 
country there is little doubt that that will be the type 
which will be used for all goods traffic and slow passenger 
trafic. It is a feature of the paper that the troubles 
have been-so frankly stated. The mechanical troubles 
with the track must have been really tiresome when 
they became political. I should like to hear from the 
author whether the decision to give no lateral play to 
the articulation connection between the two bogies is 
still being adhered to, or whether it has been found 
wise to give it some lateral play. That the locomotives 
are satisfactory and well maintained is proved by the 
average mileage of 70 000 during 1926. This is a very 
fine performance for locomotives, and the mileage of 
each locomotive differs very little from the mean. 
The tendency in British d.c. railway motor-building, 
which is borrowed from America, to design armatures 
with few and wide slots, as opposed to many and narrow 
slots, is not the general practice on the Continent. 
The feature above all others which causes trouble in 
locomotive working is commutator trouble—bad com- 
mutation with the consequent tendency to flash-over. 
A d.c. motor armature with many slots is inherently a 


better commutating motor than one with few slots, 
It is quite true that the output per unit weight of motor 
is greater with the wide-slotted motor than with the 
narrow-slotted motor, but the wide-slotted motor must 
have special features in order to make it commutate 
well, I would suggest that the wide-slotted motor 
never can commutate as well as the other type, and 
that the fashion of saving a little money on this feature 
of the motor, which is quite understandable from the 
manufacturers’ competitive point of view, is very 
foolish from the railwaymen’s point of view. If this is 
agreed I suggest that railwaymen should not perpetuate 
a fashion, for manufacturers’ competitive reasons, which 
may result in unnecessary trouble in flash-overs in 
service whenever electric locomotives are working on a 
line with large drops or sudden rises of voltage. 

Mr. C. H. Merz: As I have been to some extent 
connected with the work detailed in the paper I may 
perhaps call attention to one or two general considera- 
tions. First, it has been mentioned that the line is a 
narrow-gauge line, but I think it is also desirable to 
emphasize the fact that, from the point of view of 
rolling-stock gauge, and from the point of view of weight 
and size of rolling stock, the South African railways are 
much greater than the average train and rolling stock 
in this country. The electrification, therefore, must 
not be considered as being in any sense a small elec- 
trification because the gauge is narrow; the traffic is 
heavier and the trains are heavier. All the traffic has 
to be hauled over a single line, the gradients and curves 
are very much more severe, and the average speed is 
certainly.equal to that of average goods traffic, even 
in this country. As stated in the paper, the normal 
goods train weighs some 1500 tons. Trains weighing 
2 000 tons have been hauled with 4 locomotive units 
instead of 3, which is the standard, and the distance 
of 170 odd miles with thát weight of train and with 
that number of locomotives has been covered in 8 hours. 
Coming to the electrical side of the scheme, it will be 
appreciated that the prospect of installing automatic 
substations was not quite so favourable before they 
were put down, when one considers that the distance 
between them is some 15 miles on the average and that 
the country has a very small population, and therefore 
that any attendance required would not be at all easy 
to get hurriedly. The standard of the roads is by 10 
means up to that of English roads, so that motor-c 
traffic between substations is not nearly so simple. 
The only general feature of the scheme to which ! 
think attention might be called is the aim to keep 
everything as simple as possible. Amongst othe 
details might be mentioned the arrangement in th 
power station for starting up; the connection of 
the step-up transformer to the overhead line with the 
minimum of switchgear; the absence of pilot wires for 
protective purposes, and the means taken to ensure 4 
continual supply to each substation from the trans 
mission lines; the overhead contact system for the supply 
of current to the trains; and the small number of wire 
required—only two—as distinct from the very frequent 
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use of four (I am reckoning the contact wires and the 
catenaries together). That simplification has been 
largely attained by the use of copper catenaries. Then 
there is the question of the design of the locomotives 
themselves, the chief merit of which, I think it will be 
agreed, is their very simple nature. It is very easy in 
an electric scheme to introduce complications with 
supposed advantages for which there are many argu- 
ments, but I believe (and I think that the members 
will agree with me) that simplification should be aimed 
at wherever possible. The problem of this electrifica- 
tion was, as regards its economic aspect, approached in 
a logical manner; there was no question of stipulating 
a certain service which had to be repeated with electrical 
working with a certain weight of train or a certain speed. 
The variables were mainly variations of speed, of weight 
of train and of service, and they were all taken advantage 
of in full. I feel that the author would be the first 
to express his obligation to Sir William Hoy, as he has 
already done in general terms, for the way in which he 
was allowed to solve the problem of electrification with 
freedom in these respects. It is the only logical way 
of approaching any and every electrification scheme. 
It is impossible to start with the assumption that steam 
conditions must be reproduced. All that it is necessary 
to do is to stipulate what traffic is to be handled and 
what traffic has to be catered for, and then work out the 
whole question from the point of view of the rolling 
stock, locomotives, weight of trains, service and speed, 
on the basis of the best results which can be obtained 
economically, having in view the saving in train crews 
and all other considerations, One of the biggest savings 
in this case, which is not always applicable, was the 
greater amount of traffic that could be carried over a 
given railway without the great expenses of duplication, 
which in a country with the gradients and the general 
characteristics that exist in South Africa, would have 
been a very formidable matter. The electrification, 
which is now working satisfactorily and which has been 
shown to be economically sound, has been carried out 
not in a country where it could be claimed that there 
was a great saving in the coal bill as a result of using 
imported coal at a high price and the substitution of 
water power, but in a country where coal is obtained 
at the mine at something like 2s. 6d. a ton. This 
shows conclusively, I think, that the general proposition 
that electrification does not pay in a country where 
coal is cheap is unsound. Finally, it may be of interest 
to note that in South Africa it was this electrification 
scheme which really initiated the passing of the Elec- 
tricity Supply Bill which formed the Electricity Supply 
Commission. It was the fact that it was possible to 
point out to the Government that the transmission lines 
which were being run over the country could be used 
for the supply of power for other purposes that first 
persuaded the Government of South Africa that it 
was desirable to deal with the whole power problem. 
I think that members will agree with me that railway 
electrification in this country will probably result from 
the creation of the Central Electricity Board. 

Mr. P. S. Turner: The information contained in 
the Paper, and the way in which it is prepared, make it 
easy in a very short space of time to get a grasp of the 


electrification as a whole, and one cannot but be im- 
pressed both with the magnitude of the undertaking and 
the success which has been achieved. It is undoubtedly 
a very difficult piece of line to electrify, combining, 
as it does, such adverse features as single track, narrow 
gauge, extraordinarily bad curves and grades, and very 
severe climatic conditions, and it is worthy of note 
that the South African Railways Administration 
entrusted this work to a British firm of consulting 
engineers. In my opinion the success of this under- 
taking reflects great credit on the consulting engineers, 
and also on the British electrical industry as a whole, 
for it will be seen from the Appendix that the great 
bulk of the work has been carried out by British firms, 
and I believe I am right in saying that this is the first 
time that they have tackled the many difficult problems 
connected with 3 000-volt d.c. electrification. Figs. 14 
and 15 show at a glance both the improved speed of 
electric operation and the much smaller number of 
train movements required to shift the same tonnage. 
It will be noted that these time-tables have been specially 
selected as representing days on which no abnormal 
occurrences have taken place. I should like. to ask 
the author whether he can give a comparison between 
electric and steam working with regard to tonnage 
hauled over, say, ù month, or some period which would 
give an indication of the effect on the traffic of break- 
downs and failures. I have reason to believe that these 
abnormal occurrences are very much more prevalent 
in the case of steam than electric working. It would 
be interesting to know whether the gross load of 34 000 
tons hauled over the line during the 24 hours of the 
16th August, 1927, could be maintained, assuming that 
the traffic offered itself, without additional capital 
outlay, and approximately what percentage increase 
in the total cost would be needed to move regularly the 
40 000 tons per day mentioned in the General Manager's 
report. Has the author any idea as to the number of 
steam locomotives required to do the work ‘which the 
electric locomotives are doing at the present time? 
It will be noted from Table 5 that the average mileage 
per locomotive unit per annum, including spares and 
units under overhaul, is over 70 000, or rather more than 
that of our suburban motor-coaches. This is equivalent, 
on a 6-day-week basis, to an average speed of approxi- 
mately 10 m.p.h. for the whole of the 24 hours, a remark- 
able achievement for goods working, especially on single 
track, and one which speaks well for the reliability 
of the electric locomotive. It also, I think,. indicates 
very low maintenance costs. There are several points 
in connection with the locomotive design which I think 
have special interest. It will be noted that the standard 
method of operation is to couple three locomotive units 
together, and operate them by a single driver and his 
mate. As each locomotive is a complete. unit in itself, 
this gives what I might call the best utility factor, 
for the very obvious reasons that the motive power 
can be adjusted to the load, and as two or more loco- 
motives are invariably coupled together it gives the 
best safeguard against dislocation of traffic due to any 
individual breakdown—a most important feature on 
single-track lines of considerable length. The particular 
type of locomotive selected is well suited to a service 
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of this kind where the speed is relatively low. I believe 
I am correct in saying that the operation of the traffic 
is unique in so far as multiple-unit operation of loco- 
motives both in motoring and regeneration is a condition 
of regular service, and not merely that of an occasional 
trial journey. It was thought during the development 
stages that some difficulty might be experienced with 
the unequal sharing of the regenerated load, as the 
motor speed characteristic during regeneration approxi- 
mates to a shunt characteristic, and a slight difference 
in the speed characteristics means a considerable 


difference in the currents. The multiple operation, | 


however, appears to have worked extraordinarily well 
in practice, and there is every reason to believe that 
the system of regeneration is entirely satisfactory. It 
is of interest to note that with this system of regenera- 
tion the full braking effort of all the motors on the 
locomotives is obtained. Speaking from personal 
experience, it is curious that the features which give 
the most anxiety during the design and development 
stages rarely give trouble in service, and if any trouble 
occurs it is generally to be found in some unexpected 
quarter. An instance of this is given by the author 
on page 1043, where he refers to the number of fractures 
of weak and faulty drawbars which occurred during 
the early stages of operation. He Has explained that 
these fractures put upon the resistances a load greater 
than that for which they were designed, and although 
the installation of a greater capacity of resistance 
presented some little difficulty it would have been 
a very simple matter to have incorporated this in the 
design had this emergency been foreseen. The traction 
motors, which are wound for 1 600 volts and insulated 
for 3000 volts, have given practically no trouble in 
spite of the limitations imposed on the design by the 
narrow gauge, and the control equipment has operated 
satisfactorily from the start. The most severe service 
condition on the line is the hauling of a 1 430-ton trailing 
load against a 1 in 65 grade. An idea of the severity 
of the service can be obtained by reference to the profile 
in Fig. 2, which shows that this particular ruling grade 
totals 35 miles of the 48 miles between Colenso and the 
summit; the longest continuous stretch of this grade is 
about 18 miles, and the resultant load on the motors is 
approximately the l-hour rating, the speed being 
21 m.p.h. With reference to the distribution system, 
I should like to ask the author whether the substation 
busbars are connected solidly to the overhead line, or 
whether a resistance is introduced for the purpose of 
limiting short-circuit. currents on the line. I should 
also like to ask whether the overhead line is staggered 
in order to distribute the wear evenly on the pantograph 
collector strip, and, if so, what particular stagger is 
satisfactory for a spacing of 210 ft. between structures. 
Lieut.-Col. H. E. O’Brien: This appears to be the 
first complete description that we have had of a main- 
line electrification of considerable length on modern 
lines using 3 000 volts, and in my opinion it warrants 
the closest study of railwaymen. It will, I think, hardly 
fail to convince them of the substantial economies 
that can be effected by electrification. I should also 
like to emphasize the point raised by another speaker, 
that the paper refers to the electrification of a line which 


was not fed by alleged cheap water power but by a normal 
coal-fed power station, and that the price of coal is 
not very different from that prevailing in the North of 
France or the North of England, i.e. about 9s. a ton 
at the power station, which is a fair price for the very 
inferior grade of coal that is being burned. The traffic 
density appears to be about 12 million ton-miles per 
route mile per annum. That traffic density and also 
the traffic density in units per route mile do not appear 
to differ appreciably from those of a double-track main 
line or of a suburban electrification between important 
towns in the more thickly-populated parts of Europe, 
and they are less than such densities on a four-track 
line as exist in a good many places. I think that 
Sir William Hoy and the consulting engineers are greatly 
to be congratulated on the adoption of automatic 
substations. Omitting the substation attendance ought 
to make a difference of between 5 and 10 per cent in 
the cost of locomotive operation. In this particular 
case in which the substations are so difficult of access 
it was a particularly bold decision, but it appears to 
have been abundantly justified. The annual mileage of 
75 000 per locomotive is a very high one. The average 
mileage of steam locomotives in this country is about 
23 000 to 24 000 per annum; it would be very interesting 
to know what was the average mileage per steam locomo- 
tive on this South African railway before electrification. 
At the same time 1 should not be surprised if the mileage 
per annum per locomotive eventually became even 
higher and approached 100 000. This figure does not 
seem impossible with shorter lay-overs. The author 
gives the figures for the mileage in 1926. By now 
some of these locomotives must have run about 250 000 
miles. That is a mileage at which a steam locomotive 
would require a new boiler and possibly other new 
parts; it would be interesting to know whether any 
general repair of the electric locomotives has been 
required. It seems to me that the conditions are 
somewhat unfavourable in regard to the weight of the 
locomotives. The three units, totalling 3600 hp. 
weigh 198 tons. There are 4000-h.p. locomotives 
running on the Paris-Orléans Railway which weigh 
110 or 120 tons. The excessive weight appears to have 
been forced on the designers by the limitations of the 
narrow gauge. It would appear preferable to make 
the locomotive with a central corridor, as it gives 
the driver a better view when sitting back on the train. 
As a considerable mileage has now been run, is any 
information available or likely to be available about 
the wear on the contact wire? With regard to the 
armatures, I venture to disagree with Mr. Roger Smith 
not on the point of the design of the slots but on the 
question of the commutators being the principal source 
of expense in connection with repairs. That is not 
my experience. My experience is that armature-coil 
breakdowns are the principal source of trouble, and I 
believe that these breakdowns are almost entirely due to 
the insufficiency of the binding wire. In such traction 
motors as I have seen in which the construction closely 
resembled that of a wire-wound gun, the armature 
appeared to be almost entirely free from those breakdowns 
which have given a great deal of trouble in some cases. 
Can the author say why a locomotive design was adopted 


E O A ae 


HA a. A Ye ë n M eo 


- ~A wT. 


SECTION OF THE SOUTH AFRICAN RAILWAYS: DISCUSSION. 


1061 


in which the pull is taken through the bogie and not 
through the main frame of the locomotive? With 
regard to the point raised by Mr. Turner as to the maxi- 
mum rise of temperature permissible on the motor, I 
should like to know whether that has been exceeded 
in any case and whether any method has been adopted 
to control it. Have any experiments been made in 
the way of attempting to insert a thermo-couple in 
any part of the motor and letting that give an indication 
to the driver of the locomotive when the locomotive 
has reached the limit of its thermal capacity? 
Lieut.-Col. F. A. Cortez Leigh: There are two 
other electrifications which appear to me to be some- 
what similar to the line discussed in the paper, namely, 
the Chicago, Milwaukee and St. Paul, in America, and 
the Benevento-Foggia, in Southern Italy. The paper 
covers a considerable amount of ground and is completed 
by an Appendix which will form a useful reference; 
but there are several points upon which further informa- 
tion would be appreciated. The earliest date mentioned 
in connection with electric working is the 25th November, 
1925 (Table 5), but the time taken to install the system 
is not given. Convincing arguments are given for the 
adoption of a transmission voltage of 88 000 volts, and 
3000 volts (d.c.) for traction. The development of 
the latter voltage in recent years indicates that it is 
gradually becoming a standard. Dealing with the 
power station, the 4-hourly output of the generators 
is estimated as 33 000 kW (page 1025), but no appor- 
tionment of the traction and industrial loads is given. It 
appears from Table 3 that the maximum }4-hourly 
demand corresponding to a traffic 8 per cent in excess 
of that estimated was 25 600 kW. This could apparently 
be carried on two sets, although it was anticipated that 
three could normally be running. Does this mean that 
the third set is for the industrial load? It is not 
stated whether the boiler feed-pumps are of the 
reciprocating or rotary type. Without a pipe diagram 


- it is not clear how the 6-in. circulating-water pump is 


utilized, as the original plan presumably was for one 
pump per set. In view of the prominence given to 
the circulating-water system it would be interesting 
to know how far down stream the discharge pipe is 
situated and what is the inlet-water temperature at 
the condenser during the summer, Referring to the 
transmission lines, these are continuous except for the 
section links at the power station and the oil switches 
at New Leigh, the substation feeders being teed off. 
The author’s opinion of the adoption of this lay-out 
rather than a loop system, especially in view of the 
frequency of severe storms, would be instructive. The 
substations and their spacing are perhaps the most 
interesting feature of the scheme. The spacing on the 
Chicago, Milwaukee and St. Paul line is 34 miles and 
on the Benevento-Foggia 31, as compared with an 
average of 15 in this instance or 24 if the single-unit 
stations are omitted, the reason for the close spacing 
being stated to be the excessive drop when two heavy 
trains start simultaneously. The weight of the trains, 
however, is 1500 tons compared with 3000 tons on 
the Chicago, Milwaukee and: St. Paul line. From the 
graphic time-tables in Figs. 14 and 15, which give 
approximately one train per hour in each direction 


over single line, one would have thought that the few 
seconds necessary to avoid a simultaneous start could 
have been avoided. It is stated that the substations 
are in operation during 90 per cent of the total traffic 
hours, and that the shutting down of a substation would 
slow down the whole system. In this connection it 
would be interesting to know why single units were 
installed in some of the substations. Information as 
to the number and nature of the spares carried, 
their location on the line and means for their ready 
transit to the site of trouble would be useful. The 
type of machine is a well-tried one, but.it is not stated 
whether rectifiers were considered. Regarding the over- 
head equipment, which is a single catenary construction 
with feeders to increase the section, it would be helpful 
to know whether compound or double catenary were 
not considered, as a longer section would be available 
on either of these, and the former is more readily aligned 
to a tortuous track. The locomotives are of a conserva- 
tive and well-tried design and considerable difficulties 
must have been encountered owing to the narrow 
gauge of 3 ft. 6 in. The clearance between the under- 
side of the motors and level of running rails, with 
conditions of maximum wear, is not given and the 
standard adopted would be of interest. Communication 
and control appear to be achieved with a minimum 
of staff, but no “ breakdown ” organization is mentioned, 
though presumably there are men available at different 
points who could proceed at short notice and who 
possibly patrol a group of substations. In regard to 
the operation of the line, the author does not separate 
the calorific values of the fuels, and in view of the 
heavy freight costs compared with the pit-head price 
of fuel it would have been expected that greater 
economy would result with the use of the better-class 
fuel only. A large number of transmission failures are 
attributed to birds. While this is easily understood 
with low-tension systems and pin-type insulators it 
is not clear how this occurs with a line suspended on 
6 insulators. It would be of considerable interest to 
know how long it was necessary to man the automatic 
substations before leaving them to fully automatic 
working. It is noted that high-speed circuit breakers 
have proved better than ordinary arresters. It is to 
be regretted that typical run curves were not included 
in the paper, as there are few of these available for such 
a line and the regenerative effect would have been an 
interesting feature. Particulars of .the numbers of 
locomotives in service, as spare and in shops are not 
given, nor is a comparison made between the number 
required under steam and electric working respectively. 
As arguments concerning main-line electrification fre- 
quently centre round these points some further informa- 
tion on them would be welcome. No costs have been 
given, but perhaps the author is not at liberty to divulge 
these. 

Mr. W. M. Mordey: Under the heading “^ Choice of 
System ” the author summarizes in eight shart para- 
graphs, (a) to (h), the reasons for the adoption of the 
3 000-volt d.c. system. Without suggesting that the 
choice was not wise, 1 may perhaps be allowed to ask 
the author whether he could not remove a certain 
element of doubt that is noticeable in some of those 
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paragraphs, which refer to conditions as they existed at 
the time the choice was made. It would be of interest 
to know whether those conditions have changed since 
then. For example, in paragraphs (c), (d) and (f), the 
use of the words “at that time ” naturally raises the 
question whether the objections mentioned would 
apply at the present time. 

Mr. H. Brazil: There is a tendency nowadays for 
authors to describe the final stage after all the troubles 
have been remedied, without giving details of the troubles 
themselves, but this remark does not apply to the 
present author. I wish to say a few words on the 
high-speed circuit breaker, the advent of which, in 
electric traction, should be marked as a red-letter day. 
A circuit breaker which will open the circuit in a time 
less than that required for a commutator segment to 
pass from one brush arm to the next, and thus prevent 
a flash-over, is a very valuable piece of apparatus. 
This high-speed circuit breaker has a horseshoe-shaped 
magnetic circuit and is held in the closed position 
against the pressure of a powerful spring, by a holding 
coil excited from the line pressure. In the gap of the 
horseshoe a bucking bar is assembled, and this bar 
carries the main current or a portion thereof. The 
magnetic flux produced by the bucking bar will, on 
heavy overloads, so deflect the flux of the holding coil 
that the heavy springs attached to the armature are 
able to pull it to the open position, and the circuit 
breaker will interrupt the current. I should like to 
ask the author whether if a heavy short-circuit comes 
on, and the pressure drops to a very low value, he has 
any trouble with the high-speed circuit breakers on 
other sections coming out at the same time as the breaker 
in the faulty section, due to the holding-on coil losing 
its magnetism. I witnessed a test on a B.T.H. high- 
speed circuit breaker, in which the’ holding-on coil was 
short-circuited to imitate a fall of pressure, and the 
breaker held on for 1 second. The question arises as 
to whether this 1 second is sufficient to prevent any 
breaker, except the one in the faulty section, from 
coming out. The author states that some definite 
scheme of protection was necessary to prevent the 
breakdown of the overhead line insulators during the 
frequent lightning storms. Apparently the high-speed 
breaker was the solution of this difficulty, but were 
the lightning arresters installed of any use, and are 
they still in circuit? 

Mr. W. W. E. French (communicated) : Mr. Roger 
Smith has mentioned the design of traction motors, and 
I cannot say that I am in agreement with his statements 
regarding the unfavourable influence on the commuta- 
tion of the motors of coarse slots as compared with 


narrow slots. It appears to me that the conditions 
for good commutation, viz.: the sparking at the brushes, 
have been confused with those governing the sparking 
between brushes of opposite polarity, that is, with the 
conditions obtaining at flash-over. Regarding com- 
mutation only from the point of view of slot shape, a 
wide and shallow slot favours good commutation, 
because the reluctance in the path of the self-induced 
flux of the armature core in the commutation zone is 
much higher than that of a narrow and deep slot. 
The extreme case in this respect is the smooth core 
armature, which possesses maximum reluctance, and 
is therefore most suitable for good commutation. It 
was discarded on account of its unsuitable mechanical 
and manufacturing properties. The flash-over of a 
machine depends on the average voltage per bar and 
the maximum voltage per bar, which together constitute 
the critical permissible voltage. The critical voltage 
per bar is attained when it reaches that value at which 
it can maintain an arc across the mica segment of the 
commutator. A low average voltage per bar will still 
prevent a flash-over, even if conditions for good com- 
mutation do not prevail. The usual method of stating 
the average voltage per bar assumes a rectangular 
shape of the field and is adopted for easy comparisons; 
but, owing to field distortion due to armature reaction, 
and to some extent due to faulty field designs, the 
maximum voltage per bar may become very high, and 
thus the critical voltage may be raised beyond a satis- 
factory working limit. Apart from increasing the 
number of commutator segments per pole, the limits 
of the permissible critical voltage can be raised by 
employing a compensating field system by which the 
distortion due to armature reaction and pronounced 
maxima in the voltage per bar are eliminated. 
Unfortunately, this remedy is difficult of application 
in traction motors owing to the limited space in these 
machines. It is quite possible to introduce as many 
commutator bars in a wide-slot as in a narrow-slot 
armature. Coarse-tooth armatures introduce heavy 
flux pulsations in the pole-tips and thus ‘produce large 
eddy-current losses in the poles. This trouble is over- 
come by the use of laminated poles. An advantage of 
the coarse-tooth armature is its relatively high slot 
activity, which gives the designer greater latitude in 
the use of slot insulation, to strengthen it against the 
heavy mechanical vibration and shocks experienced in 
traction work and so to improve its reliability of opera: 
tion. 


(The author’s reply to this discussion will be found on 
page 1057.) 


SOUTH MIDLAND CENTRE, AT BIRMINGHAM, 28TH MARcH, 1928. 


Dr. M.'L. Kahn: So far only very few comparative 
data have been published in this country based on 
actual running experience, showing the advantages 
which can be gained by railway electrification, and the 
author would earn the thanks of a large number of 
engineers interested in the subject if he could give some 
further information of comparative running costs in 


case such data have come to hand since the paper was 
written, It would be particularly interesting to see a 
comparison of costs per ton-mile. In addition, statistics 
of the total number of hours the electric locomotives 
have been in service per year, compared with steam 
locomotives, and of costs of repair and maintenance, 
would be very useful. I believe that the proof of the 
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superiority of electric traction over steam traction, 
which the figures would clearly establish, would do 
much to give an incentive to the introduction of electric 
traction on similar lines in this country. Under the 
heading “Locomotives” the author mentions the 
trouble experienced with 3000-volt d.c. motors of 
motor-generators supplying current for auxiliary control 
purposes. This is not to be wondered at, as it is very 
difficult to build 3 000-volt d.c. machines for the com- 
paratively small output required for this purpose. 
It bas, however, been possible to analyse the cause of 
the trouble under three headings and to eliminate the 
difficulties. As this question is bound to arise in similar 
cases where converting sets have to be worked with 
high d.c. voltages, it would be of general interest if the 
author would give some further information as to 
the steps which were taken to overcome the troubles 
enumerated. 

Mr. R. H. Rawll: In Fig. 7, showing the lay-out 
of the substations, the neutral point of the star-connected 
primary of each 88 000-volt step-down transformer is 
shown. capable of being earthed by-means of an isolating 
switch. Since the earth lead appears to pass through 
current transformers, I should like to inquire whether 
the latter are installed to operate the protective devices 
of the transmission line. Also, it would be interesting 
to know how many of these neutral points are earthed 
simultaneously under operating conditions. In this 
country, of course, the multiple earthing of extra-high- 
pressure systems is officially prohibited, in order to 
avoid the continual flow of leakage harmonic currents 
through the earth, which might cause telephone inter- 
ference. Such interference, however, is hardly likely 
to be encountered in this case, on account of the com- 
paratively undeveloped country through which the 
railway runs. Since the locomotive brakes are designed 
for operation by compressed air, and as all the rolling 
stock on the South African railways is fitted with those 
of the vacuum type, this difficulty has been overcome 
by causing both train and locomotive brakes to be 
operated by the driver in a single movement. Now 
it is essential when pulling-up a train to release all the 
brakes a moment or so before it comes to a standstill, 
otherwise a considerable jolt will be felt. Has any 
trouble been experienced due to the release of one 
braking system lagging behind that of the other? If 
not, it is certainly a tribute to the arrangements which 
permit this dual operation. With regard to regenerative 
braking, I should be interested to know whether, when 
the electrified line was first put into operation and the 
number of trains hauled electrically was few, cases 
have ever occurred of there being insufficient load on 


the system to absorb the energy which a train running 


down a bank was putting back into the line. In such 
circumstances the braking effect would be practically 
nil. 1 have heard rumours of such cases in different 
parts of the world, but never of an authentic nature. 

‘Mr. W. A. Barnett : Can the author tell us what are 
the total losses over the whole system, from the 
generators to the motors, as compared with those in 
other systems? 

Mr. E. H. Croft: The electrification scheme is some- 


what similar to that of the Virginian Railway. In the : 
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case of the Virginian Railway the maximum grade is 
rather less than in the case of the South African Railways, 
but in the former the coal has to be lifted through a 
greater distance before the final run-down towards 
the sea. In the Virginian Railway, some 50 per cent 
or more greater capacity was obtained than in the 
South African Railways, but it should be realized that 
the South African Railways have a narrower gauge. 
The Viginian Railway has been mentioned because it 
operates with split-phase locomotives, the characteristic 
of which gives simple regeneration and maintains a 
relatively constant speed. Such a system would appear 
excellent for maintaining the difficult time-table shown 
in Fig. 15. This scheme of regeneration was in service 
in 1915 on the Norfolk and Western Railway. In 
giving the reasons for the choice of 3000 volts (d.c.) 
the author indicates that it was chosen partly with a 
view to supplying 3-phase 50-period power lines for 
industrial development. Probably nowhere in the 
world is the development of electric power progressing 
at a greater rate than in Switzerland or Germany, 
and in both these countries, as well as in Austria and 
Sweden, the sirigle-phase railway electrification system 
is standardized. It would be interesting to learn from 
the author how the development of the industrial load 
along the railways is tackled in these countries, and how 
they justify entire duplication of supply and trans- 
mission lines, which is indirectly implied by the author. 
I notice that the substations are very close together; 
this is a decided advantage and I shall refer to it later 
in connection with the protection of the locomotives. 
It should be pointed out that on a number of single- 
phase systems the substations have been as close as 
20 miles. It is interesting to note that gas-welded 
bonds are now being used. The design of the loco- 
motives must have presented a great difficulty, as the 
side-rod drive had not been developed to a really 
satisfactory stage at the time when these locomo- 
tives were built. Furthermore, the adhesion required 
created great difficulties in providing suitable leading 
trucks. The design seems to have the disadvantage 
of a large unsprung weight and low centre of gravity, 
resulting, one would imagine, in heavy side-stresses 
on the rails. The design gives individual drive to 
each pair of wheels and, in my opinion, coupled wheels 
have certain advantages for heavy freight locomotives, 
as the danger of slipping is not so great. Have any 
difficulties been experienced due to slipping, and have 
such troubles been experienced during regeneration 
when it would appear that there was a possibility of 
one pair of wheels skidding without the driver neces- 
sarily being aware of it? If the mechanics of a locomo- 
tive be considered, it will be found that the articulated 
joint is by no means ideal. The object of the articulated 
joint is to limit all movement in the direction of the 
draw-bar pull, but the articulated joint used on the 
South African locomotives limits all movement trans- 
versely. The inertia of the bogies about the king pin 
should be kept as low as possible, and it would appear 
that the introduction of this type of articulated joint 
has the effect of doubling the inertia of the one bogie 
by virtue of the fact that whenever the one moves the 
second must also move. One would anticipate, there- 
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fore, that the blows on the rails would be of twice the 
intensity. I should be glad to know whether any 
experiments have been carried out in South Africa 
with an articulated joint giving free transverse move- 
ment. The locomotives were originally provided with 
a double horn-gap lightning arrester, the first gap 
giving a path to earth through a resistance, and the 
second gap short-circuiting—so to speak—the resistance. 
Is this still in use? The success of the lightning pro- 
tection seems to be due to the high-speed circuit breakers 
at the substations, as these are capable of cutting off 
the supply of current before the power arc following a 
discharge has had time to do any serious damage. 
Does the author consider that a horn-gap arrester is 
adequate when high-speed circuit breakers are not 
installed at the substation? Furthermore, if the sub- 
stations were 30 miles apart, and the setting of the 
high-speed circuit breakers was consequently very 
much higher, would the following arc be extinguished 
as successfully under these conditions as when the 
substations were of smaller capacity and closer together ? 
Whatever protection is provided on a locomotive, 
it is always possible that a fault may occur on that 
locomotive which must be cleared by the substation, 
and the efficiency of clearing such a fault will depend 
on the ratio of tripping current of the substation 
breakers to the short-circuit current. With the auto- 
matic substations, allowing the use of small substations 
distributed every 15 miles along the track, the ratio 
of tripping current to short-circuit current is smaller 
than would be the case if the substations had ‘been 
30 miles apart. It is therefore much more easy to 
reflect a serious fault back from the locomotive to the 
substation breakers. It is well known that on 600-volt 
schemes faults will rarely bring out the substation 
breakers. Does the author consider that the same 
degree of protection would have been obtained on the 
South African Railways had the substations been 30 
miles apart, or liad 1 500 volts been used and the sub- 
stations kept at 15 miles apart? The starting resistances 
of the locomotives are mounted in the same h.t. chamber 
as the other control gear. Has the liberation of so 
much heat caused any trouble, and does the author 
consider it to be an advantage to provide a separate 
chamber for the resistances? Where a complete electri- 
fication is undertaken, a great deal of valuable informa- 
tion has to be obtained in connection with train resis- 
tances. I am sorry to find that no such information 
is given in the paper, and I should be glad if the author 
would give as much information as possible on this 
point in his reply. 

Dr. R. G. Jakeman : With regard to the telephone 
interference from the 3000-volt overhead wires, I 
should like to ask the author whether he has any data 
giving the frequency and amplitude of the ripples 
caused by the armature slots. I take it that the posi- 
tions of the slots on the two armatures of the motor- 
generators are staggered in order to reduce the ripples 
to a minimum, and that the telephone lines are carefully 
transposed. Since a short-circuit causes a severe aural 
shock at the power station, one would suppose that the 
disturbances caused by the starting of trains would at 
times make the reception of speech very difficult. 


Mr. F. P. Whitaker: As there seems to be some 
misunderstanding concerning the trouble experienced 
due to flashing on the motor-generators, and as I was 
responsible for the design of the substation motor- 
generator sets, I should like to say that the troubles 
mentioned in the paper do not refer to the motor- 


‘generator sets in the substations supplying energy to 


the trolley at 3000 volts. The substation motor- 
generator sets have, since their installation, given 
uniformly good service and have been remarkably 
free from flash-over. In one case a set was subjected 
to 60 dead short-circuits and was ready for service 
after this ordeal. Answering another point raised in 
the discussion, no telephonic disturbance has been 
caused by the ripple in the d.c. voltage. This is of 
very small dimensions, viz. less than + $ per cent of the 
d.c. voltage. The two armatures are staggered as 
suggested by Dr. Jakeman, so that the smallest possible 
ripple is obtained. The d.c. voltage on these motor- 
generator sets is maintained constant up to large over- 
loads by means of a potential coil on a relay. Ifa 
predetermined overload is exceeded, then the current 
control reduces the d.c. voltage with increased overload. 
The torque motor referred to is an interesting develop- 
ment. In order to obtain overloads of 3 to 34 times 
full load on the synchronous motor, the field of the 
synchronous motor is supplied from an exciter controlled 
by shunt and series coils. The series coils are in the 
main circuit, so that the excitation increases with load. 
If the excitation of the synchronous motor is set to 
give satisfactory power-factor conditions on no load 
and 3} times full load, it will be found that from load 
to 14 times full load the power factor will be rather 
heavily leading. Such a condition is all to the good 
if the supply to the motor-generators is taken from a 
system supplying a general power and lighting load, 
as the leading current will help to balance the lagging 
current generally existing on such systems. On this 
particular electrification the substations were to be 
supplied from a generating station with little or no 
other load. It was found that under such conditions 
this characteristic of the motor-generator sets was 
undesirable as it would cause instability of the voltage 
of the a.c. generators. The torque motor was installed 
so to control the synchronous motor-exciter in addition 
to the series excitation that the power factor on the 
generating station was maintained at unity or slightly 
leading under all conditions of loading of the substation 
motor-generator sets, and such equipment has proved 
itself to be thoroughly satisfactory in service. 

Major A. M. Taylor: I am very interested to see 
that a distribution voltage of 3 000 volts (d.c.) had been 
decided upon. When, some four years ago, I strongly 
advocated 3 000 volts as a basis for main-line electrifica- 
tion in England, I quite realized the difficulties that it 
involved both with the motors on the locomotives, and 
with the motor-generators or rotary convertors at the 
substations, and I assumed that one reason why so 
obvious an advantage in distribution was not recom- 
mended in the proposals for British railways was the 
difficulty of the motors and the rotary convertors. 
Having, however, heard from Mr. Whitaker in the 
discussion that the difficulty was not in the motor- 
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generators (in Natal), but that these behaved perfectly 
under the trying circumstances, I should be very 
interested to know whether any difficulties have been 
encountered with the motors themselves due to the 
high voltage for which they had to be wound. On 
the question of the troubles with lightning, it would 
appear from the paper that there has not been so much 
trouble with the e.h.t. transmission lines as with the 
1.t. feeders and contact wires. The author states that 
the lightning discharges traversed the latter and found 
their way into the substations and so to earth, followed 
by the arc from the motor-generators, which was broken 
by -the high-speed trip-free circuit breakers. I am of 


the opinion that if the earth wire that was run close 
to the 3 000-volt feeders at the sides of the track had, 
instead, been suspended over the catenary wire, the 
excessive induced currents in the contact wire supply- 
ing the locomotives would have been greatly reduced. 
Has this been tried? I note that the transmission 
lines are operated at 88 000 volts and that two lines of 
towers are employed. I should be interested to know 
what was the total cost per mile of the line in terms 
of the kW transmitted, taking the load at the maximum 
for which the lines were devised. 


[The author’s reply to this discussion will be found on 
page 1057.] 


NORTH-EASTERN CENTRE, AT NEWCASTLE, 23RD APRIL, 1928. 


Dr. W. M. Thornton : Only those who have personal 
knowledge of the Dominions can appreciate what such 
an engineering scheme as that described in the paper 
means to us. It is of the greatest value as an example 
of what could be done here. Main-line traction at 
3 000 volts in a district in which lightning discharges 
are continually occurring is a forecast of what we can 
face in this country when surges on the “ grid ” are in 
full play, and it is on continuity of working that the 
success of any such scheme depends. On no line in 
this country do the heights reached or the succession 
of gradients approach those of this track, or are loco- 
motives of 3600 h.p. required. The conditions are 
more like those of Switzerland or America, where such 
locomotives, voltages and gradients are common. The 
traction part of the scheme is the author’s own and he 
is to be congratulated on its smooth and efficient working. 
I have not been over this line but I believe I am right 
in saying that here, as on the Chicago, Milwaukee and 
St. Paul lines through the Rockies, there are fewer 
troubles now than when they were steam-operated. 
The civil engineering difficulties referred to are common 
to the initial stages of all such big schemes. In hydro- 
electric plants it is ice that gives the trouble. The 
operating economies by regeneration are remarkable; 
a saving of 22} million units on goods trains alone is 
well worth having. The losses in braking in moun- 
tainous districts are enormous. I was once crossing 
from San Francisco by the Santa Fé Railway to Denver 
and in running down the long grades from Flagstaff 
to the plains I was awakened by a strong smell of 
burning wood, and on investigating I found that every 
brake block on the train was on fire. Water could not 
be used to quench them as the train staff believed that 
it would crack the wheels. They said that the fires 
would die out as soon as the down gradient was passed. 
The use of high-speed breakers on d.c. systems seems 
to have been well justified on line-to-earth flash-overs. 
Apparently they are reset from the signal cabins. On 


page 1042 reference is made to corrosion of ferro-concrete , 


by leakage currents from the track. The one way to 
stop this is to prevent the holding-down bolts or 
running track having access to the ground, by using 
shorter bolts or thicker sleepers, or not boring the 
holes right through, or plugging or covering them from 
below. A most valuable part of the paper is the 


description of the troubles experienced and how they 
were overcome. When one learns that on a single day 
13 locomotives were put out of action by lightning 
surges finding their way into the regenerative motor- 
generators, and that most of the troubles were overcome 
by connecting the compounding turns on the high- 
tension side rather than the earth side of the machines, 
one may appreciate the difficulties and remedies men- 
tioned in the paper. 

Mr. R. W. Gregory: Papers on railway electrifica- 
tion read before electrical engineers are very apt to 
provoke discussions on the relative merits of the a.c. 
and d.c. systems. While such discussions are both 
useful and interesting to electrical engineers, they do 
tend to give the impression among those interested in 
railway management and finance that the problem of 
railway electrification is not yet solved, and so hinder 
the development of main-line electrification schemes. 
The facts as’ they stand at present appear to be that 
electrification, whether by a.c. or d.c. methods, makes 
it possible to get considerably more service from a given 
railway system. The author points out that, on the 
railway he describes, electrification has resulted in the 
handling of 50 per cent more traffic than was handled 
by steam, in 60 per cent of the time and at a great 
saving in operating cost. No doubt these figures will 
improve as operating experience is obtained. The 
figures are for a d.c. railway and if, as some engineers 
contend, alternating current would have been a better 
system there is all the more argument for main-line 
electrification. In the paper there are several engi- 
neering points which interest me. The simplicity of the 
h.t. transmission scheme results in a considerable saving 
in h.t. switchgear and in complicated protective gear. 
I understand that the service from the h.t. lines to the 
substations has been reliable. The use of station- 
master control instead of supervisory or pure automatic 
control of the substations is interesting. It certainly 
results in the saving of a considerable amount of capital 
and appears to provide many of the advantages of 
manual control without the cost of providing attendants. 
The experiences with lightning on the track equipment 
show that the best protection against serious trouble 
from lightning is the high-speed breaker. This confirms 
the general experience of the supply engineer that the 
sooner a fault is cut off the better, both for the faulty 
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plant and the service from the system. High-speed 
breakers were first developed to prevent the convertor 
plant from flashing over on short-circuit. In practice 
they have become more useful in preventing the track 
equipment from being permanently damaged by faults. 
As a result of this experience it has become the practice 
on traction work to equip all track feeders with high- 
speed breakers, using lower-speed breakers on the 
machines themselves. Short-circuits occur mainly out- 
side the substation, and the feeder high-speed breakers 
which operate on such short-circuits protect both the 
track equipment and the machines; at the same time 
supply is maintained on the substation busbar and the 
healthy feeder circuits. | 

Mr. H. W. Green: The graphic time-tables in 
Figs. 14 and 15 show very clearly the very great 
improvement obtained by electrification. It is very 
interesting to learn that 1 500-ton trains are now hauled 
over the full length of the line in 6} hours less time 
than under steam operation, when the loads were very 
much less, and it is quite obvious that the great 
improvement must have very considerably reduced the 
working costs and considerably increased the capacity 
of the line. To realize what a great achievement this 
is, one should refer to Fig. 2, which shows the very 
severe conditions which obtain. On the line under 
review it would appear that the traffic is increasing. 
This cannot, of course, all be attributed to the electrifi- 
cation, as it is quite evident from the author’s remarks 
at the beginning of the paper that there was an increase 
before steam operation was suspended. Is there any 
evidence to show that electrification has brought more 
trafic? I presume that the line was electrified with 
the object of more efficiently working a railway which 
was evidently becoming more and more congested, and 
this object has certainly been attained. Has it been 
possible to decrease charges as a result of the more 
efficient working? Can the author give any financial 
results with electrification as compared with steam 
operation? Although the paper is intended to be a 
description of what has actually been done and the 
difficulties that had to be surmounted, would it not be 
possible to give more information as to the results 
obtained? As pointed out in the paper, the saving in 
train crews alone must be considerable, but I should 
like to have some idea of what this has actually been. 
One can see from the figures quoted that more trains 
were required under steam operation, but what number 
of steam locomotives were required, and how many are 
required to deal with the traffic now electrically operated ? 
Further, what number of steam locomotives were 
replaced by the original 78 electric locomotives? It is 
perhaps somewhat early to obtain a comparison for 
repairs of the locomotives, but some idea of the running 
expenses, which of course include locomotive depot 
charges, would be interesting. When considering the 
Savings in general expenses there are quite a number 
of items to study. Train crews are mentioned specifi- 
cally, but in addition to this there must also be big 
savings at the locomotive depots; steam raisers, boiler 
washers, gland packers, tube cleaners, coalmen, ash 
fillers, boiler makers, etc., will have been dispensed with, 
and the staff will probably consist of a few. fitters, 


electricians, cleaners and labourers. There will also 
have been considerable saving in the marshalling yards, 
due to the trains not having to be disturbed after being 
made up for the through journey. In considering the 
scheme as a whole, one must not overlook the fact 
that if electrification had not been undertaken heavy 
expenditure would have been entailed in other direc- 
tions to enable the line to deal with the increasing 
trafic. Owing to the reduction in time now occupied 
on the whole journey it will be possible to use the 
wagons to much better advantage than when steam 
was employed, and consequently the number of wagons 
required will be reduced. What were the alternatives 
to electrification and what would they have cost as 
compared with electrification? No mention is made in 
the paper with regard to shunting in the yards. Have 
electric locomotives been adopted for this purpose, and, 
if not, does the author not think that it would be 
advantageous to do so? One can readily appreciate 
that this electrification has not only benefited the 
railway but must also be a great boon to the whole 
area covered, as electricity is now available for all 
purposes. In this country, when the “grid” is in 
operation, supplies will be available for the railways, 
and all electrical engineers are no doubt hoping that 
the railways will take full advantage of such supplies. 
Mr. G. H. Bowden: I note that the transmission 
lines are provided with two earth wires; the horizontal 
spacing of the wires practically demands this in the 
country where the lines are erected. Vertical spacing 
may have permitted some economy here. Perhaps the 
author would give his opinion of the value of earth 
wires and his experience with them. How have the 
oxide film (I assume that the dischargers are of this 
type) arresters behaved since their installation? An 
account of their operation should give a clear conception 
of conditions prevailing in the neighbourhood of the 
line. The author’s comments on the subject of steel- 
cored aluminium wire are particularly interesting, when 
the use of this material on important new schemes at 
home is borne in mind. I can well appreciate the 
difficulties of the power-station operation staff, and 
I join with other speakers in commending them on 
showing a respectable coal figure. The difficulties of 
meeting a demand of this nature are great when only 
chain-grate stokers are employed. Those familiar with 
power station working are well aware of the vicious 
circle operating here. Excessive demand reduces steam 
pressure, turbine overload valves open, efficiency falls, 
and the boiler house engineers force their boilers to the 
limit when further ‘increase in grate speed would mean 
failure by the arches to ignite the green coal coming 
under the fire doors. I think that in such a station an 
extensive system of signalling and load indicating, so as 
to co-ordinate the operation of each plant section, is 
well worth installing. I am surprised to find that 
pulverized-fuel firing has not been adopted here, con- 
sidering how well such a method allows sudden demands 
to be met. I am not in favour of complicating our 
power stations with steam storage plant, as I think that 
considerations of cost make the saving’ problematical in 
the majority of possible applications. In the case in 
question, which is a special one, the application of 
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Ruth’s accumulators is worthy of more than a passing 
thought. In view of the author’s mention of the 
interesting point, “ Starting of auxiliaries in an emer- 
gency,” I should like to have further details. The 
author is very honest in revealing that the difficulties 
with excessive demand are not always successfully met, 
and that the supply to sections has sometimes to be 
cut off. I should imagine that the latter course is very 
undesirable where regenerative braking is employed and 
that, unless a schedule routine has been established, it 
is likely to encourage a further peak demand. With 
long railway sections, am I correct in assuming that 
co-operation between electrical staff and line staff 
cannot serve to avoid excessive power demands? Is 
the frequency of these emergencies such that elaborate 
precautions are not called for? Similar difficulties have, 
I believe, been experienced in America, where, I gather, 
a system of load limiting has been devised. Seeing 
that the author has been so open in revealing operation 
difficulties, it may be unfair for me to conclude that 
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3-phase supply conditions are not what we are expected 


- to provide for consumers in this country. This point 


seems to be important, as supply to outside consumers 
is a secondary object of the electrification; also, in other 
schemes where general and railway supplies are con- 
sidered, the characteristics of the railway demand must 
be kept in mind. I imagine that outside consumers 
must suffer severe voltage fluctuations and wide fre- 
quency variations which would (even if within our 
statutory limits) not be tolerated by consumers in this 
country. Voltage fluctuations can be more or less 
satisfactorily corrected, but wide frequency variations 
which cannot be dealt with are troublesome. Informa- 
tion on this subject would enable the characteristics of 
a railway load to be clearly realized. I note that motor- 
generators have been chosen, and I should like to 
inquire the main reasons for this choice. Is it a.c. 
voltage control by power-factor regulation, wide d.c. 
voltage regulation, regenerative braking of trains, or 
the frequency of supply? 


THE AUTHOR’S REPLY TO THE DISCUSSIONS AT LONDON, BIRMINGHAM AND NEWCASTLE. 


Mr. F. Lydall (in reply): Since the paper was 
submitted in final form to the Institution, certain addi- 
tional information in regard to the first cost and the 
working of the electrified system in Natal has come to 
hand and, as it is chiefly of a later date than the infor- 
mation given in the paper, it may be of interest to 
reproduce.it here. 

First cost and working expenses.—The total cost of 
the electrification, together with all incidental expendi- 
ture such as station alterations, sorting yards, extra 
sidings, etc., is stated to be £5 535 544. 

As mentioned in the paper, a considerable portion of 
the complete electrification scheme has been transferred 
to the Electricity Supply Commission, this portion 
including the power station, the transmission system 
and all the substations up to and including the high-speed 
circuit. breakers to which the various sections of the 
overhead line are connected. The cost of the transferred 
portion was £3 134 244. 

As already stated, the power station at Colenso is 
used for supplying power not only to the Railway 
Administration but also to consumers for general pur- 
poses throughout the area served by the transmission 
lines. During the year 1927 the external supplies were 
only a small proportion of the total, but it is anticipated 
that this proportion will be considerably increased in 
the present year. 

During the period from the 15th January, 1927, to 
the 25th December, 1927, the power supplied by the 


Commission, measured at the substations as 3-phasé: 


alternating current at 6 600 volts, was as follows :— 


Units 
For traction purposes 100 551 254 
For other purposes 1 808 947 
Total 102 360 201 


The average cost per unit was 0-818d., which includes 
all the Commission’s capital charges and operating costs 


for the whole of their system up to and including the * 


high-speed track circuit-breakers. 


The cost of maintaining the Railway Administration's 
portion of the electrification scheme during the year 
1927 was as follows :— 


Track equipment :— 
| .. £21001 


Labour 
Material 5 315 
Total £26 316 
Electric locomotives :— 
Direct labour .. £24 145 
Indirect labour 4 381 
Material 29 281 
Sundry 2 920 | 7 
60 727 
Less Claims settlement 5 848 
Wheel stock .. 4 900 | 
10 748 
Net cost of locomotive main- 
tenance .. £49 979 


The total mileage worked by the 95 electric locomo- 
tive units during the year 1927 was 6383010, an 
average of 67000 miles per locomotive unit. The 
average cost of maintenance per locomotive unit per 
mile was therefore about 1- 88d. 

Definite figures of the train wages under electric 
working are not available, but that there must be a 
large saving on this account is evident from the following 
comparison:—The electric service is now worked by 
85 sets of drivers and assistant drivers, who have re- 
placed about 300 drivers and 300 firemen required under 
steam operation. This alteration is coupled with a large 
reduction in overtime. The saving to the Administra- 
tion in respect of wages of the locomotive crews and the 
guards is estimated to be between £120 000 and £180 000 
per annum. 

Organization for operation and maintenance.—The 


r 
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organization set up by the Electricity Supply Commis- 
sion for dealing with their part of this electrification 
scheme (which they have now called the Natal Central 
Undertaking) is shown in the diagram on page 1059. 

The average number of men employed in the Colenso 
power station is as follows :— 


On operation: Whites 46; Natives 67. 
On maintenance: Whites 25; Natives 31. 


For the maintenance of the transmission lines and 
substations, the whole line is divided up into three 
sections, each controlled by one section engineer, one 
assistant, one junior and one apprentice. Each man is 
placed at or near a substation, but the staff in each 
section is pooled for the maintenance of the substations 
and the transmission lines in that section. This arrange- 
ment overcomes the diffculty that would otherwise 
exist of sending someone from a distance to a sub- 
station in the event of trouble during the night. 

So far as the Railway Administration is concerned, 
the organization for the maintenance of the track equip- 
ment is divided into three sections, each under separate 
control, viz. (1) Overhead equipment; (2) bonding; 
(3) painting. 

(1) Overhead equipment.—For convenience of main- 
tenance the electrified line is divided into two main 
sections, each under the control of a track-equipment 
inspector. Each inspector’s staff consists of a leading 
hand and 9 traction linesmen, whose normal duties are 
to patrol the various sections allotted to them and make 
the necessary minor adjustments to the equipment 
under “live” conditions. Each linesman is assisted 
by 3 natives. Heavier repairs and adjustments are 
carried out on Sundays when traffic is usually suspended. 

The main depot under the control of a leading hand 
is situated at Estcourt, the geographical centre of the 
system, and two sub-depots are provided at Ladysmith 
and Merivale respectively. 

A fully equipped breakdown train is stationed at 
Estcourt to deal with serious breakdowns and major 
repairs. The composition of this train is:— 


(a) One truck fitted out as a workshop and containing 
a 5-kW single-phase petrol-driven alternator 
with step-up transformer, 

(b) One truck containing stores and material. 

(c) One truck fitted with sleeping accommodation for 
the use of the breakdown gangs. 

(d) One truck fitted with four cradles for accommo- 
dating drums of wire, viz.— 


1 drum of 0-375 sq. in. copper catenary wire, 
1 drum of 0-25 sq. in. copper catenary feeder 
wire, 
1 drum of 0-25 sq. in. copper contact wire, 
1 drum of 0-15 sq. in. copper earth wire, 
and one 8-ton steam crane. 


At each of the sub-depots a rail motor-vehicle is 
provided equipped for dealing with small breakdowns. 
These vehicles are fitted with insulated. platforms. 

Workshops and stores are also provided at Estcourt, 
in which work of a general nature such as the recovery 


of and repairs to line fittings, etc., are carried out. 
Four traction linesmen, together with labourer assistants, 
are employed on this work. Staff and administrative 
office work is also conducted at Estcourt. At each 
sub-depot there is a small store containing emergency 
gear and office accommodation. The leading-hand 
traction linesman in the main section is in charge of 
the depot. : 

(2) Bonding.—The bonding staff consists of a bonding 
inspector, 10 labourers and 20 natives. There has 
always been difficulty in maintaining the bonding on 
the Natal line due to the extensive track wastage 
resulting in the frequent renewal of rails. In conse- 
quence of this, there are usually a fair number of bonds 
missing and occasionally a considerable number. As 
might be expected in such conditions, a good deal of 
the return current leaks off the rails and returns to the 
substations through the earth. 

(3) Painting.—The painting gang consists of a leading 
hand, 7 brush hands, 9 labourer assistants, 2 flagmen 
and a traction linesman. In view of the dangerous 
nature of the painting operations, the leading hand was 
selected from the overhead equipment staff. With the 
above gang it will be possible to paint the structures 
once every 4 years. 

The structures are painted as far up as possible under 
“live” conditions. All the work is then finished on a 
Sunday under the protection of a “ section dead ” order. 
In order to paint the structures as far up as possible 
under “ live ” conditions, the traction linesman attached 
to the gang disconnects each alternate steady arm on a 
tangent track, the stagger of the contact wire not being 
materially affected by so doing. The colour of paint 
used is battleship grey, except for the overlap span 
structures at each end of the station; these are painted 
aluminium in order that the drivers of trains may dis- 
criminate between these spans and those overlaps in 
between stations. The station overlap locates the end 
of the section, and it has been found necessary to paint 
these particular structures with a distinctive colour as a 
warning to drivers to pull up here in the event of the 
section ahead being dead. The aluminium paint shows 
up very clearly at night. 

The summary of the staff employed in connection 
with the maintenance of the track equipment is as 
follows :— 


Headquarters. 
Track equipment engineer. 
Draughtsman. 
Chief clerk and two junior clerks. 
Two telephonists (one on night and one on day 
duty). 
All overhead equipment faults are reported to 
headquarters. 
Main Depot, Estcourt. 
Leading-hand traction linesman. 
4 traction linesmen. 
6 European labourers. 
6 natives. 
Alterations or extensions to the overhead equip- 
ment lay-out are undertaken with the aid of the 
main-depot staff. 
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Northern Section (Estcourt to Glencoe). 
Track equipment inspector. 
9 traction linesmen. 
27 natives. 
The headquarters of the track equipment inspector 
is at Estcourt. 


Southern Section (Estcourt to Mason’s Mill). 
Track equipment inspector. 
9 traction linesmen. 
27 natives. 
The headquarters of the track equipment inspector 
is at Estcourt. . 


Bonding gang. 
Track-bonding inspector. 
10 welders. 
20 natives. 
The headquarters of the track-bonding inspector is 
at Estcourt. 
Painting gang. 
Leading-hand painter. 
Traction linesman. 
7 brush hands. 
9 European labourer assistants. 
2 flagmen. 


Operating experience.—During the year 1927 there 
were 13 interruptions of the supply from the Colenso 
power station. In nearly every case the interruption 
did not last more than 2 minutes. Of these 13, all but 
2 were due to the occurrence of a heavy load follow- 
ing immediately upon a condition of light load. For 
example, on the 8th October, 1927, at 4.30 p.m. there 
were 6 trains on the line taking current, and at 4.45 p.m. 
there were 14 trains on heavy gradients, the peak output 
from the power station being 40000 kW. This resulted 
in a fall in the steam pressure, a reduction in the speed 
of the turbo-alternators, a lowering of the system volt- 
age and the tripping out of the substation motor-gene- 
rators. Due to the cutting off of the demand, the turbo- 
alternators speeded up and were tripped on over-speed. 
They were, however, reset immediately and the conditions 
of speed and voltage were normal again by 4.48 p.m. 

On one occasion, namely, on the 7th August, 1927, 
when a set was running on a Sunday-morning load, the 
load dropped off and the station received 2 000 kW re- 
generated power; the speed of the one turbo-alternator 
which was running at the time increased, the system 
frequency went up to 54:5 cycles and the voltage on 
the generators to 7800. The turbo-alternator tripped 
out on the steam side, but was immediately reset and 
the speed and voltage became normal. 

On another occasion the station was shut down from 
7.27 a.m. to 1.45 p.m. on a Sunday morning to enable 
joints in the main steam-range to be remade. 

Reference has been made in the paper to the severity 
of the lightning conditions in Natal and their effect on 
the track equipment.: Records have been kept of the 
number of times the high-speed track-sectioning circuit 
breakers have opened on overload, and it has been 
found that many of these circuit breakers have operated 
1 300 or 1 400 times since they were installed in August- 
December, 1926. 


As illustrating the completeness with which the 
trouble on the track equipment due to lightning has 
been overcome by the installation of high-speed circuit 
breakers in track-sectioning cabins, the list of interrup- 
tions to power on one or more of the sections due to 
overhead-line faults during the year 1927 will be of 
interest. 

During the year, there were only 7 days on which 
there were any delays to trains on account of overhead- 
line trouble. 

Apart from occasions when any section of the line 
was made dead by previous arrangement for general 
maintenance purposes, there were, in all, 39 cases of 
interruption of supply to any section due to injury to 
the overhead equipment, most of these cases, however, 
not resulting in any delay to trains. The failures were 
due for the most part to breakages of insulators by 
lightning, stone-throwing and birds; near Hart’s Hill the 
overhead lines have several times been injured by 
blasting in a neighbouring quarry, and one or two cases 
of failure have been due to derailment. 

The bulk of the repairs were effected as trafiic per- 
mitted, i.e. the maintenance staff, being aware that 
certain insulators, etc., had been broken, although not 
to such an extent as to interfere with the operation of 
the traffic, arranged with the traffic-control staff to 
make the section of the line where this had occurred 
“ dead ” for a sufficient interval to allow repairs to be 
effected. 

Table 6 gives the total number of interruptions due 
to overhead-line faults during the year 1927. 

Some information on the experience in Natal in 
regard to the wear of trolley wire may be gathered from 
the following statements. Readings were taken at two 
points during a period of two years, as follows :— 


Point “ ane a knuckling point). Diameterof 
wire, 

March" 1926 0-579 
August 1926 0-567 
November 1926 0-556 
March 1927 0-546 
July 1927 0:537 
October 1927 .. 0:529 
January 1928 .. 0:519 
March 1928 0:510 

Point “ B ” (in centre of span). 
March 1926 0-576 
August 1926 .. 0-563 
November 1926 0° 552 
March 1927 0-542 
July 1927 0-531 
October 1927 .. 0-520 
January 1928 ... 0-490 
March 1928 0-474 


The diameter of the new contact wire is 0-5923 in. 
It appears from these figures that the wear of contact 
wire has, at all events at certain points, been serious. 
It is probable that the rapid wear is, at all events, partly 
due to deficient lubrication of the pantograph contact- 
surfaces. 

In connection with the working of the electric loco- 


Date 


3/1/27 
7/1/27 


16/1/27 
20/1/27 


23/1/27 


23/1/27 
27/1/27 
28/1/27 

6/2/27 
11/2/27 
15/2/27 
23/2/27 
26/2/27 
18/3/27 
24/3/27 
25/3/27 

1/4/27 
21/4/27 
26/4/27 
20/5/27 
21/5/27 

3/6/27 


9/6/27 


23/6/27 
5/7/27 
30/7/27 
5/8/27 
21/9/27 


30/9/27 
21/10/27 


21/10/27 
23/10/27 
25/10/27 
25/10/27 
30/10/27 


26/12/27 


26/12/27 
29/12/27 
30/12/27 
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Section affected 


Estcourt Station 
Mason’s Mill Yard 


Daimana—Wessel’s Nek 
Umbulwana—Pietermaritzburg 


Wessel's Nek-Glencoe 


Daimana-Elandslaagte 
Chieveley—Frere 
Elandslaagte-Meduna 


, Matiwane—Elandslaagte 


Hilton Road—Cedara 
Pietermaritzburg-Mason's Mill 
Pepworth-Daimana 
Uithoek—Waschbank 
Winterskloof-Swartkopskloof 
Howick Line only 
Umbulwana—Pietermaritzburg 
Hart’s Hill-Colenso | 
Swartkopskloof—Winterskloof 
Winterskloof-Swartkopskloof 
Meduna Station (track only) 
New Formosa—New Beacon Hill 
Elandslaagte-Matiwane 


Winterskloof Station 


Uithoek Station 
Colenso—Hart's Hill 
Estcourt—Willowford 
Mason’s Mill Yard 
Estcourt-Willowford (track 
` only) 
Balgowan-—Lidgetton 
New Beacon Hill Station 


Chieveley—Naval Hill (track) 
Hart's Hill-Colenso 
Pepworth-Matiwane (feeders) 
Pepworth Station (track) 
Daimana—Ladysmith 


Glencoe-Wessel's Nek | 
Elandslaagte—Wessel’s Nek 
Wessel's Nek-Meduna 
Wessel's Nek Yard 


TABLE 6. 


Cause of interruption 


Overhead line damaged by derailment 

Insulator damaged by blasting operations in 
neighbourhood 

Insulators damaged by lightning 


Steady-arm insulator damaged by lightning 


Catenary and steady-arm insulators damaged by 
lightning 

Steady-arm insulators damaged by lightning 

Failure of insulator on track-sectioning cabin 

Insulator damaged by bird 


Terminal strain-insulator damaged, cause unknown | 


Steady-arm insulator damaged, cause unknown 

Catenary insulator damaged, cause unknown 

Catenary insulator damaged, cause unknown 

Catenary insulator damaged, cause unknown 

Steady-arm insulator broken, cause unknown 

Siding-switch insulator damaged, cause unknown 

Pin insulator broken, cause unknown 

Pin insulator broken, cause unknown 

Catenary insulator damaged by bird 

Insulator broken, cause unknown 

Insulator broken, cause unknown 

Equipment in tunnel fouled by timber in truck 

Terminal strain-insulator damaged by stone- 
throwing 


Broken bolt on curve line hanger 


Insulator broken, cause unknown 

Damage due to blasting operations 

Insulator damaged, cause unknown 

Damage due to derailment in Mason’s Mill Yard 
Steady-arm insulator broken by stone-throwing 


Catenary insulator broken, cause unknown 

Jumper between catenary and contact wire out of 
clamp 

Insulator broken by stone-throwing 

Flash-over on steady-arm insulator 

Flash-over on insulator 

Broken insulator 

Steady-arm insulator broken due to arm fouling 
steel structure 

Four insulators damaged by lightning 

Insulators damaged by lightning 

Insulators damaged by lightning 

Insulators damaged by lightning 


Duration 


of inter- 
ruption 
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motives, the following information in regard to the wear 
and life of tyres may be of interest. 

Since electrification started, 297 tyres have been 
renewed; the average life of these tyres was 129 045 
miles, and their performance is shown in Table 7 :— 


TABLE 7, 
| >< Remarks 
6 57 210 Loose before turning 
23 86 012 Loose after first turning l 
12 116 877 Loose after second turning 
4 135 329 Cracked after second turning 
136 125 797 Turned once 
114 146 398 Turned twice 
2 131 697 Turned three times 


The average mileage for all locomotives between wheel 
turning has been as follows :— 


75 000 to 100 000 miles. 
100 000 to 120 000 miles. 


In certain cases, however, wheels have run con- 
siderably more than the average mileage before being 
turned, for example :— 


Locomotive E49—all wheels—150 700 miles. 
Locomotive E32—nos. 2 and 3 axles—147 300 miles. 
Locomotive E52—all wheels—147 000 miles. 


The foregoing additional particulars will supply 
answers to some of the questions which have been put 
by various speakers in the discussion. One or two of 
the speakers have asked for information on points which 
are of interest but are somewhat outside the scope of 
the paper, which was intended to be an account of an 
actual electrification scheme, mainly as a description of 
the installation as a whole and its various portions, 
together with some particulars of experience in operation. 
In the present reply, therefore, I would prefer to say 
very little on general matters, in regard to which, no 
doubt, one or more papers could easily be written. 

Dealing with the specific points on which additional 
information has been asked for, I would make the 
following remarks :— 

Replying to the question raised by Mr. Roger Smith, 


Outer wheels 
Inner wheels 


there are no high-speed circuit breakers in the electric 


locomotives. The only circuit breakers of this descrip- 
tion are those in the track-sectioning cabins and in the 
substations, the latter being on the negative side of the 
generators and forming part of the normal protection of 
these machines. The high-speed circuit breakers in the 
track-sectioning cabins are closed by remote control by 
means of pilot wires and small switches in the station- 
masters’ offices or signal cabins. So far as I am aware, 
the decision to give no lateral play to the articulating 
connection between the two bogies of the locomotives is 
still being adhered to. 

Replying to Mr. Turner, I regret that I cannot give 
any definite figure for the number of steam locomotives 
required to do the work which the 95 electric locomotive 


units are doing at the present time. When the scheme 
was under consideration in 1921, it was estimated by 
the officers of the Railway Administration that 130 
steam locomotives would be required to deal with the 
traffic for which the electrification scheme was designed, 
viz. 30 000 tons per day of freight traffic towards the 
coast, plus passenger traffic. This estimate, however, 
was based on the assumption that traffic would be toa 
certain extent reorganized following the expenditure of 
about £1 200 000 on track alterations, without which it 
was not considered practicable to work so much trafic 
by steam. A comparison between the number of electric 
and steam locomotives cannot, therefore, be given with- 
out this qualification. No provision is made for limiting 
the short-circuit currents on the overhead line by the 
insertion of any resistances between the substation bus- 
bars and the track conductors. It was not thought 
necessary to make any such provision, as the substation 
motor-generators with their high-speed circuit breaker 
were quite capable of dealing with any short-circuits 
that could occur. The contact line is staggered as 
follows :—On straight track the line is pulled off to the 
extent of 9 in. on alternate sides of the centre line at 
each structure. 

Colonel O’Brien raised the question as to the weight 
of three electric locomotive units, the aggregate capacity 
of which is 3 600 h.p. These three units weigh 198 tons, 
and he compares them with a 4 000 h.p. locomotive on 
the Paris—Orleans Railway which weighs not more than 
110-120 tons. The higher specific weight of the South 
African locomotives is almost entirely due to the feature 
of the design which consists in dividing up the total 
h.p. capacity between 3 locomotive units and 12 driving 
axles. With all the requirements which have to be 
met, it was not practicable to design a 4-axle locomotive 
unit to weigh less than about 65 tons, and this was not 
appreciably affected by the track gauge. No doubt 
with a different design a lower specific weight could 
have been reached, especially if 3-axle bogies had been — 
practicable. This, however, was precluded on account 
of the sharp curves for which the locomotive had tc be 
designed, but even if it had been practicable to produce 
a locomotive with the capacity required weighing only 
110 tons, it would have been far too light to give suf- 
cient adhesion for all the working conditions. I regret 
that I have no information available as to the maximun 
temperature-rise of the main locomotive motors m 
service. It is evident, however, from the ‘data obtained 
during the factory test of these motors and from the 
current consumption during service that the usual limits 
of temperature-rise are not exceeded in practice. I am 
not aware that any experiments have been made in the 
direction of indicating the temperature-rise by tht 
insertion of a thermo-couple in any part of the motor. 

Replying to the question raised by Colonel Cortez 
Leigh in regard to the number of turbo-alternator 
installed in the Colenso power station, there was 10 
intention of allocating one set to industrial loads. AS 
explained in the paper, it was only possible to make 
an approximate forecast of the maximum demand eithet 
of the traction or of. the industrial load. So far, tbe 
maximum demand, if reckoned on the half-hour rate, 
could be comfortably dealt, with by two sets but 4 
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stated above, the load has occasionally very high peaks 
going up to as much as 40000 kW. With a heavier 
traffic and with an increase in the industrial load, which 
must be anticipated, it would be unsafe to rely con- 
tinuously on keeping two sets only in service. How- 
ever carefully trafic may be regulated, it is not prac- 
ticable to make certain that from time to time abnormally 
heavy peak-demands will not occur. The boiler feed- 
pumps installed in the power station are of the rotary 
type. The 6 circulating-water pumps work in parallel 
on to a common “ header.” There is no provision for 
allocating any one pump to any condenser. The dis- 
charge from the circulating system is about 1 860 ft. 
downstream from the power station. The general 
average temperature of the inlet water to the condensers 
during the summer is about 72°F. In regard to the 
selection of plant for the substations, rectifiers were 
not seriously considered as they are not suitable for use 
on a system over the whole of which regeneration of 
power may take place. The two grades of fuel to which 
reference is made in the paper have approximately the 
same calorific value, and the cheapest combination of 
the two grades is the smallest that can be successfully 
used on the grates. There should, therefore, be no 
advantage in respect of freight charges in using ‘‘ peas ” 
rather than “duff.” No definite period was decided 
upon during which the substations were to be in charge 
of temporary attendants. When a substation was put 
into operation, it was left unattended as soon as the 
various items of apparatus, including the main, auxiliary 
and automatic switchgear, were satisfactorily adjusted. 

Mr. Mordey has drawn attention to certain guarded 
statements in the reasons given in the paper for the 


- selection of the 3 000-volt direct-current system for this 


electrification scheme. In a paper which, as already 
mentioned, is intended as a description of certain work 
which has been carried out, it is natural to confine one’s 
remarks to the scheme in question without attempting 
to lay down the law in regard to the general question 
of choice of system; but I may, perhaps, reply to the 
question which he has put in regard to paragraphs (c), 
(d) and (f) on page 1023. The features which were con- 
sidered to be undesirable in 1921 in the design of certain 
single-phase locomotives are not now prominent in 
locomotive design, although it is difficult to say that 
they have been entirely abandoned. So far as my 
information goes, the maintenance cost of single-phase 
locomotives has been substantially reduced since 1921 
when the design of the South African Railway scheme 
was under consideration. It is hardly practicable, 
however, without a thorough investigation, to make a 
close comparison in this respect between the single-phase 
and the direct-current systems as applied to the special 
conditions prevailing in South Africa, and, in any event, 
the question of locomotive maintenance is only one of a 
number of factors on which the choice of system must 
be based. I am not aware of any important develop- 
ments during the last 5. or 6 years in the design of 
locomotives equipped with single-phase motors for 
regenerative braking. The remark in the paper in regard 
to this matter does not, of caurse, apply to split-phase 
locomotives, but such locomotives. are equipped with 
3-phase motors which have somewhat undesirable speed 


characteristics for a railway such as that in Natal. 
Apart from this, however, several so-called motor- 
generator locomotives have recently been built and put 
into service, which take power from a single-phase 
overhead line but are equipped with direct-current 
motors. In locomotives of this type there is no difficulty 
in providing for regenerative working. 

Mr. Brazil asks whether there has been any trouble 
with the high-speed circuit breaker protecting one 
section of the overhead line owing to a short-circuit 
occurring on another section. I do not know of any 
such trouble. 

Dr. Kahn refers to the possibility of telegraph and 
telephone disturbances being caused by ripples in the 
supply from the 3 000-volt generators in the substations. 
This matter has been fully dealt with in the discussion 
by Mr. Whitaker, and, as the latter was responsible on 
behalf of the British Thomson-Houston Co. for the 
‘design of these motor-generators, I cannot do better 
than refer Dr. Kahn to Mr. Whitaker’s contribution 
to the discussion. 

Replying to Mr. Rawll, the earth lead from the 
neutral point of the 88 000-volt windings of the step-down 
transformer is earthed through a disconnecting switch; 
a current transformer is provided on the earth side of 
the disconnecting switch for use with the protective 
device and for operating a recording ammeter and 
alarm device. The neutrals of the step-up transformers 
in service and of all the step-down transformers are 
earthed. The working of the combined pressure and 
vacuum, brakes on the locomotives and the rolling stock 
has proved very satisfactory, although some smal] 
alterations were needed during the first few months of 
service. These alterations, however, were mainly to 
facilitate the operation of the regeneration system by 
enabling the vacuum brakes on the trains and the 
pressure brakes on the locomotives to be, to a certain 
extent, applied independently. 

I regret that I cannot give Mr. Barnett any precise 
information as to the total losses on the system between 
the generators and the locomotives, as there are not 
sufficient energy meters to enable accurate figures to be 
taken. 

Mr. Croft refers to the possibility of the locomotive 
driving-wheels slipping owing to the fact that they are 
designed for individual drive and are not coupled 
together. No doubt there are from time to time 
instances of wheels slipping, but there have been no 
complaints on this ground. Some ‘slight slipping is 
almost inevitable if the line voltage drops very suddenly 
while the locomotive is regenerating, but the condition 
following upon this state of affairs lasts a very short 
time and does not give rise to any trouble. The loco- 
motives, as he mentions, were originally fitted with 
double-gap horn lightning-arresters. After some ex- 
perience with these, the gap on the earth side was 
short-circuited, but I cannot say whether this arrange- 
ment has been finally adopted. 

Dr. Thornton has misunderstood the reference in the 
paper to the corrosion of the ferro-concrete. This 
corrosion did not take place in the holding-down bolts 
in the sleepers, but in the foundations for the track 
structures at the side of the track. Current from the 
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track rails passed to the ground through the bonds 
connecting the rails to the structures, thence through 
the concrete into the earth. The obvious remedy for 
this trouble is to insert spark-gaps in the bonds between 
the rails and the structures. 

Replying to Mr. Green, I do not think there is any 
evidence to show that traffic on the electrified section 
has increased owing to electric operation. As he 
suggests, the object of electrifying this line was to 
improve the working conditions, with consequent saving 
in operating expenses. The figures given in the 
paper and in the earlier part of this reply show to what 
extent the object has been attained. I have no infor- 
mation in regard to any decrease in charges for passengers 
or freight traffic arising from the more efficient working. 
When the project to electrify the line between Glencoe 
and Pietermaritzburg was under consideration, it was 
at first proposed to substitute electric for steam locomo- 


tives for shunting work in the various goods yards. It- 


was difficult at the time to obtain the necessary informa- 
tion in regard to the amount of work to be done by 
such locomotives, and what proportion of such work 
could be successfully transferred to electric locomotives, 
and the proposal to electrify these yards was put aside 
for further consideration. Up to the present, so far as 
I am aware, this point has been left in abeyance. 

I regret that I cannot give Mr. Bowden any material 
information in regard to the value of the oxide-film 
lightning arresters. There is some evidence to show 
that discharges pass through them during lightning 
storms, as was to be expected, but it is difficult to say 
definitely how far such discharges are of value in 
preventing serious breakdown of the insulators on the 
transmission lines. 

At the time when the Colenso power station was 
designed, the pulverized-fuel system had not been 
developed to the stage which it has since reached, and 
it was obviously important, when laying out a station 
in the centre of Natal, more than 6000 miles away 


from this country, for a scheme in which an important 
main-line traffic depends entirely upon the continuity of 
operation of a single power station, not to include any 
experimental features. The various figures given in 
the paper and in this reply show that the operation of 
the power station with boilers fired by mechanical 
stokers has been very satisfactory, and it is improbable 
that better results would have been obtained with a 
pulverized-fuel installation. No doubt some improve- 
ment in the operating conditions in the power station 
could have been obtained by installing some system of 
load-limiting devices, but any such system would have 
seriously interfered with the regularity of the traffic on 
the single-track line on which improvement in working 
is largely dependent upon the punctual running of the 
trains. It should also be remembered that the whole 
electrical system was designed for considerably more 
than the average traffic so far dealt with. If the antici- 
pated traffic of 30000 tons per day plus passenger 
trains were realized, the operating conditions in the 
power station would be quite straightforward. There is 
no reason to suppose that outside consumers have to 
put up with bad conditions of supply. . The voltage 
regulation at the power station is very close, and as the 
drop in the transmission lines is quite small owing to 
the power factor of the input to the substation motor- 
generators being maintained close to unity, or slightly 
leading, the alternating voltage at the substations varies 
between very small limits whatever the traction load 
may be. Motor-generators were selected for the equip- 
ment of the substations rather than rotary convertors 
on account of the difficulty in building convertors 
suitable for a frequency of 50 for any pressure much 
above 1000 volts. Thus, to obtain direct current at 
3000 volts it would be necessary to install for each 
unit at least three or four rotary convertors in series. 
I do not know of any 3 000-volt direct-current railway 
electrification scheme in which the substations are 
equipped with rotary convertors. 
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THE ELECTRICAL PROPERTIES OF GALVANIZED STEEL CONDUCTORS 
FOR OVERHEAD TRANSMISSION LINES.* 


By E. C. WALTON, B.Eng. 


(Paper first received 1st May, and in final form 19th July, 1928.) 


SUMMARY, 


In this paper are given the results of some work which was 
carried out with a view to obtaining definite information as 
to the electrical properties of steel conductors when carrying 
alternating currents. The most important values measured 
in the tests were the “ effective a.c. resistance ” and “ internal 
inductive reactance,” and it is shown that it would be im- 
possible to calculate these in the case of iron or steel con- 
ductors. 

Full particulars with regard to the selected range of test 
samples are given, including their mechanical properties, 
chemical analyses and magnetic qualities. 

The test methods are briefly described, the method of 
power-factor measurement employed in the “ internal in- 
ductive reactance ” tests being more fully referred to in the 
Appendix. 

The effect of spacing on the values of “effective a.c. 
resistance *” and “internal inductive reactance” is then 
considered. The test results show that these values do not 
vary with the spacing until the conductors are brought very 
close together and, in fact, are separated only by a thickness 
of paper. 

Some observations on the test results are given, and it is 
shown that the most suitable of the four grades of material 
tested is the ‘‘ 45-ton quality, hard-drawn ” grade. 


TABLE OF CONTENTS. 


(1) Introduction. 

(2) “ Effective a.c. resistance.” 

(3) “ Internal inductive reactance.” 

(4) Description of test samples. 

(5) Results sought in tests. 

(6) Test methods :— 
“ Effective a.c. resistance *” and “internal in- 

ductive reactance ” tests. 

D.C. resistance tests. 
Temperature-rise tests. 

(7) Effect of spacing on “ effective a.c. resistance ”’ 
and “ internal inductive reactance ” values. 

(8) Observations on test results. 

Appendix. A method of measuring the power factor 
of a circuit accurately when it is very close to 


unity. 


(1) INTRODUCTION. 


There are certain cases in which it is found desirable 
to employ galvanized steel conductors for overhead 
electrical transmission lines. In designing such lines 
some difficulties usually arise due to the lack of definite 

* The Papers Committee invite written communications (with a view to 
publication in the Journal if approved by the Committee) on papers published 
in the Journal without being read at a meeting. Communications should reach 


the Secretary of the Institution not later than one month after publication of 
the paper to which they relate. 


information with regard to the electrical properties of 
steel conductors when carrying alternating currents, and 
it was with a view to obtaining such information that 
this work was carried out. 

A summary of the information on this subject which 
was available up to that date appeared in the American 
technical Press ¢ in 1918, but the descriptions of some 
of the test samples were vague and cannot be definitely 
interpreted. 

The object of this paper is to present the results of 
some work on the electrical properties of certain samples 
of galvanized steel conductor, the chemical compositions 
and mechanical properties of which had been previously 
determined. The most important of these electrical 
properties are the “effective a.c. resistance’’ and 
“ internal inductive reactance.” A brief reference will 
therefore be made to these, and it can be shown that 
any attempt to calculate their values for steel conductors 
is impracticable. 


(2) EFFECTIVE A.C. RESISTANCE. 


When a cylindrical conductor carries an alternating 
current, the current density over its cross-section is not 
uniform but is a maximum at the circumference and a 
minimum along the axis. This phenomenon is known 
as “skin-effect ” and causes the power loss per unit 
length of the conductor, for a definite current value, to 
be greater for alternating than for direct current. The 
effective a.c. resistance is obtained by taking the quotient 
of the power loss and the square of the alternating 
current. For conductors of non-magnetic material, the 
effective a.c. resistance can be accurately calculated by 
means of formule f derived from Maxwell’s fundamental 
equations. These formule could also be used for iron 
and steel conductors if a definite constant value could 
be assigned to p, the magnetic permeability of the 
material. Since, however, the magnetic field strength 
varies over the cross-section of the conductor, the value 
of y will, in this case, vary also between wide limits, 
which will depend on the value of the current in the 
conductor. 

For iron and steel conductors, therefore, the formulx 
referred to cannot be applied, and it becomes necessary 
to make actual measurements to determine the effective 
a.c. resistance over a range of current values, and also 
for different frequencies. In the case of iron and steel 
conductors the effective a.c. resistance is further increased 
owing to hysteresis losses, and also with stranded con- 
ductors to the “ spirality ” effect of the outer strands. 

t Electrical World, 1918, vol. 72, p. 150. 


t A. RUSSELL: “The Theory of Alternating Currents,” 2nd ed., vol. 1, 
chap. vii. 
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STEEL CONDUCTORS FOR OVERHEAD TRANSMISSION LINES. 


(3) INTERNAL INDUCTIVE REACTANCE. 

Formulz * have also been derived by means of which 
the total self-inductance of two similar parallel cylin- 
drical conductors may be calculated. The logarithmic 
term in the expression for the total self-inductance 
arises from the magnetic field external to each conductor 
due to the current in it, and may be termed the ‘‘ external 
self-inductance.'” The other term, which arises from the 
magnetic field which exists within each conductor due 
to the current flowing in it, may be termed the “ internal 
self-inductance,”” the corresponding reactance being 
known as the internal inductive reactance. 

In the case of copper conductors, the total self- 
inductance may be accurately determined from the 


TABLE 1. 
Comparison between Self-inductance Values for Parallel 


Cylindrical Conductors of Copper and Steel; 8 
S.W.G. ; 3-ft. Spacing. 


; E 2 E 
Material of conductors |“ fuctance | seltinductance | inductance 
Henrys per mile of parallel conductors 
Copper 0-00393 0-00016 0-00409 
(calculated) 
Steel (Grade C.H., | 0-00393 0-06350 0-06743 
with current of (measured) 


15 amps. at 50~) 


formule referred to above, but it is usually found that 
the ‘‘internal”’ part of this total self-inductance is small 
compared with the “external” and may be neglected 
without serious error. For iron and steel conductors, 
however, the internal self-inductance becomes appreciable 
and often exceeds the external self-inductance, as shown 
in Table 1. 

In this case, as in that of the effective a.c. resistance, 
it becomes impossible to make calculations for iron and 
steel conductors from the formule quoted, due to the 
wide variations in the value of u over the cross-section 
of the conductors. Thus it again becomes necessary to 
make actual measurements, and curves between internal 
inductive reactance and current value for a definite 
frequency are desirable. 


(4) DESCRIPTION OF TEST SAMPLES. 
The range of samples consisted of a number of different 
Sizes in each of four grades of material, these being as 
follows :— 


(1) Grade A.H.: 45-ton quality steel, hard-drawn and 
galvanized. 

(2) Grade A.S.: same quality as (1) but furnaced in 
conjunction with the galvanizing process. 

(3) Grade C.H.: conductivity quality steel, hard- 
drawn and galvanized. 

(4) Grade C.S.: same quality as (3) but furnaced in 
conjunction with the galvanizing process. 


* A. Russert: loz. cit. 


1067 


In every case the “H” and “S” samples in each 
quality and corresponding gauges were produced from 
the same coil of wire. | 

For each of the above grades of material, samples of 
the following sizes were tested :— 


8 S.W.G. solid conductor, and 7-strand conductors 
of 12, 14 and 15 S.W.G. 


_ Single wires of the same material as the stranded 


conductors were also tested, the samples again being 
taken from the same coil of wire as the individual 
strands. 

In Tables 2 and 3 the test results for the chemical 
analyses and mechanical properties of the samples are 
collected, with reference to their treatment in manu- 
facture. A complete series of micro-photographs was 
taken from the range of samples and some of these are 
reproduced in Figs. 1 to 8. In addition, tests were 
carried out to determine the magnetic qualities of the 
four grades of material, and the results are given in the 
form of B-H curves, -H curves, and typical hysteresis 
loops in Figs. 9 to 12. 

These magnetic tests were made on samples of the 
8 S.W.G. steel conductor, each about 7 ft. in length. 
The sample was supported along the axis of a single- 
layer cylindrical solenoid, 3} in. mean diameter and 
6 ft. long. A single-layer search coil about 2} inches in 
length and wound on an ebonite former was fixed on 
the conductor at the centre of the solenoid and connected 
to a ballistic galvanometer. The value of H along the 
axis of the solenoid was sensibly constant over the 
distance occupied by the search coil and could be 
calculated. The change in B in that portion of the steel 
conductor surrounded by the search coil, corresponding 
to a given change in H, was obtained from the observed 
throw of the ballistic galvanometer and the known 
dimensions of the search coil. The B-H and p-H 
determinations were made by completely reversing the 
current in the solenoid over a range of values, while for 
the hysteresis loops the current was suddenly reduced 
from a definite value to a number of lesser values 
(Ewing’s method). 


(5) RESULTS SOUGHT IN TESTS. 


(1) The effective a.c. resistance for each of the test 
samples, and also for single wires of the same 
material as the stranded conductors. This 
resistance was to be determined for a selected 
range of current values at 50 cycles, and for the 
highest of these current values at 25 cycles. 

(2) The d.c. resistance for the same set of samples, 
and at the same current values, as used for the 
effective a.c. resistance measurements. 

(3) The internal inductive reactance for the same set 
of samples, and at the same current values and 
frequencies as used for the effective a.c. re- 
sistance measurements. 

(4) The mean temperature-rise of each sample above 
air temperature when carrying the highest 
current value in the selected range at 50 
cycles. 
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TABLE 3. 


Summary of Chemical Analysis Results and M anufacturing Treatment for Galvanized Steel Conductors. 


Conductor Chemical analysis 
Treatment in manufacture 
Size Grade Si S P Mn Ni Cu 
S.W.G. per cent | percent | percent | percent | percent | per cent 
A.H. 0-075 | 0-026 | 0-035 | 0-550 | None | 0-210 | Drawn 1 hole to 0: 192 in.; annealed at 
600° C. and finished 1 hole to size. 
A.S. 0:075 | 0-029 | 0-031 | 0-540 | None | 0:200 | As A.H. 8; also furnaced at 600°C. 
8 | with galvanizing process. 
C.H. Trace | 0-026 | 0-021 | 0-210 | None | 0-227 | Drawn 1 hole to 0:192 in., and finished 
1 hole to size. 
C.S. Trace | 0-018 | 0-019 | 0-200 | None | 0-221 | As C.H. 8; also furnaced at 580°C. 
with galvanizing process. 
A.H. 0-085 | 0-026 | 0-029 | 0:570 | None | 0-190 | Drawn 2 holes to 0: 130 in.; annealed at 
720° C. and finished 1 hole to size. 
12.) | AS 0-085 | 0-029 | 0-029 | 0-580 | None | 0:200 | As A.H. 12; also furnaced at 700° C. 
| with galvanizing process. 
C.H. Trace | 0:020 | 0-015 | 0-200 | None | 0:227 | Drawn 3 holes to size. 
C.S Trace | 0-015 | 0-015 | 0-200 | None | 0-208 | As C.H. 12; also furnaced at 700* C. 
with galvanizing process. 
A.H. 0-066 | 0-026 | 0-034 | 0-530 | None | 0-180 | Drawn 3 holes to 0-098 in.; annealed at 
700° C. and finished 1 hole to size. 
14 A.S. 0-066 | 0-026 | 0-034 | 0-530 | None | 0-180 | As A.H. 14; also furnaced at 700°C. 
with galvanizing process. 
C.H. Trace | 0:019 | 0-016 | 0:200 | None | 0-208 | Drawn 4 holes to size. 
C.S. Trace | 0:016 | 0-015 | 0-200 | None | 0:211 | As C.H. 14; also furnaced at 700° C. 
with galvanizing process. 
A.H. 0-066 | 0-029 | 0-029 | 0-600 | None | 0-180 | Drawn 4 holes to 0:089 in.; annealed 
| and finished 1 hole to size. 
15 A.S 0-066 | 0-027 | 0-028 | 0-600 | None | 0:180 | As A.H. 15; also furnaced at 700° C. 
with galvanizing process. 
C.H. Trace | 0-027 | 0-021 | 0-200 | None | 0-214 | Drawn 5 holes to size. a | 
C.S. Trace | 0-028 | 0-022 | 0-200 | None | 0:208 | As C.H. 15; also furnaced at 700°C. 
with galvanizing process. ° 
T 
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400 


Magnetic permeability (x) 


Grade AH. 
"A.S. 
C.H. 


Magnetizing force (H) per cm? 


Fic. 10.—Permeability curves for different grades of steel’ conductor. 


Grade A.H. — e 
8 " A.S. — o 


ty (B) per cm?x 10° 


Flux densi 
> 


-8 8. 

Magnetizing force (H) per cm? 

Fic. 11.—Hysteresis loops for different grades of steel 
_ conductor. 

Energy loss per cycle :— 


Grade A.H.—13°6 x 103 ergs per cm3, 
Grade A.S.—14°S x 103 ergs per cm3, 


Flux density (B) per cm? x 10° 


8 
Magnetizing force (H) per cm? 


Fic, 12 ie eile loops for different grades of steel 
. conductor. 
Energy loss per cycle :— 
Grade C.H.—11'6 x 103 ergs per cm3, 
Grade C.S.—12'4 x 103 ergs per cm3, 


ca 
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The range of current values selected for each size. of 
conductor was as follows :— 


7/12 S.W.G. conductors: 5, 10, 20 and 30 amperes. 
7/14 S.W.G. conductors: 5, 10, 15 and 20 amperes. 
7/15 S.W.G. conductors: 5, 10 and 15 amperes. 

8 S.W.G. solid conductors: 5, 10 and 15 amperes. 
Single ‘wires of 12 S.W.G.: 2, 3, 5 and 7 amperes. 
Single wires of 14 S.W.G.: 2, 3 and 5 amperes. 
Single wires of 15 S.W.G.: 2, 3 and 5 amperes. 


The test results for the required electrical properties 
of the whole set of samples are collected in tabular form 
in Tables 4 and 5, and typical curves for effective a.c. 


Grade A.H.— © 
» A.S.—e 
"n  C.H 0 
*  C.S. —X 


Effective a.c. resistance, in ohms per 1000 yds. 


o 10 20 30 
Current, in amperes 


Fic, 13.—Effective a.c. resistance curves, at 50 cycles, for 
7/12 S.W.G. stranded steel conductors. 


| | 
resistance and -internal inductive reactance over the 
selected ranges of current values are given in Eee 13 
to 16. 


(6) Test METHODS. 


Effective a.c. resistance and internal inductive reactance 
tests —These tests were carried out simultaneously on 
each sample of steel conductor. ‘The sample, which 
was- about: 60 ft. in length, was stretched taut in the 
form of a long, narrow U loop, the parallel sides being 
at 12 in. pitch. The main current connections were 
made at the free ends of the loop, arid voltage tappings 
were taken from suitable terminals clamped at a distance 
of about 1 ft. from these ends. 


The necessary low-voltage a.c. supply was obtained 


through a step-down transformer from an alternator, 


the speed. of. which was.adjusted .to give the require 
es: This machine had been ee designed 


to give a voltage wave-shape of sine form for iron- 
testing purposes. 
The power loss in the test sample for a definite current 


1-6 


; Grade A.H-— 0 
0-4 " A.S.—— 0 
C.H— e 


Internal inductive reactance, in ohms per 1000yds. 
© : 
00 


10 
Current, in amperes 


Fic. 14.—Internal inductive reactance curves, at 50 cycles, 
for 7/12 S.W.G. stranded steel conductors. 


Grade A.H.. ® 


A.S.— >? 
C.H.—® 


15 


0 5 10 | 
Current, in amperes 


- Fic. 15.—Effective.-a.c. resistan es,- at. 50; cycles, for 
No, 8 5.W.G. solid steel ae | 


d_ | _yalue was measured by_means of a standard vattnets 


of the Duddell-Mather type, made de the Cambridge 
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and Paul Instrument Co., Ltd., which was.capable of 
extremely accurate measurements. The current was 


measured by a dynamometer-type instrument which . 


was calibrated on direct current before and after each 
test. Thus the effective a.c. resistance was obtained. 
The phase angle ¢ between the voltage across the test 
sample and the current flowing in it was then obtained 


g 
© 


Internal inductive resistance, in ohms per 1000 yds. 


Grade A.H.— e 
» A.S.—e 


n C.H—0 
w = C.S.—x 


0 5 10 15 
- Current, in amperes 


Fic. 16.—Internal inductive reactance curves, at 50 cycles, 
for No. 8 S.W.G. solid steel conductors. 


by a special method, referred to in the Appendix, this 
method being necessary since the angle was in many 
cases of the order of 5° (cosd = 0:996). From the 


tangent of this angle and the effective a.c. resistance 


value the total inductive reactance was determined, and, 
since the external inductive reactance could be calcu- 
‘lated, the internal inductive reactance was obtained by 
subtraction. i 

The accuracy of this method is proved by Table 6, 
which gives the test results for the internal inductive 
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reactance of a particular sample at a definite current 
value and spacings of 6 in., 12 in. and 24 in. 

D.C, resistance tests —Since the purpose of these tests 
was to enable the ratio of a.c. to d.c. resistance to be 


calculated, it was decided to use the same method of 


measurement for both the a.c. and d.c. resistance tests, 


“as there was no point in obtaining a higher degree of 


accuracy in the latter by using a bridge method. 
Tempevraluve-rise tests.—These tests, although not so 

important as those mentioned above, were considered 

desirable as giving some idea of the practical use of 


the current values selected. 


The temperature-rise was determined by means of a 
resistance method, which enabled the mean temperature 
of the conductor to be measured while an alternating 


a.c. sur l 
I PS | 


| ` 
Variable a coil IA 


Standard 
resistance ~IS 


Fic. 17. —Method of making temperature-rise tests. 


current of the scanned value was ‘flowing, the principle | 


of the method being illustrated in Fig. 17. The test | 
sample was arranged as a long continuous rectangular . 
loop and suspended in the atmosphere, the temperature | 


of which was measured by an accurate thermometer. 


The a.c. low-voltage supply was applied to the ends of 
the loop, and the d.c. resistance between the mid-points 
of the long parallel sides was measured by means of a 
Kelvin double bridge. The d.c. measuring current in 
the test samples was small compared with the main 


TABLE 6. 


Internal Inductive Reactance Values for a Definite Length (about 60 ft.) of 7/12 S.W.G. Steel Conductor, Grade A.S., 
with Current of 30:08 amps. at 50 cycles. 


mm O aan naaa 


Calculated 
Ei Rtan $ = total Internal 
; ' Eff w : ternal 
Spacing Power loss W - w a e RO -F -l- tang inductive ; inductive inductive 
in watts watts ohms ohms ohms ohms 

24 73°42 8-18 0:08117 0:1113 0:3105 0: 02520 0.00485 0- 02035 
12 13°44 - 8-30 . . 0-08119 ~- 0:1127. 0:3035 0:02465 0-00425 0-02040 
6 73-40 8-42 0-08115 0:1145 0-2960 0: 02400 0: 00357 0: 02043 


NorE.—For method of obtaining “ tan ġ ” see Appendix. 


Se EE += 


No: 


aa uN NM MM 
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alternating current, so that its heating effect could be 
neglected. The resistance-temperature coefficient for 
each of the four grades of material was determined in a 
separate test by immersing a suitably-constructed coil 
of the 12 S.W.G. single conductor in a vessel containing 


TABLE 7. 


id -Temperature Coefficients for the Four Grades 


of Material Tested. 


Resistance-temperature coefficient 


Grade of material (per degree C., from and at 20” C.) 


- 2 


A.H. 0-00362 
A.S. 0- 00369 
C.H. 0-00475 
CS: ` 0:00455 


oil. The oil was maintained at various steady tem- 
peratures by means of an outer vessel containing water, 
and resistance measurements were made by means of 
the Kelvin double bridge. The results obtained are 
given in Table 7. Thus from the initial and final d.c. 


reason for this assumption is as follows. If the con- 
ductors are relatively close together, the external 
magnetic field due to the current in one conductor will 
produce eddy currents in the other conductor. These 
eddy currents will have the effect of distorting the 
current distribution and thus the formule will not 
hold. 

It was decided to investigate this point, the object 
being to determine the spacing at which this effect 
becomes appreciable. Two samples of steel conductor 
of the largest available diameter were therefore selected, 
one being stranded and the other solid, and measurements 
of effective a.c. resistance and internal inductive re- 
actance were made at various spacings. In the case of 
the effective a.c. resistance values when the spacing was 
such that the conductors were only separated by one 
thickness of paper, a correction was necessary due to 
the increased temperature-rise of the conductors. This 
temperature-rise was measured approximately by means 
of an accurate alcohol thermometer placed in contact 
with the conductors. The results of these tests are 
given in Tables 8 and 9. 

It will be noted that as the spacing was reduced, no 
apparent increase in either the effective a.c. resistance 


TABLE 8. | 
Measurement of Effective A.C. Resistance of a Definite Length (about 60 ft.) of Galvanized Steel Conductor, at Different 
Spacings. 
Increase in value of effective a.c. resistance in 
test (4) over average of values in (1), (2) and (3) 
Measured 
Test No. Particulars of conductor Spacing Power loss temperature of Calculated Amoñatdus | Amount dua 
ondustor from power to higher to distortion 
loss as a erature of] of current 
measured nductor in (4) distribution 
in. watts °C, per cent per cent per cent 
12 73°44 30-2 
5 7/12 S.W.G. Grade A.S. | 24 ae axe 
with current of 30-08 : 2°77 1-38 1-39 
(3) amps at BO cycles One thickness of 
(4) i paper between 75:44 34-3 
| E elds xx conductors . 
: 12 59-61 33:0 
E 8 S.W.G. Grade A.S. with V A a ee | 
current of 14-96 amps. | ; ; | 3:98 2:97 1-01 
(3) at 50 cycles One thickness of | 
(4) y paper between 61-99 42-0 


conductors 


resistance values the temperature-rise of the conductor | 


above air temperature was calculated. 


(7) EFFECT OF SPACING ON EFFECTIVE A.C, RESISTANCE 
AND INTERNAL INDUCTIVE REACTANCE VALUES. 


An assumption with regard to the spacing of the con- 
ductors is necessary in order to arrive at the formule 
for effective a.c. resistance and total self-inductance, 
previously referred to. One way of appreciating the 


or internal inductive reactance was obtained -until the 
spacing was such that the conductors were only separated 
by a thickness of paper. Even at this spacing the 
increase in effective a.c. resistance was only very 
slight. 

The important | conclusion to be drawn from these 
results is that since the main tests were carried out with 
a spacing of 12 in., the samples were tested under 
practical conditions as regards spacing. 
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(8) OBSERVATIONS ON TEST RESULTs. 


Referring to the main test results given in Tables 4 
and 5 and the curves in Figs. 13 to 16:— 


(a) The wide variations in effective a.c. resistance and | 
internal inductive reactance over the selected : 
ranges of current values show the necessity for | 


actual measurements. 


(b) Considering the values of the “ a.c. to d.c. resistance ` 


ratio *” and internal inductive reactance for the 
four samples of any one size but different grades 
of material, it will be noted that the order of 
these values ranging from highest to lowest is 


highest selected current value up to that of 
the corresponding “ 46-ton quality * ? samples 
(A.S. and A.H.). 


(d) The only samples for which the values of effective 


TABLE 9. 


a.c. resistance or internal inductive reactance 
reach a maximum within the range of current 
values selected are the No. 8 S.W.G, conductors 
of conductivity quality (C.S. and C.H.). These 
maxima probably correspond to the maximum 
values of magnetic permeability for the materials. 
The reason that these maxima only occur in the 
case of the No. 8 S.W.G. conductors is explained 
by Table 10, and the magnetic permeability 


Measurement of Internal Inductive Reactance for a Definite Length (about 60 ft.) of Galvanized Steel Conductor, at 


7/12 S.WG., 


8 S.W.G., 


Different Spacings. 


ec | eee | em | | es | aE | | TS | ES 


do Beta Power Bere 
conductor eae iv ie Tesno, 
in. watts watts ohms, 
a 12 73-44 | 8-30 | 0-08119 
9 sy 6 73-40 :| 8:42 | 0-08115 
nya ev ; R.B? | Q. 
Pa BS 24 73-38 | 8-63 | 0-08114 
< D E S: O 
a E «6 5 ne 
Y 338 2 thickness 
eici- E" of paper 75:44 | 9-27 | 0-08341 
25 between 
conductors 
= 12 59-61 | 6-36 | 0-2663 
Oi 6 59-66 | 6:40 | 0-2665 
E. 2} 59-59 | 6-44 | 0-2662 
<q o Q 
5 ES One 
O 58o]| thickness 
Egat || of paper |> 61-99 | 6-77 | 0-2770 
ee between 
conductors 


in Interna 

uag R tee eee aire inductive 

an ; k . A inductive reactance 

feactance | reactance | reactance | over value 

j spacing 

ohms ohms ohms per cent 
3035 | 0-02465 | 0-00425 | 0-02040 a 
2960 | 0-02400 | 0-00357 | 0-02043 =_= 
2833 | 0-02300 |.0-00245 | 0-02055 | 0-74 
2590 | 0-02160 | 0-00020 | 0-02140 | 4-90 
-3315 | 0:08837 | 0-00504 | 0-08333 — 
3290 | 0-08765 | 0-00429 | 0-08336 = 
3250 | 0-08660 | 0:00326 | 0-08334 = 
3200 | 0-08870 | 0-00020 | 0-08850 | 6-21 


that of grades C.S., C.H., A.S. and A.H. in 
almost every instance. This order is in agree- 
ment with that of the magnetic permeability 
values. In the case of the a.c. to d.c. resistance 
ratio, the fact that this order does not occur in 
every instance is probably due to the differences 
in hysteresis loss per cycle for the four grades 
of material. 


(c) In view of the above-mentioned order in the 


values of a.c. to d.c. resistance ratio and internal 
inductive reactance, it would appear that 
grade A.H. is the most suitable of the four 


grades of material tested, as it also possesses- 


a high tensile strength. It will be noted that 
the high values of the a.c. to d.c. resistance 
ratio for the “ conductivity quality ’’ samples 
(C.S. and C.H.) are in some cases sufficient to 
bring their effective a.c. resistance at the 


curves in Fig. 10 show why only the “ con- 
ductivity quality ” samples of this size are 
affected. From Table 10 it will be noted that 
the value of H at the circumference is greatest for 
the No: 8 S.W.G. conductors, while Fig. 10 shows 
that the maximum value of the magnetic per- 
meability is attained at a lower value of H for 
the “ conductivity quality ” grades of material 
than for the “ 45-ton quality ” grades. 


(e) The ‘ratio of a.c. to d.c. resistance is, from the 


values given in, the test results, much less at 
25 cycles than at 50 cycles. This is in general 
agreement with the fundamental formulz which 
may be used to compute the ratio in the case of 
conductors of a non-magnetic material. It was 
considered advisable to obtain values of the 
a.c. to d.c. resistance ratio over a range of 
frequencies for one particular sample at a 


a 
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definite current value. 
from these results is reproduced in Fig. 18 and 
it will be noted that it approximates very 
closely to a straight line for the range of 
frequency 0-60 cycles. 


TABLE 10. 


Comparison between Values of H at Circumference, for 
each Size of Conductor, Corresponding to Highest 
Current Value in the Selected Range. 


cc | CSAS 
: : ghest curren ue o at 
Size of conductor | Overall diameter | in selected range | circumference 


of conductor 


S.W.G cm amps 
7/12 0-875 30 13-7 
7/14 0-661 20 12-1 
7/15 0-600 15 10-0 
8 0-407 15 14-7 
12 0-264 7 10-6 
14 0-203 5 9-9 
15 0-183 5 10-9 


(f) It will be noted that for any particular sample 
and current value, the internal self-inductance 
at 25 cycles is greater than at 50 cycles. This 
again is in general agreement with the funda- 
mental formule which may be used for con- 
ductors of non-magnetic material. 


The work described in this paper was carried out by 
the author in the Department of Electrical Engineering, 


Ratio: a.c.resistance/d.c.resistance 


20 
Frequency, in cycles per sec. 


Fic. 18.—No. 8 S.W.G. solid steel conductor, grade A.S. 
current value = 14-96 amperes. 


Liverpool University. The samples on which the tests 
were carried out were supplied by Messrs. Rylands 
Brothers, Ltd., Warrington, ¡together with the test 
results for the chemical analyses and mechanical 
properties, and the micro-photographs. 

The author's thanks are due to the Faculty of En- 
gineering and Prof. E. W. Marchant, D.Sc., Member, 
for permission to publish these results, and also to the 
latter for his valuable help and advice both during the 
course of the work and in the preparation of this paper, 


The curve obtained . 
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APPENDIX. 


A METHOD OF MEASURING THE POWER FACTOR OF A 
CIRCUIT ACCURATELY WHEN IT IS VERY CLOSE TO 
UNITY. 


This method is very convenient and accurate when a 
standard wattmeter is available. The fixed coils of the 
instrument are so connected up as to carry the main 
current of the circuit in the usual manner. The pressure 
coil is connected as shown in Fig. 19. It will be noted 


Non- inductive R 
resistance ARA l 


A me 
| 3 


Wattmeter 


K, 


ems us oS Ce e AA «man O y o ama 


Fic. 19. 


that when K, is closed and K, open the pressure coil is 
directly connected to the voltage leads of the circuit in 
the usual manner. Let the wattmeter reading with 
this connection be W. With K, open and K, closed 
the pressure coil and the inductive coil are in parallel 


AY 


iz 


Fic. 20. 


and connected through the non-inductive resistance to 
the voltage leads. Let the reading with this new 
connection be w. 

Referring to Figs. 19 and 20 and using the 7 notation, 


tp = ER and t= MZ A 
E rı +juL, a Ta + jwL, 


Vp(r, — JwL) _ Veplte — jwL) 

rt + (wL)? + (wL)? 
Let 7? + (wL)? = Zi and 13+ (wL)? = 23 
Then, component of ¢ in phase with Vp 


Y Y. 
(3 2) 


and component of + 90° out of phase with Vp 


or ip = and 
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+ 


Thus, component of V in phase with Vp From equations (1) and (2) we have 
m1? | VI cos ($ + 6) Z 
E Za) W ZR + Yh Vicos ($ — y) 
and component of V 90° out of phase with Vp E 1 : 2 cos ($ +0) 
= — RvS + T «R(X? + Y?) | cos ($ — p) 
| 7 4 .2/ Let w/W = z. o | 
l r Ta \2 wL, , wl,\2)4 ae E 
Vm Rv +B+4) + (or) p _ cos ġ cos O — sin ¿sind 
R Zi 22 Z, 22 E cos $ cos Ys + sin psiny `- 
= RVp(X? + Y 3 a __ cos — tan ġ sin 0 
where e E de = +3) cos 4 + tan ¢ sin y ] 
1 42 | l cos O — Rey/(X? 4 Y?) cosy 
wl, , wl, A anp sin 8 + Roy (X? + Y*)sing 
and Y= — + — 3 
| Zi Zo j 
*. Vp = V xs + Y3)-i and ip = (X + YJ- 
R ZR 
Also , 
an ome wL,Z3 + wLpZi e RZIZ5 
x ZiZ?z ZiZ2 + 7,RZ3 + r9RZi 


wl, Ze + wlpZt 


(21Z2/R) + 1,22 + 1221 Fic. 21. ` 


Thus a can be calculated for a circuit of which the 


constants are known, and, since Ó = a — y, 0 also can Since 0, ys, R, X and Y are known or can be-calculated, 
be evaluated. ` tan ¢ can be expressed in terms of æ only. By means 
Referring to Fig. 21, this represents the conditions | of this expression tan œ may be determined from the 
when the wattmeter reading is W. two wattmeter readings W and w. 
Let J = main current in circuit. 
V = potential difference across circuit. 
cos @ = power factor of circuit. 
t = current in wattmeter pressure coil. (a) For each value of d only two readings of a very 
y = small phase angle between voltage and accurate standard wattmeter are required 
current in pressure coil. instead of a reading from each of three different 


‘The chief advantages of this method over the usual 
wattmeter, ammeter and voltmeter method are briefly:— 


V instruments, of which the ammeter and volt- 
anon di Z, Icos(p=$) - - - - 9 meter would certainly not be as accurate ás the 

i | standard wattmeter. 
Referring now to Fig. 22, which represents the con- (b) This method gives a direct measurement of tan ¢, 
ditions when the wattmeter reading is w, whereas the usual method gives cos¢. Now 
l w æ tpl cos ($ + 0) | when ¢ is small, (d/dp) tan $ is much greater 


VI than (d/dd) cos ¢ and thus the accuracy with 
a 2=+ | method will be. a great deal higher than 
i zR” EER a the usual method. 
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THE BEHAVIOUR OF OVERHEAD TRANSMISSION LINES IN HIGH "WINDS.* 


By Professor E. H. LAMB, D.S.C., M.Sc. 
(Paper received 24th April, 1928.) 


- SUMMARY. 


In the paper an attempt is made to formulate a theory of 
the swaying of one span of a single overhead transmission line 
due to the action of a transverse wind, on the assumption that 
the “loop” of wire swings as a rigid whole freely suspended at 
its extremities. ae 

The results comprise formulz for calculating (a) the equili- 
brium position of the loop in a steady wind, (b) the maximum 
swing of the loop due to a short gust of known intensity, as 
- well as the rate of decay of the disturbance, and (c) the amount 
of continuous movement likely to be imparted to the loop by 
wind gusts of regular periodicity. 

‘Diagrams are given to facilitate the estimation of these 
quantities and a few numerical examples are worked out by 
way of illustration. 

Some suggestions for experimental investigation of swaying 
are made as a consequence of the form of the dynamical 
equations which occur in the theory. 


The swaying, owing to the effects of high winds, of 
the loop of wire which constitutes one span of an over- 
head transmission line, and the position assumed by 
the loop when the wind is steady, are matters of practical 
interest as determining to some extent the lateral 
spacing of parallel spans, and the author is not aware 
of any published investigation, either theoretical or 
experimental, of the subject. In the following paper an 
attempt is therefore made to formulate a theory of the 
behaviour of a loop, the sag of which is small compared 
with its length, in a horizontal transverse wind, both 
when the latter is steady and also in some simple cases 
of variable wind velocity. As is commonly the case 
where a large number of factors enter into the problem 
it is not possible to include all of these; consequently, 
certain simplifying assumptions have been adopted, as 
for instance that the loop preserves always the same 
form, swinging as a rigid curved bar about its extremities 
from which it is freely suspended; and, again, that the 
instantaneous intensity of wind force upon the wire 
when the relative velocity varies is the same as for a 
constant wind velocity of the same amount. The theory 
given below and the deductions from it do not therefore 
pretend to be in any sense a complete account of all the 
phenomena, but in the author's opinion they are of 
sufficient interest and importance to demand some 
attention; at any rate in the absence of experimental 
results. with which comparisons might be made they 
may possibly suggest a basis for such experiments in 
the future. 

'* The Pa ipen Committee invite written communications (with a view. to 
ublication in the Journal if approved by the Committee) on papers published 
the Journal without being read at a meeting. Communications should reach 


the Secretary. of the Institution not later than one month after publication of 
the paper to which they relate. 


The lateral force exerted by a wind current upon a 
wire is a special case of fluid resistance, the general 


‘law of which has been given by Rayleigh and abundantly 


confirmed by the experimental researches of many 
investigators. This law, which expresses the principle 
of dynamical similarity as applied to the motion of a 
stream of fluid in passing any form of body wholly 
immersed in it, and also to the resistance offered by the 
body, is usually expressed in the form 


F = pL?V*f(VLjv) 


in which p and V are respectively the density’ and 
velocity of the fluid, while v is its kinematic viscosity 
(v = p/p, p being the ordinary coefficient of viscosity), 
Lis a linear dimension of the body and the mathematical 
form of the function f(V.Lfv) is unknown. The values 
assumed by this latter for a considerable range of values 
of the argument can of course be determined experi- 
mentally from measurements of F'; and in experimental 
work upon the resistance of a body of any.given form it 
is usual to adopt this method and either tabulate or plot 
the values of f(VLfv). When these values have been 
obtained for any given form of body, for a sufficient 
range of values of VEfv, the resistances of a body of 
similar form in any fluid for which v is known can be 
computed for the same range of V.Lfv. 

The experiments of Relf and others} on the resistances 
of wires, the diameters of which ranged from 0: 00219 in. 
up to 1-25 in., while the values of logy, VL/v (L being 
the diameter) extended from 1:043 to 4:513, show that 
for diminishing values of Viiv < 100, the correspond- 
ing values of F/(pL*V?) increase rapidly, while for 
100 < VLjv < 30 000 only slight variations in F/(pL?V?) 
occur. Thus over the latter range the force upon a wire 
of given size is very nearly proportional to the square 
of the wind velocity, and it so happens that in all the 
practical instances with which we are here concerned the 
wind velocities and diameter of wire are such that V.Lfv 
lies within this range: 

Suppose, now, that a given sraigh length of wire 
moves with a velocity v in a direction inclined at an angle 
a to the axis of the wire in a wind current of velocity 
V inclined at @ to the axis of the wire. The relative 
transverse velocity of the wind is 


u = V sin 0 — vsin a 


Now in our problem of the swaying of a loop of wire 
due to the action of the wind upon it v will always be 
small in comparison with V sin 0, and since the wind 
force which acts upon a given length of wire is assumed 


+ Advisory Committee for aoe R. and M., No. 102, also Physikalische 
Zeitschrift, 1922, vol. 28, p. 2 
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to be proportional to u? we can write for the wind force | which, on integrating and making the same approxima- 


upon the wire 
F = ku? = k(V*sin® 0— 2vV sin @ sin a) nearly. 


This approximation will be employed throughout the 
subsequent work. 

To give our problem definite form we consider an 
inclined span A B (Fig. 1) of length 2c, the inclination 
of A B to the horizontal being y and the other quantities 
as shown. Taking A B and the vertical centre line of 
the span as axes (oblique) and assuming the form of the 
loop to be a parabola, the equation to the curve of the 
loop is 


in which a is the maximum sag which occurs at the 
middle of the span. We shall further assume, as already 
mentioned, that the loop swings as a rigid curved bar 
freely suspended at A and B, therefore preserving always 
the form given by (1); and to specify its position at any 
instant we require only one co-ordinate O to denote the 
angle which the plane of the loop makes with the vertical 
plane through A B. 

The dynamical equation for the motion of the loop 
is obtained by expressing that the rate of change of the 
angular momentum of the whole loop as it swings about 
the fixed axis A Bis equal to the moment of the external 
forces (i.e., gravity and the wind force) about this line. 
It is necessary therefore to find the total moment of 


Centre of 
span 


Fic. l. 


inertia I of the loop about A B, the total moment of 
gravity M, and the total moment M,, of the wind force 
about A B. Thus if m be the mass per unit length of 
the wire, the first of these quantities is 


` e 
I= mfy? cos? y . de 


—6 


which, on expressing y and s (ds being an element of the 
length of the wire) in terms of x, integrating and omitting 
the 2nd and higher powers of ajc, gives 


I = }ġmac coy . . . . (2) 


Again, the gravity of an element ds when resolved 
normal to the plane of the loop is mg . ds cos y sin O and 
the moment of this about A Bis mg. ds . y cos? y sin 9, 
hence for the whole loop 


e 
M; = my cos? y sin O | y . ds 


-ç 


y = a(l — fje) . . . . (1 


tion as previously, gives 
M, = imgaccos?ysind . . . (3 


To obtain the moment of the wind force we note that the 
transverse velocity u of the wind relative to the wire is 


compounded of the component normal to the plane of 


the loop of the horizontal wind V (assumed to be at 
right angles to the vertical plane through A B) and the 
velocity y0'cos y of the wire itself (where 0” stands for 
d0/dt), hence 

u=Vcos0—y0cosy . . . (9 


and since y@’ will in all cases be small in comparison with 
V cos 0, the moment about A B of the wind force dF 
on an element ds of the wire is i 


y cos y .dF 
= k(V* cos? 9 — 2 yV0' cos O cos y)y cos y . ds approx.. 


in which the constant k is to be given the appropriate 


value from Relf’s experiments. On substitution for y 
and s in this expression in terms of x, integrating between 
the limits + c and omitting as before powers of afc 
higher than the first, we obtain for the total moment 


My = k(3acV? cos y cos? 0 — 33a*c VO’ cos? y cos 8) (5) 
The equation of the motion of the loop is therefore 
rg” = Mw STA M, e . . . (6) 


where 9” stands tor d*0/di?, and I, M, and M, are to be 
expressed as in (2), (3) and (5). Inserting: these and 
dividing out by the coefficient of 0””, we obtain 


5 k 


. V?2cos*0 (1) 
4 ma cosy 


k 5 ; 

6” 4+.2—Vcos 6.6’ +22.2 sin 0 = 
m 4 a 

which, it is to be noticed, does not contain c, and the 


motion of a loop of wire of given size therefore depends 
only upon the wind velocity V, the inclination y and the 
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sag a. The equilibrium position Ô =a in a steady 
wind (V = constant) when the motion of the loop 
——if any—has subsided is given by 
sin a ky? . 

z- = Tr. . +. (8) 
costa mg cos y 


which relation does not contain either a or c.. 

The solution of (8) is readily obtained from the 
graph in Fig. 2, when ‘the quantity on the right-hand 
side has been computed. Thus for a copper wire of 
8 S.W.G. (= 0-16 in. diameter), m = 0-077 lb. and 
Relf’s experiments give k = 5:2 x 1071 (both expressed 
in absolute foot-pound-second units); hence, if we 
assume A B to be horizontal (y = 0) and the wind 
velocity V = 30 miles per hour (44 ft. per sec.), then 
kV?/(mg) = 0-405 and the corresponding equilibrium 
position of the plane of the loop is a = 21°. Similarly 
for a copper wire of 3/0 S.W.G. (0-372 in. diameter), 
m = 0-417 1b.; and hence, assuming y = 0 and V = 30 
miles per hour as before, kV?/(mg) = 0-191 and a = 11°. 

To examine the small motions of the loop about the 
equilibrium position 9 = a in a steady wind V, we write 
in (7) 0=a + ¢, where ¢ is a small angle, and omit 
all terms involving squares and products of ¢, ¢,’ $”, 
etc. The equation then becomes, with the aid of (8), 


4 A , 5 
poraa grrr o 


and is the usual equation of damped oscillatory motion 
which we abbreviate for convenience by writing in the 


form 
p” + 2ef’ +n = 0 (10) 
where E 
kV 5g- 
€ = — cos a d n=-.= 2 
ES and n q os a(l + 2tan*a) (11) 


If n? > el the motion of the loop subsequent upon any 
disturbance is periodic and the solution of (10) is 


$ = Ae—t cos [Vin — ed + Bl . 


in which A and f are arbitrary constants, and the 
period of the oscillation is 

T = 2r[y (n? — e) . (13) 
That there is a very considerable damping effect upon 
the motion is obvious to anyone who has observed care- 
fully the behaviour of such a loop in a high wind. This 
the author fortunately had the opportunity of doing 
during the Easter vacation of 1927, in the case of the 
large overhead spans on the western side of Lake Como. 
The lattice masts carrying the spans are situated 
along the mountain slopes at an altitude of about 600 ft. 
above the lake, and carry 6 parallel wires at a height 
above the ground of about 40 ft., the thickness of the 
wire being in the neighbourhood of 8 to 10 mm. The 
wind at the time was estimated to have a velocity 
between 25 and 30 miles per hour'and was fairly steady, 
the swaying motion of the wires being of very moderate 


(12) 


amplitude, but the rapid decay of the motion following 
every disturbance was very evident. o 
The condition for periodicity given above becomes, on 
inserting the expressions for € and n from (11) and 
substituting for V from (8), i | 


2 
5 Linan ey (14) 
4 tana m 

The graph of the function on the left of (14) is also 
given in Fig. 2; it has a minimum value = 3:54 
at a = 35°15’. Hence for (kacos y)/m < 3:54 the 
motion is always periodic, but if (ka cos y)/m > 3:54 
there is a certain range of values of the wind velccity 
V for which the motion is aperiodic, while outside of 
this range—on either side—it is periodic. For example, 
if (ka cos y)/m = 4, reference to Fig. 2 shows that for 
23° < a < 50° [corresponding to which we find from the 
curve for sin afcos? a that 0-47 < kV?/(mgcos y) < 1:85] 
the motion is aperiodic, and for a > 50° and < 23° 
it is periodic. The point is, however, one of rather 
academic interest, for the experimental values of k 
for smooth round wires are such that for any but 
the very smallest metal wires, and when the sag a is 
of ordinary amount, (ka cos y)/m is always much less 
than 3:54 and the motion will always be oscillatory. 
(It is of course possible that for ‘‘ covered ” or ice- 
coated wires the case may be different.) 

The actual effect of damping in producing decay of 
the motion of the loop after it has been disturbed is 
easily computed in any given case. From the solution (12) 
we obtain at once the usual expression for the ratio A of 
two successive half swings on either side of the equili- 
brium position, which is À = e”:/v(n*—+) whence 


log, A = 7ref y (n? — e?) = v tan (arc sin efn) (15) 
which for small values of efn reduces to 
loge À = zrefn approximately . (16) 
2 2 
Now Da we 08 ¥ RE + 2 tanta (17) 
n m 4 tana 


the numerical value of which in any particular case is 
easily found with the help of the graph in Fig. 2. As an 
example, let us take the case of the span of 8 S.W.G. 
copper wire carried between supports at the same level 
when the wind has a steady speed of 30 miles per hour, 
and assume for the sag a = 10 ft. The equilibrium 
position for this has already been found to be a = 21°, 
i 5 1+2tan“ta 
and the corresponding value of oe 
Fig. 2) is 4:25, also k = 5-2 x 1074 and m = 0:077 
(both in ft.-Ib.-sec. units) from which kafm = 0:0674 
and therefore eĉ/n? = 0-0159, or efn = 0-126. Hence 
by (16) log, A = 0-396, giving A = 1:49, showing that 
each amplitude is approximately two-thirds of the one 
immediately preceding it. In a similar manner we find 
for the span of 3/0 S.W.C. copper wire in a steady wind 
of 30 miles per hour and assuming a sag f 10 feet, 
A = 1-24, or each amplitude is about four-fifths of 


(see 


- the one immediately preceding it. 
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The effect of damping on the period of the motion 
is of no great importance in the present connection; as 
is well known from the theory of vibrations its effects 
are, except fór very large amounts of damping, only 
slight in producing a lengthening of the period, which 
is obvious from the expression (13) above. From (11) 
and (13) we deduce that the ratio of the period T' to the 
period Tọ when there is no wind is 


dl e 1 
To V[(1 + 2 tan? a) cos a} 


the graph of the right-hand member of which is shown 
in Fig. 3. In all cases when efn is small the length of 
the “equivalent simple pendulum” is very nearly egual 
to its value when V = 0, which is za. 

In attempting to form an estimate of the disturbance 
of the loop by gusts, we shall restrict our attention to 
the consideration of the effect upon it of a single gust 
of moderate intensity and of short duration which passes 


(18) 


Graph of 
l 


y [(1+2 tan?) cos or) 


Angle « 
Fic. 3. 


while a wind of otherwise steady velocity V exists, and 
to the resulting small motions about the equilibrium 
position corresponding to V. We assume, therefore, 
that during equilibrium of the loop in the position given 
by (8) a wind gust acts upon it, producing an acceleration 
which increases rapidly from zero to a maximum and 
returns quickly to zero again. Hence we introduce 
a term expressing this acceleration in the right-hand 
side of (10), which now becomes 


$” + 26h’ + nA = it) 


(19) 


and defer for the moment the specification of the form | 
The solution of (19) which satisfies the condi- 


of a(t). 
tion that $ and $’ are both zero for t = — œ [that 
is to say the loop is at rest in the equilibrium position 
given by (8)] is 


t 
$ = > dott inne fet cos nyt . b(é)d 
Ty — 0 
a | t , os. 

" — cos “fm sin nt. poa (20) 
where ny = y(r? — e), provided of course that p( A 
is finite at ¿= — œ. Since we cannot hope to obtain 
more than a general idea of what happens in such cir- 
cumstances when no two occurrences are exactly alike, 


the precise manner in which the accelerative effect of the 
gust varies with the time—that-is the form to be assumed 
for Y (t) —is of no very great importance. We shall there- 
fore assume a form which simplifies the analysis by 
rendering the integrals in (20) tractable when certain 
convenient limits are assigned to them, while still ex- 


pressing the kind of effect described above. Let us 
therefore assume l 
i? | i 
0 = Gee > sa. a RI) 


G being a constant (the dimensions of which are 1/19 
and 7 is a parameter relating to the duration of the gust. 
This. function vanishes for t = — © and ¢=0, and 
has a maximum value e7?%G (= 0-1350) at t=-1, 
and a minimum zero value at ¢=0,* The graph of 
(21) which includes only the effective portion of the 
impulse up to ¿ = 0 is shown in Fig. 4, from which we 


3 
Values of £ 
Fic. 4. 


note that 27 represents what we may term the “ duration 
of the gust.” For ¢ > 0 the function increases rapidly 
without limit, so that we shall make use of the solution 
(20) up to t = 0 only, and investigate the subsequent 


- free motion of the loop, which for ¢ > 0 is given by 


0 
i 1 E 
$ = Leafsin no cos mt . p(t)di 
woe n “he Jee ie 


1 
0 l 
— cos nyt sin nt. poal . (2) 


for this satisfies (10) and agrees with (20) when t = 0. 


The solution of (22) when t) has the form given'in 
(21) is 


$= e sin mt ~ g cos mt). - a 
where 
ee E. do 
= 2G x nee 3n i) and Q an 2G . n(n} 3mi). (24) 
T (min T? (mi + ni) 
and ny = Y (n? — e) as before and ma = € +2f7. 


* The integral value of the. function aisy, a == “7G, which is the messet 
of the total impulse up to t= 0. bib ; 


oe Xk 


as(t)] and putting 
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Since efn is small, the initial amplitude of the motion 
given by the gust is very nearly 


] 2G ] 
poe p2 A SE 
VETO) a at + na 


which on substituting for Mı and n, gives 


ype ot  — 24. č T 
nv P +e) Ant — e (ner? + der + 4)È (25) 


This expression diminishes without limit as 7 increases 
after passing its maximum value, which occurs at 
nt = 4/2 — tefn nearly (when efn is small). In order to 
apply this result (25) to an actual problem it is more 
convenient to compare this initial amplitude of swing 
beyond the statical position of the loop with the addi- 
tional steady deflection which would be produced by a 


= 
n 


ust to 
y wind having velocity 
gus 


cement caused b 
stead i 
mum velocity of 


la 
by 


equal to max 


Ratio of maximum dis 
additional deflection 


steady additional wind, the velocity of which is equal to 
the maximum velocity of the gust. Now this latter 
additional deflection ¢, is obtained from (19) by writing 
e~*@ in place of p(t) [which is the maximum value of 

” = 0 and $ = 0, whence we obtain 


and comparison of this value of fp, with (25) gives 


VRQ) 1 OT z0 
mpr Oem) eo *f utr? + 4(efn)nr 4 458 (26) 


_In Fig. 5 are five different graphs of the function on the 
right of (26) for efn = 0, 0-1, 0-2, 0-3 and 0-4, the 


2T 
abscissee being values of ——~—;——,, , which represents 
w mia (n? — e?) j 


the ratio of the duration of the gust to the half-period 


" Of the free oscillation of the loop. It will be noticed that 


in all cases the maximum deflection ratio occurs when 
27 is a little less than the half-period of the free oscilla- 


tion,* while the maximum ratio diminishes rapidly 
as the damping effect (e/n) increases. In the worst case, 
where efn = 0 and the wind velocity is zero, that is 
when the loop hangs vertically in a still atmosphere and 
is struck by a short gust, the maximum deflection which 
results is rather less than 14 times the steady deflection 
that would be produced by a steady wind having a 
velocity the same as the maximum velocity of the 
gust. 

As an example of the application of the foregoing 
results, let us take the horizontal span of 3/0 S.W.G. 
copper wire previously considered, with a sag of 10 ft. 
and a steady wind current of 30 miles per hour, and let 
us assume that the resistance constant k remains un- 
altered for a fair range of velocities above the value 
just stated. We have already found for this case that 
a = 11° and efn = 0-0675. If a gust having a maxi- 
mum velocity of 60 miles per hour passes the loop, 
a steady wind of this velocity would make kV?/(mg) 


x Mè- 
Fic. 5. . 


= 0-764, corresponding to which we find, from the graph 
of Fig. 2, a, = 33°, and the additional deflection would 
amount to a, — a = 22°. Referring now to Fig. 5, 
we note that the greatest possible deflection (additional) 
is about 1-2 times the additional statical deflection just 
found, or 1-2 x 22 = 26-5” beyond the initial deflec- 
tion of 11%. Subsequent to the passage of the gust the 
loop would oscillate about the equilibrium position 
(a=11°) with rapidly diminishing amplitude, the ratio of 
successive half-amplitudes being A = 1-24 as previously. 
Such numerical results must of course be accepted with 
some reserve; they can only be regarded as first ap- 
proximations, seeing that the theory is based upon 
the assumption of small motions. 

The possibility of regular periodic gusts or fluctuations 
in the wind velocity is perhaps a rather remote one, 
but such are possible under certain conditions in moun- 
tainous country or other very exposed situations, 
periodic eddies being generated in the prevailing wind 
current due to its passage over prominent obstructions 


* The maximum value of the ratio occurs when 2n7 = y (fn? + 8) — efn. 
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such as mountain ridges or cliffs. To obtain an estimate 
of the motion of the loop we write in (19) above 

b(t) = $Q(1 + cos pt). (27) 
so that the equation now represents the motion of the 
loop about its mean equilibrium position a corresponding 


to the steady wind V, when there is a variable accelera- 
tive force due to periodic gusts having a maximum 


a?) (aay 


— 


N 
<q 
+ 

Ze 
e 

SN 
À 

= 

~ 


velocity equal to maximum velocity of gust 


Ratıo of displacement caused by gust to additional displacement in wind 


Ratio of period of gust to free period of loop 


0 2°0 
np- r) 
Fic. 6. 


additional effect equal to G and a period 27/p. The 
solution of the equation for the forced motion is now 


$ = TE + = cos (pt — p} (28) 


where 
R? = (n? — p*)* + 4e%p* and tan B = 2ep/(n* — p°) 


The greatest excursion which the loop makes beyond its 
already inclined position is therefore 


1 1 1 1 l 


Now the additional deflection fp, which would be caused 
by a steady wind having a velocity equal to the maximum 
of the gust is found by writing t = 0 in (27) and ġ” = 0, 
$’ = 0, in the equation (19); whence 


no = 


and the ratio of the deflection (momentary) given by 
(29) to this latter is | 


G(1/n? + 1/R) 


2p, | 
1 
A A E 
i “LPR + lei). Int 2 i 


Portions of six graphs of the function on the right of 
(30) corresponding to efn = 0, 0°05, 0-1, 0-2, 0°3 
and 0-4, are shown in Fig. 6, the abscissx being values 
of (n/p)+/(1 — e*fn?) which is the ratio (Period of 
gusts)/(Free period of loop). The ratio (30) has a 
maximum value 
1 
AAA 


when p*/n? = 1 — 2e?/n?, that is when the period ratio 
just mentioned is 


(np) U — emd = yl (n? — Bn — 28)] 


In the special case of efn = 0, and when there is also 
equality between the period of the gusts and the free 


period of the loop, the amplitudes of the forced motion 
become theoretically infinite; this possibility does not, 
however, exist in reality, for the damping effect only 
vanishes when there is no steady wind (V =0), a 
condition under which regular periodic eddy motion 
cannot be produced. 

To illustrate this theory by a numerical example letus 
again take the horizontalspan of 3/0S.W.G. copper wire, 
withasag of 10 ft., in a steady wind current of 30 miles 
per hour, for which the equilibrium position of the plane 
of the loop has been shown to be a = 11°. Now the 
free period when the loop hangs vertically (V =0)5 
To = 2/79, where ni = ¿g/a; whence To = 3-14 secs. 
From the graph of Fig. 3, corresponding to a= n’, 
we get T/T, = 0:972; hence T = 3-05 secs. Lets 
now suppose that periodic gusts having a maximun 
velocity of 40 miles per hour keep agitating the loop: 
A steady wind of this speed would give a deflection from 
the vertical plane of a, = 18-5°, hence ay — a = 15 ; 
and since at 30 miles per hour the value of efn is 0-067, 
we find from Fig. 6 that in the worst possible case- 


that is synchronism, when the gusts occur at in 
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of 3 secs.—the maximum additional deflection would 


be as much as 5 times the additional deflection a, — a. ` 


Hence accidental coincidence of the two periods would 
give additional deflections of about 40°, or 50° total 
from the vertical plane. It appears, however, from Fig. 6, 
that if the period of the gusts is only slightly greater 
or less than 3 secs., the effects are very much reduced. 
For instance, if the period of the gusts is about 44 secs., 
the maximum deflection from the equilibrium position 
would be only about 1-4 times a, — a, that is 10-5”. 
From the general form of the curves of Fig. 6 it is clear 
that, excepting in the unlikely case of very close agree- 
ment between the two periods, no serious disturbances 
of the loop are probable. 


The foregoing theory and the various deductions from 


it, in view of the somewhat artificial assumptions upon 
which it is based, suggest the desirability of obtaining 
more direct evidence of the behaviour of such loops. 
In this connection it is worthy of note that the general 
equation (7) for the motion of the loop, since it does not 
depend upon the length of the span, will give the same 
motion for all spans having the same slope (y) provided 
that the sag (a) and the diameter and density of the wire 


Vor. 66. 


are also the same. It is probable therefore that useful 
information could be obtained from observation of 
experimental loops:of short span erected in the open, 
preferably on the sites of proposed overhead lines. 

Another possible direction which experiments might 
take is suggested by the fact that the equation of motion 
for a straight (rigid) length of wire when suspended 
freely from one end and in a horizontal wind of velocity 
V is 


kV 3 i 3 kV? 
0” + o cos 6. @’ +3 „$sin 0 = 3 ane cos? 0 (31) 
in which J is the length of the wire and the other symbols 
have the same meanings as for the loop (see Fig. 7). 
Comparing this with (7) in the case y = 0 (that is the 
points of support of the loop are at the same level), we 
see that the two equations are identical if $1 = fa, 
or l = 1:2a. This suggests another experiment which 
can easily be carried out in the open on the site of a 
proposed line, and would give a fair indication of the 
extent of the movements likely to be imparted to a loop 
and hence of the spacing necessary for parallel spans. 
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SOME DEVELOPMENTS IN THE ROUTINE PRESSURE-TESTING OF 
HIGH-VOLTAGE CABLES.* pe | 


By E. A. BEAVIS, B.Sc., Associate Member. 


(Paper received 29th May, 1928.) 


SUMMARY, 

The difficulties experienced in connection with cable-ends 
when testing at high voltages in air are dealt with; and the 
reason for the preliminary sparking at the lead sheath and its 
tendency thereby to produce spark-over is explained. Various 
methods in normal use of overcoming this disadvantage are 
noted and are described in the figures. In particular, a sug- 
gestion is put forward for the use of semi-conducting material 
as a temporary method of attaining greatly improved results 
for ordinary routine testing work. Comparative results are 


Kilovolts (effective) 


_—7 


mn 


CABLE TESTING. | 
The design and construction of super-tension cables 


. to meet the requirements of the increasingly higher 


transmission. voltages necessary in the development of 
the electtical industry brings before the cable maker 
many and varied problems. Not the least of these is 
the general question of testing—both during and after 
manufacture—the condition of the products in the most 
satisfactory manner, to ensure that they are efficient to 
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0 5 10 15 20 25 30 
Distance between conductors, inches 
Fic. 1.—Spark-over voltages for various systems of conductors in air Conductors both insulated. 
Curve (1) a ere 12-5 cm (Peek). 
(II).—Needle gap (Peek). 
` (III).—Parallel wires No. 0 (0:825 cm diam.) (Peek). 


(IV).—Cylinders 2-5 in. long, 2-55 in. diam., 0-15 in. thick (on cable insulation), __ 
$ ).—Cable sample (single-core). Conductor 0-85 in. diam.; lead sheath 2-55 in. diam. 
(VI). —Cable sample (single-core). Conductor 0-504 in. diam.; lead sheath 1-23 in. diam. 


given both in tables and in curves, showing the advantages 
obtained by using semi-conducting carbon paper applied in 
various ways on or over the surface of the cable insulation. 
Theoretical lines-of-force diagrams are shown to explain these 
results and in what manner they are produced, and these are 
supported to some extent by practical measurements. Fusing- 
current tests are given for various samples of the material, 
and in view of these a possibility of the more permanent use 
of the principle is suggested in connection with the installation 
of insulators and bushings, etc. 


* The Papers Committee invite written communications (with a view to 
popliceton in the Journal if approved by the Committee) on papers published 
n the Journal without being read at a meeting. Communications should reach 
the Secretary of the Institution not later than one month after publication 
of the paper to which they relate. 


meet the demands required in service. The differences in 
opinion that are apparent in this matter, as witness the 
conflicting specifications that exist for super-tension 
cable, rather reflect upon our lack of real knowledge in 
connection with much of the science and phenomena 
of high-voltage dielectrics, in spite of the rapid progress 
in this direction of recent years. It is not, however, 
with research and experimental investigation that this 
paper is concerned, but rather with the normal routine 
over-voltage testing that is applied, so to speak, in bulk 
to all high-voltage cables before they leave the factory. 

Standard tests have been prescribed for cables up to 
11 000 V working pressure, and similar tests have been 


THE ROUTINE PRESSURE-TESTING OF HIGH-VOLTAGE CABLES. 


Kilovolts (effective) at 50~ to earth 


0 15 


l 
Length of cable end, inches 


1087 


20 25 30 


Fic. 2.—Variation of cable testing voltage with exposed insulation surface 


(1) (a) Spark-over voltage rapidly applied 
b) To withstand 16-minute tate y 

(I1) (5) Spare over voltage rapidly applied 
i i t. 


o withstand 15-minute test. 
(III) 3-core cable; routine tests in bulk. 


put forward in general for cables of higher voltage up to 
33 000 V on the same basis, i.e. of the order of 2 to 24 
times the working pressure. The test for 11 000-V cable 
is 25 kV for 15 minutes; thus, on this rating, cables 
for 22 000 V and 33 000 V will be tested at 50 kV and 
75 kV respectively, and presumably 66 000-V cable at 
a voltage of 150 kV. Routine testing under these 
circumstances is no longer the simple matter it used 
to be; enormous kVA capacity is necessary to cope with 
a moderate batch of cable drums, and the question of 
space assumes importance in allowing for the long 
cable-ends and connections necessary to avoid the 
possibilities of dangerous flash-overs. Owing to this, 
testing in air under normal conditions becomes inadvis- 
able for cables above 33 kV working pressure, unless 
special preparation is taken with the cable-ends, and so 
for still higher voltages these are usually immersed in 
oil. Such conditions tend to introduce complications 
into the business of routine testing and greatly add to 
the time and expense connected therewith. Any simple 
method that enables these special precautions to be 
dispensed with, and is thereby productive of greater 
facility in dealing with the work, is well worthy of 
consideration from an economic standpoint alone. 
A method of this description has been developed by the 
author and is explained in this paper; it has been most 
thoroughly tried out and found to be of great utility 
in many directions. : | 


SPARK-OVER PHENOMENA. 


The breakdown of dielectrics under electric stress 
forms an interesting field of study for scientific investi- 
gators, and a great deal of useful information has been 
published on this subject during recent years. It is 
only, however, in the cases of liquid and gaseous dielec- 
trics—due no doubt to better homogeneity—that the 
results have been capable to any extent of mathematical 
representation, and then only to a very limited applica- 


0-2 sq. in single-core 66-kV sample. 
0-15 sq. in. single-core 22-kV sample. 


tion with regard to uniform fields and symmetrical 


conductors. The experiments conducted on the break- 
Air & Cable ir 
in series insulation 
; alone 
Cable | 
insulation Conductor 
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Fic. 3.—Lines of force and equipotential surfaces of a cable- 
end. ed. a, 


down of air appear to be productive of the most accurate 
results, and formule have been given for various 
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arrangements of conductors—spheres, parallel wires, 
concentric cylinders, etc.* 

In cases where the electric field is not uniformly 
symmetrical, owing either to the shape of the electrodes 
or to non-homogeneous dielectric, the spark-over function 
is not very adaptable to theoretical treatment and 
recourse must be had entirely to empirical methods. 
The cable-end as prepared for normal testing offers a 


somewhat different proposition: at the abrupt termina- ' 


tion of the lead sheath the lines of force pass through 
two dielectrics of materially different constants, with 


100 


Gradient, in kV per in. 


Kilovolts 
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the effect of capacity tends to make the wave somewhat 
peaky, and this may change to some extent with varia- 
tions in the load on the testing transformer. It is not 
necessary to go very deeply into the subject for practical 
purposes, but owing to these modifications any empirical 
data that are put forward must be considered as being 
of very tentative nature for general application. The 
curves of Fig. 1 show the spark-over voltage for. various 
systems of conductors in air, and, for purposes of com- 
parison, also the surface breakdown voltage over the 
cable insulation, and the actual flash-over voltage of 


Distance along surface from lead sheath, inches 


Fic. 4.—Voltage along surface of cable insulation; 50 kV between conductors. 


(5 Voltage gradient. 


b) Voltage distribution along insulation surface (theoretical diagram). 


a leakage surface between them from conductor to lead. 
The spark-over voltage becomes a complicated function 
depending probably upon the combined influence of a 
number of factors—shape and diameter of conductors, 
thickness and dielectric constants of the insulating 
material, length and condition of the: exposed surface 
insulation, etc., and these considerations make it 
difficult to determine even experimental results with 
any degree of accuracy. In practice the conditions are 
still further modified by the time effect that takes place 
in increasing the voltage, and of course in routine 
cable testing the voltage is maintained for 15 minutes 


or more at One test. With'alternating-current work the 


form factor of the voltage wave is also of importance; 
- * F, W. Peek: “ Dielectric Phenomena in High Voltage Engineering.” 


‘ capabilities of testing cables in air. 


samples of single-conductor cable. These curves apply 
to the case of both conductors insulated; if one of these 
is earthed the configuration of the field is altered to 
some extent, and the values obtained are in general 
slightly lower. It will be observed with cable spark-over 
that, excepting with a very short end, when the field in 
the air is intense owing to the proximity of the con- 
ductors, the voltage falls off with increasing distance 
and a limit is rapidly approached for the economic 
In Fig. 2 results 
are given for various cable samples tested with the lead 
sheath earthed; in the case of 3-core cables the increased 


‘jonization due to the greater number of conductors at 


high voltage reduces the spark-over voltage, and with 
3-phase testing the distance necessary between the 
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cores is the determining factor in the length of end 
required. 

The length of end approximately necessary for the 
normal routine testing of cable in bulk is also shown. 


SURFACE VOLTAGE. 


The reason for the lower breakdown voltage on the 
cable-end, in comparison with the same distance in air 


(2) 
/ 
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Kilovolts (effective) 
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Dista along insulation sae from lead sheath, 


Measured voltage along insulation surface 
"cable end 40in. mea 
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If, when the. air commences to break down, the tension 
is not thereby relieved, instantaneous spark-over will 
follow. With long ends preliminary. sparking takes 
place and the progressive breakdown over the surface 
is demonstrated by the increasing length of the arc 
between the insulation. surface and the lead as the 
voltage is raised. From Fig. 3, which indicates. the 
lines of force between conductor and lead .with and 


el 


40 
ater 


Fic. 5.—Voltage measurements on cable-end (33 kV single-core cable sample). * 
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Fic, 6.—Cable-ends prepared for high-voltage tests. 
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or over a surface alone, can be readily understood from 
the appearance of the lines of force as shown in Fig. 3. 
It will be observed that there is a concentration of the 
lines at the termination of the lead sheath, making the 
flux density at this point very high, and partial break- 
down of the surrounding air will first take place in this 
region unless the proximity of the conductors on a short 
end causes a direct arc-over in the intervening air. 


without the cable dielectric, it will be seen that the 
presence of the paper insulation on the conductor 
increases the stress concentration, the potential gradient 
depending upon the relation of the dielectric constants 
of the two insulating media that are thus in series. 


In Fig. 4 the surface voltage and gradient along the 


insulation are plotted from the approximate theoretical 
diagram, and it will be seen that the gradient at the 
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termination of the lead sheath is excessively high. 
‘Although ‘normally the breakdown strength of air is 
about 54 kV perin., when in contact with’ a surface 
exposed to the accumulation of dirt and moisture it is 
likely to be much lower, possibly as low as 30 kV per in. 
Hence preliminary sparking will probably take place 
at this figure, producing increasing ionization that is 
rapidly conducive to spark-over with an increase of 
voltage. This is demonstrated by actual measurements 
taken on a cable-end and substantiates to some extent 
the nature of the theoretical curves; the surface voltage, 
however, appears to be much lower in the practical case. 
This is partly accounted for by the fact that the equi- 
potential lines suffer a discontinuity at the insulation 
surface, the tangents of the angles at the points of 
contact of the lines on either side of the dividing surface 
being directly proportional to the dielectric constants 
of the two media respectively. The tangential com- 
ponent acting along the surface determines the spark-over 
voltage and this varies as we proceed along the surface, 
decréasing as the equipotential lines tend to approach 
more nearly to the contour of the insulation surface. 
The proximity of the conductor and the fact that surface 
leakage and preliminary sparking are taking place in 
practice, thus tending to make the field more uniform, 
modify the results as compared with the theoretical 
curves where these factors are not considered. Fig. 5 
shows further results of voltage measurements along 
the insulation surface of a cable-end for increasing 
voltages up to the spark-over value. The curves of 
actual spark-over of air (needle points) and cable-ends 
are superimposed for comparison. In order to increase 
the spark-over voltage for a given length of end it is 
necessary to reduce the potential gradient where the 
field is most concentrated, i.e. near the lead, or else to 
immerse the ends in material of greater electric strength, 


The former can be accomplished to some extent by 
altering the shape of the conductors, e.g. by fixing a” 
shaped metallic cone to the lead sheath and rounding ' 


the conductor end. Still greater improvements can be 
achieved by increasing the depth of insulation in a 


honfogeneous manner with material of similar or greater. 


specific inductive tapacity in the form of a taper. 
These methods are illustrated in Fig. 6. Although they 
are necessary for special tests of a prolonged nature at 
high voltage, such as those undertaken on joints and 
cable samples, they are of somewhat too laborious and 


elaborate construction for use in ordinary routine work 


unless absolutely essential. There is another means, 
introduced some time ago by the author and Mr. H. G. 
Wood,* of obtaining much improved results of a tem- 
‘porary nature in a very simple manner that is particu- 
larly applicable and advantageous for ordinary testing 
purposes, as it requires no very special preparation to 
achieve its required objects. 


_SEMI-CONDUCTING MATERIAL, 


The idea consists in the use of semi-conducting material 
which is placed in the vicinity of concentrated flux and 
thereby tends to make the field more uniform, and so 
lessen the potential gradient. In order to accomplish 
this in a satisfactory manner the material needs to be 

* E. A. Bravis and H. G. Woop. Patent No. 290401. 


of fairly consistent nature and uniform surface resist- 
ance, as it passes an appreciable current at the higher 
voltages. In this connection, those substances that 
are of absorbent nature and rely upon the moisture 
content for their partial conductivity are of little use, 
as the discharge current dries them out and flash-over 
takes place after a few minutes. The material that 
has given the best results is composed of finely divided 
carbon in one form or another, preferably incorporated 
in paper during manufacture, such as the type of paper 
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Fic. 7(A).—Lines of force and equipotential surfaces of 
cable-end. 


used for photographic purposes—having a surface 
resistance of the order of a few megohms per squart 
centimetre. It can also be used in the form of a paint 
composed of lamp-black, shellac and spirit in suitable 
proportions, ‘which has been found satisfactory up to 


about 60 kV in practice, but is inadvisable for higher 


voltages on account of its low resistance and the tendency 
of the carbon particles to burn in passing the current. 
The semi-conducting material acts as a leak over the 
insulation surface which it encloses, absorbing a certam 
proportion of the voltage and at the same time making 


- the field in its immediate neighbourhood of uniform 


DW A 0 Ss 


A? 


o 


mature. At the termination of the semi-conductor there 
is a concentration of flux, which, however, is nothing 
like so severe as that normally experienced at the lead . 
sheath when no semi-conducting material is employed. 
This fact is illustrated in Figs. 7 (A) and 7 (B), which 
show the lines of force existing under the new conditions, 
while the resultant potential distribution and gradient 
are given in Fig. 8. It is evident from this that a higher 
voltage is required before preliminary sparking will take 
place at the end of the semi-conductor, and, owing to 
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values obtained for spark-over, using semi-conducting 
material as a surface layer over the dielectric. Although 
.there.is a fairly wide. range.of.surface resistance..values 
for which the material is effective, it will be noted that 
below about 0-1 megohm per cm? it is of little use, 


-and-of course the same applies to too high a value. 


The curves show that, applied in its simplest form as a 
single layer, there is a definite length for the best advan- 
tages to be obtained, and using this particular length the 


Curves for spark-over voltages, corresponding to the 
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Fie. 7 (B) .—Lines of force and equipotential surfaces of cable-end. 


the resistance interposed, it has not the intensity of 
that normally produced. These effects, combined with 
the fact that a greater ratio of voltage is required to 
spark over the remaining shorter length of exposed 
insulation, enable a' given cable-end to withstand a much 
greater voltage when prepared in this manner. The 
results depend upon the nature of the semi-conducting 
material and its length and mode of application to the 
cable-end. Although the actual potential gradient at 
the termination of the semi-conductor should determine 
the spark-over voltage, in practice this is not always 
attained owing to the. preliminary fusing of the material — 
at the higher voltages. The curves in Fig. 9 show the 


cables of Fig. 2, have been taken. These values are 
given in Fig. 10. A comparison of the results indicates 
the enormous improvement obtained for a given length 


. of end, and the saving effected both in cable and in 


general simplicity of operation is very appreciable. 
Table. 1 gives comparative figures dealing with routine 
tests on cable drums in bulk and the possible saving 
and improvement ‘produced. These tests: were taken 
according to specification on cables to various orders 
in the course of manufacture; as they were concerned 
with the same plant operated under identically similar 
conditions they are directly relative in every way. In 
consequence of the improvement achieved by. the use 
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TABLE 1. 
Routine Tests on Cables in Bulk. 


- Required length of cable-end y 
Type and size of cable Testing voltage at 50 cycles | |—AAA VETAT avig 
i Normal With s.c. paper® por 
in. in. 
0-25 sq. in. 3-core 22 kV “H” type .. 50 kV to earth 36 12 4 ít. 
0:2 sq. in. 3-core 22 kV “ H” type iy 40 kV to earth 30 9 = 3ft. 6 in. 
0:15 sq. in. 3-core 22 kV “ H” type T 30 kV to earth 20 8 2 ft. 
0-15 sq. in. 3-core 22 kV belt type ges 50 kV 3-phase 24 18 1 ft. 
0-15 sq. in. 3-core 33 kV “H” type .. 50 kV to earth 30 12 3 ft. 
0-25 sq. in. 3-core 33 kV “ HSL” type .. | 40 kV to earth 30 9 -| 3ft. 6 in. 
0-2 sq. in. single-core 66 kV Dý k 70 kV to earth 36 12 4 ft. 
0-2 sq. in. single-core 66 kV ka Ba 100 kV to earth - 48 24 4 ft. 


* s.c, = semi-conducting. 


TABLE 2, 
Various Experimental Results obtained with Semi-Conducting Material on Cable Samples. 


Length i ; Applied Time of 
Cable sample olend iA Arrangement of semi-conducting material voltage (kV application Remarks 
ras at 60 ~) of voltage 
0-25 sq. in. 22 kV single core 12 4 in. s.c. paper pi T 58 15 min. No spark-over 
0:25 sq. in. 22 kV single core 24 6 in. s.c. paper da hd 80 15 min. No spark-over 
0-25 sq. in. 22 kV single core 30 5 in. and Cone 1 ià stig 100 20 min. No spark-over 
0:25 sq. in. 22 kV single core 30 Cone 2 gi si zi 110 20 sec. Spark-over 
0-15 sq. in. 3-core 22 kV 15 5 in. s.c. paper around 3 cores 100 15 min. No spark-over 
belt type. (3-phase) 
0-15 sq. in. 33 kV single core} 18 Lamp-black paint 9 in. spiral 100 14 min. No spark-over 
with 1-in. gaps. 
0:15 sq. in. 33 kV single core 12 Lamp-black paint, 34 in. layer 70 15 min. No spark-over 
0-25 sq. in. 33 kV single core 12 6 in. s.c. paper ae ws 75 15 min. No spark-over 
0-25 sq. in. 33 kV single core 18 Cone 1 si ii si 95 few sec. Spark-over 
0:25 sq. in. 33 kV single core 24 Cone 1 ; í 100 $ min. Spark-over 
0:25 sq. in. 33 kV single core 24 5 in. s.c. paper and Cone 1. 100 30 min. Cable papers 
i burnt 
0-25 sq. in. 33 kV single core 24 $ in. strip s.ç. paper spiralled 100 203 min. Cable papers 
to conductor end, 1-in. gap burnt 
0-25 sq. in. 33 kV single core 30 4 in. strip to conductor with 100 8 min. | Cone burnt 
no gap. No. 2 cone at lead. 
0:25 sq. in. 33 kV single core 30 1 in. wide strip with gap in- 140 15 sec. Spark-over 
creasing to lin. at conduc- 
tor end. 


0-25 sq. in. 33 kV single core 30 3 in. s.c. paper, ¿ in. strip 160 few sec.’ | Spark-over 
with 1-in. gap to conductor. 
No. 2 cone at lead sheath. 


0-25 sq. in. 33 kV single core 30 Cone 2 T Ka re 130 few sec. Spark-over 
0-2 sq. in. 66 kV single core 24 7 in. s.c. paper P Si 124 few sec. Spark-over 
0-2 sq. in. 66 kV single core 24 7 in. s.c. paper Mice o 8 120 23 min. Spark-over 
0-2 sq. in. 66 kV single core 24 7 in. s.c. paper ka ane 110 16 min. No spark-over 
0-2 sq. in. 66 kV single core 18 5 in. s.c. paper st ee 90 16 min. No spark-over 
0-2 sq. in. 66 kV single core 12 44 in. s.c. paper e Si 66 16 min. No spark-over 


NOTE. —These figures, although possibly of no particular practical value i in themselves, serve to indicate what 
can be accomplished by the use of a semi-conducting surface. 
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of semi-conducting material, a standard end of 12 in. 
length has been adopted in general for all cables tested 
up to 50 kV to earth by single-phase methods. 

The semi-conducting material can be applied equally 
well over the whole or part of the insulation in the form 
of a spiral wrapping with gaps between turns, and’ also 
in the form of a cone extending from the lead sheath. 
In the latter case it is best attached to the inside of a 
cone of press-spahn or paper suitably shaped for the 
size and length of end to be tested. Examples of these 


70 


Probable breakdown radient 


30 n contact with insulat on surface 


Voltage gradient, kV per in. 


Kilovolts 
o) 
© 


10 


e O 
semi-conducting layer 


shape of the curves bearing out the theoretical diagram 
of Fig. 8 in a marked manner. By a suitable combina- 
tion of these methods of applying the semi-conducting 
material, very remarkable tests have been performed, 
some of which are given in Table 2 with indications of 
the methods adopted to attain them (see also Fig. 14). 


SPARK-OVER IN OIL. 
The effect of immersing cable-ends in oil is partly to 


decrease the flux concentration owing to the higher 


ER 
EL 
KUN 


0 2 
Distance from lead sheath, inches 


Fic. 8. —Effccts of semi-contlucting material on surface voltage and gradient. 
(E) Surface sara along insulation. 


Voltage 


that have been used successfully by the author are 
indicated in Fig. 11. Practical measurements of 


voltage distribution over a cable-end employing spiral. 


wrapping are given in Fig. 12, which is directly com- 
parable with those of Fig. 5, as it refers to the same 
cable sample and length of end. In Fig. 13 the results 
on a 33-kV sample for the two: conditions are definitely 
compared at a test value of 70 kV, at which the normal 
end of 40 in. is on the point of sparking-over. 

The same figure also shows measurements on a 66-kV 
sample, with and without semi-conducting material, the 


istribution on insulation surface, 


dielectric constant of the oil, which, combined with the 
much greater electric strength of oil as compared with 
that of air, gives vastly increased spark-over voltages 
for a given length. Under these circumstances the 
advantages to be gained by the use of semi-conducting 
material must be relatively less in proportion to that 
which is possible with the same arrangement in air. 
That there is an appreciable improvement to be obtained 
by its use can be estimated from the curves of Fig. 15, 
which represent comparative tests on different cable 
samples of the same type as those previously used. 


1094 as ' BEAVIS: SOME DEVELOPMENTS IN. : 


(a) 


(6) 


Spark-over voltage, in kilovolts (effective) 


0 2 4 6 8 10 0 . t 6 8 10 | =- O 2 4 6 
ae de Length of semi-conducting material along surface of cable insulation measured from lead sheath, inches 


(C) 


Kilovolts (effective) spark-over 


0 10 - 15. 20 5 
Length of carbon paper, inches Length of cable end, inches 


Fic. 9.—Spark-over voltage of cable samples with various types of semi-conducting material. 


(2) Cable sample 0-25 sq. in. single-core 33 kV. Conductor 0-648 in. diam.; lead sheath 1-59 in. diam. 
E Carbon paper. Surface resistance 0:09 MQ/cm2. 
2) Carbon paper. Surface resistance 7-4 MNf/cm2, 
(3) Various samples of carbon paper; 12 in. end. 
(I) Surface resistance 0-36 MQ/cm2. 
(II) Surface resistance 0:66 MQ/cm?. 
(III) Surface resistance 1-40 MO/cm2. 
ay} Surface resistance 4-00 MN/cm2, 
) Same as ad wound with }-in. gap between turns. 
(VI) Same as (111), wound with }-in. gap between turns. 


(b) Cable sample 0-15 sq. in. single-core 33 kV. Conductor 0-504 in. diam.; lead sheath 1-89 in. diam. sah 


1) Carbon paper. Surface resistance 0-66 MQ/cm2, o. 
2) Carbon paper. Surface'resistance 0-11 MN/cm3. as 
3) Lamp-black paint. Surface resistance 1 MQ/cm? (about). 


(c) Cable sample 0-2 sq. in. single-core 66 kV.. Conductor 0-72 in. diam.; lead sheath 2-29 in. diam. 


(1) Carbon paper. Surface resistance 1-6 MQfcm3. | 
(3) A comparison of spark-over voltages, with and without this carbon paper. 
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The spark-over voltages for surface insulation alone 
and for the needle gap are taken from Peek's book,* 


(effective) 


to earth 


Kilovolts (effective) Kilovolts 
3-phase 


Kilovolts to earth 


l 20 
Length of cable end, inches 


Fic. 10.—Routine cable-testing voltages (15 minutes) obtained 
with semi-conducting material. 


(a) Sample 0-15 sq. in. 3-core “ H ” type 33-kV cable. 

ep Sample 0-16 sq. in. 3-core belt type 22-kV cable. 

c) Comparative results with cables of Fig.2 (carbon paper-surface 
resistance 1-5 MO/cm2). 


and are included to show the falling slope of the cable 
curves in the same way as indicated in Fig. 1 with the 


* Loc. cit. 
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Fic. 12 —Voltage measurements on cable-end with semi-conducting paper. 
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same tests in air. Experiments in oil of this nature 
are difficult to carry out with any degree of accuracy, 
owing to the disruptive effect of the oil breakdown at 
these high voltages, which practically destroys the 


‘cable insulation at each flash-over. 


' FUSING CURRENT OF SEMI-CONDUCTING PAPERS. 


In view of the drop of potential that takes place across 
the semi-conductor, the fusing current for any given 
material, and its time factor, are matters of some 
interest. Here the question of uniformity comes in, 
as the paper is only as good as its weakest cross-section, 
and this no doubt accounts for much of the variations 
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Fic. 11.—Semi-conducting cones. 


present in the tests of the different samples. Results 
have been obtained for both instantaneous and 1-minute 
fusing ‘currents—the latter giving a .more-‘accurate 


-em o Ro 


30; 


Distance along insulation ice from lead feat. inches 


Measured voltage along insulation surface of a 


33-kV single-core cable sample. 
Cable-end 40 in. long. Semi-conducting paper; 4 in. wrapping at lead sheath and ? in. wide spiral to conductor with l-in. gap. 
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Fic. 13.—Voltage measurements on cable-ends. 


(a) Measured voltage along insulation. 66-kV single-core cable sample (18-in. end). 
(b) Measured voltage along insulation surface. 33-kV single-core cable sample (40-in. end). 


indication of the efficiency of the material—and in | It is evident, however, that the question of fusing is 
general the points give an approximate curve (shown in | also concerned with the thickness of the material; the 
Fig. 16) within the limits of the samples available. majority of those used were of the order of about 5 mils 


140 =p 
y Semi tp 
Fusing Currents of Semi-Conducting Papers. 


Fusing current, l-in. strips in air din spik ei é 
on 1-62 in. diameter E 
i ebonite rod * + 
Suites One minute S 
restane 5 
ee E Alter e C: 
Normal TO Voltage current 2 
and dried © 
MQ/cm2 mA : mA mA kV mA = 
0-32 6:5 2:6 3:3 — — 8 
0-40 4-0 1-65 — 14 29-4 z 
0:56 2°6 0-93 — — o — 
0-66 3:0 1-27 — 17 21:9 | 
na r e sel al E ae j ong of cable end, inches ý 
«64 . — — . . e a 
Fic. 14.—Cable spark-over voltage with semi-conducting 
3-6 0:8 0:37 0:83 22 5-2 cones. Cable sample 0-25 sq. in. single-core 33 kV. 
7:4 0:3 0-12 0-18 — — 
7:9 |. 0:65 0-32 | — = _ and were considered to be sufficiently identical for 
15-0 0-2 0:08 E = =s practical purposes. Improved tests have been obtained 


by first immersing the semi-conducting paper in oil, 
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which seems to increase the fusing current and makes 
the material more efficient for time tests. Curves showing 
the fusing currents for different times of application 
have been obtained for a few samples. Some of the 
test-figures are reproduced in Table 3, showing the 
variations obtained on samples of different surface 
resistances. 


INSULATORS AND BUSHINGS. 


The results that have been put forward up to the 
present refer to the use of this semi-conducting material 
in the nature of a temporary expedient for the short 
duration tests that are encountered, principally in 
connection with cable work. It seems possible, however, 
that the principle could be made use of in more permanent 
high-voltage work of an appropriate nature, such as the 


fu 
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Kilovolts (effective) at 50 
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Length of cable end, inches 


Fic. 15.—Spark-over tests in oil. 


(I Surface arc-over (Peek). 
(II) Needle gap (Peek). 
(III ari sample (0- 16 sq. in. single-core, 22 kV). 


Normal en Spark-over with rapidly 
Y With semi- caia paper. applied voltage. 
(IV) Cable sample (0-15 sq. in. single-core, 33 kV). 
(a) Normal end. 


(b) With semi-conducting paper. f 15 minute time tests. 


installation of cable-end and junction boxes, trans- 
former bushings and terminals, and insulators in general. 
It has been shown that the results to be obtained with 
suitable material depend chiefly upon the flux concen- 
tration at the surface of the insulating material, which 
is greatest when there is the greatest divergence between 
the dielectric constants of the two media in series. 

Definite improvement should be effected in the case 
of bushings and insulators of the cable type, in which 
the high-tension lead-through is surrounded by solid 
insulation of high specific inductive capacity, immersed 
in one of somewhat lower value. 

The effects attained will bé less with the oil-filled 
type of insulator, in which the high-tension lead is 


surrounded by oil contained within a shell of porcelain 
or some such material, since the stress is already partially 
reduced by this design. Owing to lack of the necessary 
material, the experiments in connection with insulators 
have been rather restricted, and the results somewhat 
indefinite. This is probably due to the fact that the 
insulators have already been designed with a view to 
equalizing the voltage distribution over the surface and 
so improving the flash-over effect, and hence a semi- 


‘conducting layer will have no further impression, in 


If, however, 


o 0:27M/0./cn? in air 


fact it may probably make matters worse. 
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Fic. 16.—Fusing currents of semi-conducting papers. 


a) Variation of fusing current with time (strips 1 in. wide). 
(6) Variation of fusing current with resistance (strips 1 in. wide in air). 


the matter is taken up in connection with design, jt 
should be possible to decrease the length and size of 
insulators and still maintain the same factor of safety. 
The subject 1 is one that might well be worthy of exploita- 
tion in regard to the design and manufacture of insulators 
and bushings, and as such is to be commended to those 
engaged in this particular branch of electrical work. 

In conclusion the author wishes to express his apprecia- 
tion to Messrs. F. W. Bond and F. S. Shaw of his staff, 
who have-assisted him so ably in the testing and recording 
part of the work. He also wishes to make acknowledg- 
ments to the management of Messrs. Siemens Brothers 
and Co., Ltd., for their kind permission to publish 
various details mentioned herein. 
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PROCEEDINGS OF THE INSTITUTION. 


7741H ORDINARY MEETING, 19TH APRIL, 1928. 
Mr. Archibald Page, President, took the chair at 


The minutes of the Ordinary Meeting held on the 
29th March, 1928, were taken as read and were confirmed 


and signed. 


Messrs. G. Brown and P, G. Ledger were appointed 
scrutineers of the ballot for the election and transfer 
of members, and, at the end of the meeting, the result 
of the ballot was declared as follows :— 


ELECTIONS, 
Associate Members. 


Boyd, William Forbes. 

Craven, Alfred, B.Sc.(Eng.). 

Dillon-Browne, Alan Fred- 
erick, 

Gadkary, Sadashiv 
maran, B.E. 

Harris, Edward Hugh C., 
Captain, R.C.S. 


At- 


Humfress, Eric George, 
B.Sc. (Eng.). 
Landon,Geoftrey Harcourt. 


Naylor, Thomas Bradley. 

Ramsay, Kenneth Matthew 
A. | 

Tench, Frank, M.A. 

Thompson, Douglas Raikes 
W. i 


Graduates. 


Ayres, Talbot Martin. 

Bonell, Arthur William. 

Brown, Frank Leader. 

Buchanan, Joseph. 

Chatterton, Abraham Eyre, 
B.A., B.A.I. 

Das, Sri Charan. 

Davidson, Gavin Hamilton. 

de Souza, Vivian. 

Duncan, Frank Victor W., 
M.C., M.M. 

Ghosh, Provash Chandra. 

Groves, William Albert. 

Gunawardane, Sirinama 
Tillakaratne D. 


Gunn, George. 
Guthrie, Herbert James. 
Hammond, Eric Noel B. 
Hirst, Henry Cecil. 
Holmes, Herbert. 
Long, Thomas Charles. 
MacKinnon, Alexander. 
Mallik, Hrishi Kesh. 
Poulson, Arthur Gilbert B. 
Reay, Donald Barker,B.Sc. 
(Eng.). 
Ross, James Hugh. 
Shannon, William Edward. 
Sherborne, Francis Noble. 
Wilson, Charles Henry. 


Students. ‘ 


Allen, Sydney Wilson. 
Angood, Henry Francis. 
Bates, Joseph Leslie. 
Bavington, Joseph Arthur. 
Baxendale, Roy Richard T. 
Benn, Cecil William. 
Blackledge, Robert Sidney. 
Brownjohn, Royce. 
Bryl, Zygmunt, 
Chandiramani, Mangharam 
Bulchand, B.Sc. 
Comber, Charles ThomasT. 
Cook, Harold Foden, B.Sc. 
(Eng.). 
Craven, Frank Emsley. 
Edwards, John Vernon. 
Falconer, Alexander David. 
Garewal, Kartar Singh. 
Goodyer, Kenneth Samuel. 
Grayrigge, Fletcher. 


Griffiths, George Raymond. 
Gunby, Wilfrid. 

Hall, Robert Arnold. 
Halliday, David. 
Halstead, James Burnett. 
Hancock, Herbert. 
Harker, Richard Allen. 
Hayes, Charles Henry. 
Helm, Leslie Robert D. 
Jensen, Kaj Leo. 

Joneja, Ram Lal. 

Leeson, Donald Chetwode. 


Leigh, Anthony H. Cortez. 


Lemon, Eric Oscar. 
Linton, Arthur Hugh F. 
McCandless, Joseph, B.Sc. 
Megaw, Eric Christopher S. 
Miller, Sydney George. 
Mole, Robert William. 
Moxey, Arthur Gwynne. 


Students—continued. 


Nicholson, John. 

O’Donnell, Terence Pat- 
rick. 

Oldfield, Norman. 


- Pennock, Charles Carrick. 


Perry, Alec Middleton. 

Ross, John, Jun. 

Rozdon, Partap Narayan. 

Rushton, James. 

Rusk, Archibald. 

Scammell, John Edwin R. 

Schumacher, Charles 
George. 

Seager, Arthur Francis. 

Smith, Frank Arthur. 

Smith, Tom Taylor. 


Stafford, Edward Horace. 

Standen, Thomas. 

Stirrat, Alexander Young, 
B.Sc. 

Sunde, Edmund. 

Tabberer, George. 


Tervet, Ernest John. 


Thomas, Frederick John B. 
Watkins, Walter Henry. 


- Webster, Eric. 


Whitehead, Maurice. 
Wild, Richard Stephen. 
Wilson, David. 

Wilson, John Charles. 
Wood, Cyril Alfred. 
Woodhead, Osborne. 


TRANSFERS. 
Associate Member to Member. 


Griffith, William Graham, 
B.Sc. (Eng.). 

Hooper, Henry. 

Marsh, Thomas Edmund.' 


Marshall, Charles William, 
B.Sc. 

Morrell, Edward John. 

Puttick, Harold Walter. 


Rennie, John Cameron, B.Sc. (Eng.). 
Graduate to Associate Member. 


Bennett, Leslie. 
Dunlop, Robert Paterson, 
B.Sc. 

Foden, Arthur. 
Foulkes-Roberts, David 
Swynford, B.Sc. (Eng.). 

Gray, Alfred. 
Higham, John Bellamy J. 


Martyn, James Vivian, 
M.A., B.Sc. 

Neill, Henry James. 

Shearer, George, B.Sc. 


Thompson, Francis Sin- 
clair, Captain R.C.S., 
M.A. 


Valentine, Percy William S. 


Student to Associate Member. 


Grinstead, Leslie. 

Lineker, Alexander Wil- 
liam, B.Sc. 

McDonald, Robert Edgar 
: W. 

McWhirter, Eric Malcolm 
S. 


Mensforth, Thomas, B.Sc. 
(Eng.). 

Morduch,Oscar,B.Sc.(Eng.) 

Nuttall, Branson. 

Rowland, Frank Ernest. 

Voigt, Paul Gustavus A.H., 
B.Sc. (Eng.). 


‘Student to Graduate. 


Abaza, Mohammad Shou- 
kry H. 

Bancroft, George Denton. 

Cockburn, John Alexander. 

Corran, George, B.Eng. 

Dunstan, Frederick Perci- 
val. 

Erskine, Alexander. 

Evans, Edward Stanley. | 

Freeman, Cressy Edward. 

Geis, John Edward. 

Hinnawy, Abdel Magid, 
B.Sc.Tech. 

Jackson, John Clifford. 


Jackson, Sidney Bertram. 

James, Frank Leslie. 

Rhys-Jones, John Emyr. 

St. George, Reginald Gra- 
ham. 

Sclar, David. 

Smith, Leslie Morgan. 
Warrington, Albert Rus- 
sell V. 

Williamson, 
Greenwood. 

Yates, Edward. 

Youdan, Denis. 


Alexander 
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The President : This is a specially interesting occa- 
sion, and, as was to be expected, the presentation of the 
Faraday Medal to Dr. Fleming and the Kelvin Lecture 
by Sir Oliver Lodge have attracted what is probably 
a record attendance. I will ask Dr. Russell to say a few 
words about Dr. Fleming's work. 

Dr. A. Russell : To an audience of electrical engineers 
Dr. Fleming needs little introduction. For many years 
he has been closely connected with the development of 
electric lighting and telephony and of radio communica- 
tion, and in all these branches of applied science he has 
done invaluable pioneering work. He early recognized 
the importance of the Edison effect in incandescent 
lamps, and over 20 years ago his investigations on this 
effect led him to invent the thermionic valve, a device 
which has revolutionized the practice of radio-telegraphy 
all over the world and made radio-telephony possible. 
Dr. Fleming has always been persona grata to this 
Institution. His papers to us are milestones on the 
path of progress. He has written 20 scientific treatises, 
some of which have gone through many editions, and 
nearly 100 learned papers, many of which have become 
classics. He has always been in the front rank, pointing 
out the way. His genius for experimental research has 
rarely been equalled, and as a teacher of electrical 
engineering he has no rival. ` 

The President: In 1921 the Council decided to found 
a Medal to commemorate the 50th anniversary of the 
first Ordinary Meeting of the Society of Telegraph 
Engineers, now the Institution of Electrical Engineers, 
and to name that Medal after Faraday. The Medal is 
awarded not more frequently than once a year, either 
for notable scientific or industrial achievement in elec- 
trical engineering, or for conspicuous service rendered to 


the advancement of electrical science, without restriction | 


as regards nationality, country of residence or member- 
ship of the Institution. In other words, it is given in 
appreciation of world-wide services to electrical science 
and engineering. Since that date a small band of men 
eminent in electrical science or engineering has been 
constituted, and this has now been strengthened by the 
addition of Dr. John Ambrose Fleming, F.R.S., to whom 
the Council a few weeks ago decided to award the 
Faraday Medal for 1928. I think that it will not be out 
of place for me to recall that it is nearly 100 years since 
Faraday made the discovery upon which modern heavy- 
current electrical engineeringis founded. Ata much more 
recent date Dr. Fleming in his turn has, as Dr. Russell 
has mentioned, made a discovery which led to those great 
‘developments in weak-current electrical engineering 
which have been such a notable feature of the past few 
years. In those years facilities for international com- 
munication have been much extended. We can now 


telephone to most European countries as well as to the - 


United States of America and Canada, whilst a week or 
two ago it was possible to hold in this room one half of 
a joint meeting of this Institution and the American 
Institute of Electrical Engineers. In both wire and 
wireless telegraphy equally notable advances have been 
made possible, and this increased facility of intercom- 
munication cannot fail to have a profound effect on 
international politics, industry and social intercourse. 
A good deal might be said under all those headings, but 


we are here to-night to honour a man whose work has 
made these things possible, for everyone will agree that 
it is Dr. Fleming’s invention of the thermionic valve 
which has resulted in these advances. 

The President then, amid applause, presented in 
the name of the Institution the Faraday Medal for 
1928 to Dr. J. A. Fleming, F.R.S. 

Dr. J. A. Fleming : It is not easy for me to express 
in a few sentences and in words that seem at all sufficient 
my deep sense of the honour paid to me by this Institu- 
tion in the award of the Faraday Medal. I confess that 
when the news first reached me it gave me a great. 
surprise because I knew that your choice was not limited 
to a member of this Institution or even to a British 
subject. It is, therefore, all the greater honour, and 
I can only say that I am keenly sensible of it and deeply 
grateful to the Institution. Itis a particularly gratifying 
award to me because a good deal of such scientific ` 
research as I have been able to do was carried out at the 
Royal Institution in the rooms—and some of it on the 
very spot—where Faraday made his great discoveries. 
For many years I associated myself with the late Sir 
James Dewar in researches on the electric and magnetic 
properties of matter at low temperatures. Part of that 
work was done at University College with the assistance 
of some of my old students, and the low-temperature 
work was done at the Royal Institution in a little 
underground back-kitchen where, I think, Faraday 
conducted his researches on magnetism and, I believe, 


- discovered the rotation of a plane of polarized light by 


a magnetic field. In this connection I should like to 
remind members that in October 1931 we shall have 


_ reached the centenary of the date when Faraday made 
- those immortal discoveries to which the President has 


referred and which form the foundation of a great part 
of the work of this Institution. Would not it be suitable 
for this Institution, perhaps in conjunction with the 


| Royal Institution, to hold some ceremonies commemora- 


tive of these great discoveries and their great discoverer ? 
I wish to conclude these few words by thanking the 
Institution again most emphatically and most gratefully 
for the great honour it has done me by placing my name 
on the small list of those who are entitled to call them- 
selves your Faraday Medallists. 

Sir Oliver Lodge, D.Sc., F.R.S., then delivered 
the Nineteenth Kelvin Lecture entitled ‘‘ The Revolution 
in Physics ” (see page 1005). 

Dr. W. H. Eccles: It is my privilege to propose that 
a hearty vote of thanks be accorded to Sir Oliver Lodge 
for his very interesting lecture. In putting such a 
resolution to this audience, there is no need for me to 
emphasize that the electrical profession and the electrical 
industry owe their being to abstract physics—one might 
say to revolutions in abstract physics—at any rate more 
than any other branch of applied science or engineering, 
and therefore Sir Oliver was addressing a very receptive 
audience. I may recall that Faraday himself produced 
a revolution in the abstract physics of his time, and on 
that revolution the heavy-current electrical industry is 
founded. Maxwell, Hertz and Lodge led another 
revolution, which has given us a great branch of electrical 
communication. Radio-activity, X-rays and the electron 
theory of matter are a still later revolution, and have led 
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to industries of considerable importance. Who can 
doubt, therefore, that this new revolution of which we 
have heard to-night will in due course, as Sir Oliver has 
indicated, lead to new fruits, to the discovery of new 


facts and perhaps to new industries? It is certain that: 


the electrical profession and the electrical industry will 
be the first to feel the benefits of this, and will feel them 
most. Sir Oliver was one of the leaders in the great 
revolution which 1 have mentioned and which was 
initiated by Maxwell, so that he, as a revolutionary 
himself, is particularly well qualified to discuss this most 
modern of all revolutions. We are glad to have his 


assurance that there is nothing to be scared about in. 


this type of revolution; in fact, the old-established 
phenomena, the old-established electrical facts, remain as 


firmly established as ever; itis only the way of explaining 
them that has been revolutionized. This new way of 
explaining them will, in its turn, lead to new discoveries 
and then, in order to explain the new discoveries, there 


- will havé to be another revolution, and so it goes on. All 


this has been put before us by Sir Oliver in his own 
charming manner,'and I should like to express, in 
conclusion, our admiration of the energy with which he 
has followed up these very modern branches of abstract 
physics, in addition to expressing our gratitude to him 
for coming here and addressing us this evening. 

The resolution, after being seconded by Mr. W. M. 


_ Mordey, was put to the meeting by the President and 


carried with acclamation. 
The meeting terminated at 7.50 p.m. 


INSTITUTION NOTES. 


Informal Meetings. 


A varied and interesting programme of meetings has 
been arranged and the Informal Meetings Committee 
anticipate even larger attendances than last session. 
They wish to remind the younger members, and particu- 
larly those who have not yet attended any of these 
meetings, that the latter are arranged primarily for them, 
with the object of their gaining experience in public 
speaking and thereby acquiring confidence to take part 
in the discussions on papers at the Ordinary Meetings. 

The proceedings of the Informal Meetings are not 
reported by the Press, and only a brief précis of the 
discussions (prepared by a member of the Committee) 
is sent to the technical journals for publication. 

Full particulars of the meetings will be found on the 
meetings card showing the arrangements for the session. 


Associate Membership Examination Results : 
May, 1928. 


SUPPLEMENTARY Lisr,* 
Passed. 


Campbell, A. J. (New Zealand). 
English, H. (South Africa). 
James, E. E. (New Zealand). 
Kapur, B. R. (India). 

Latta, M. G. (U.S.A.). 

Le Grice, E. W. (South Africa). 
Randhawa, T. S. (India). 
Sirajuddin, A. W. (India). 
Smyth, M. C. J. (India). 
Summers, E. G. (South Africa). 


* See page 906. 
t This list also includes candidates who are exempt from, or who have 


previously passed, a part of the Examination and have now passed in the 
remaining subjects. 


` Moore, A. E. (Manchester) 


Passed Part I only. | 
Richmond, B. M. (New Zealand). > 


- Passed Part II only. 
Quraishi, A. (India). 


The Benevolent Fund. 

_ The following is a list of the Donations and Annual 

Subscriptions received during the period 26 August- 
25 September, 1928:— 

£ 


Y 
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Ahmad, G. A. (Bristol) 
Anonymous... at Se 
Bellamy, L. C. F. (Hong-Kong) 
Brewer, A. E. (Chester) _ 

Brewer, A, E. (Chester) ó 
Cater, F. L. (Iquique, Chile) .. 
Clifford, A. (Nottingham) 

Corkill, W. A. (Penang) 

Eagar, H. C. (London) 

Ford, C. R. (London) .. dd 

Fox, R. C. (London) .. i4 T 
Green, F. W. (Melbourne, Australia) 
Hooker, A. (London) .. yi ; 
Mackenzie, W. A. (London) 


Or 
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Narbeth, C. A. (Nottingham)... 
Oliphant, T. (Shanghai) 

Owen, J. E. (Rugby) 

Rawl, R. H. (Birmingham) 
Rogers, G. (Birmingham) yi 
Walter, C. M. (Birmingham) .. 
Wood, G. W. (Ahwaz, Persia) 
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PRACTICE AND PROGRESS IN COMBUSTION OF COAL AS APPLIED TO 
STEAM GENERATION. 


By F. H. ROSENCRANTS, B.Sc. 


(Paper first received 18th October, and in final form 6th December, 1927; read before THE INSTITUTION 3rd May, before 
the SCOTTISH CENTRE 13th March, before the NoRTE-WESTERN CENTRE 20th M arch, and meee the NORTH-EASTERN 


CENTRE 26th March, 1928.) 


‘SUMMARY. 


This paper consists of a review, expressed in fundamental 
terms, setting forth the past development, the present position 


NOTICE 


Completion of Volume. 


The present issue (No. 383) completes Volume 66 of the 


Journal. 


Binding. 


Binding Cases (83. each, post free) for Volume 66 
(Nos, 372-383) can be obtained from Messrs. E. & F. N, 


Spon, Ltd., 57 Haymarket, London, S.W, 1. 


ence accumulated slowly during the first few years, and 
the knowledge gained thereby was shared by but a very 
limited number of engineers of position and influence. 
two or three years that the 
lge born of experience has 
d to enable any considerable 
t to be brought to bear on the 
d, in consequence, has given 
' ideas—sound ‘and otherwise 
of pulverized-fuel equipment 
ut further contribution it will 
1e relatively small amount of 
ant of chaff, and in the mean- 
7 ideas continues at an increas- 
xsult, of course, will represent 
gh cost, perhaps—but, in the 
is not a period for discourage- 
r the exercise of discretion. 
2 by the attainment of high 
t exhausted. Authentic gross 
xr cent are being obtained in 


If- the Parts constituting the Volume and the Index 
are sent carriage paid to Messrs. Spon. together with a 
remittance of 7s., the case will be supplied and the volume 
bound and returned “to the sender. If the sender resides 
abroad, the cost of returning the bound volume by Parcel 


which leaves but little room 
is still ample scope, however, 
annection with refinements in 
plant layout, with the object 


Post should be added to the remittance. 
November, 1928, 


~~ properly marks the beginning or any widespread interes 
in the subject on the part of engineers. The larger part 


of this interest manifested itself in adverse criticism, but 
the result proved no exception to the saying that “ It 
is much better to be criticized than to be ignored.” 
Several installations followed during the years 1921 to 
1923, among which the River Rouge station of the Ford 
Motor Co., Detroit, the Cahokia station of the Union 
Electric Light and Power Co., St. Louis, and one large 
boiler at the Springdale plant of the West Pennsylvania 
Power Co., Pittsburg, were perhaps the most prominent. 
By virtue of these installations interest was main- 


tained at a high pitch, though progress was slow and > 


most of the comments continued to take the form of 
criticism. It has been during the last four years that 
by far the larger number of pulverized-fuel fired boiler 
installations now operating have been built. 


Experi- 


> reliable and less costly to 
aintain. Such improvements 
but the field is. still fertile. 
'onted are different in different 
> rather wide variation in coal 
student of conditions existing 
on the Continent will come to 
States the large majority of 
th heat value, having a high 
volatile, low ash an oisture contents. True, there 
are notable exceptions, but they are exceptions. In 
Germany a large proportion of the coals utilized for 
steaming purposes are low in volatile matter, in addition 
to which the problem of handling lignite is receiving 
a great deal of attention. In England, the harder 
quality and the high ash and moisture contents of a 
large proportion of the coals utilized present problems 
for special consideration. 

The position of pulverized-fuel firing in relation to 
stoker firing continues debatable and unstable. The 
efficiencies and flexibility attained with pulverized fuel 
from the first have been a source of inspiration to stoker 
designers, with the result that big strides have heen 
made in the improvement of this class of combustion 
equipment. Greatly increased combustion rates per 
square foot of grate surface have been realized. The 


I.E.E. JOURNAL, VoL. 66, No. 383, NOVEMBER 1928. | ; 71 


1102 ROSENCRANTS: PRACTICE AND PROGRESS IN COMBUSTION OF COAL 


control of air supply has been greatly improved. - The 
development of larger sizes has been successfully accom- 
plished, though with increasing size nearly every feature 
of the design becomes more difficult. Expansion, 
heavy loads over long spans, proper air distribution and 
control, are among the problems which increase with 
the size of units, and at best the breakdown hazard 
increases with the multiplicity of parts in the furnace. 


Engineers are rapidly realizing, however, that the 


stoker has been perfected to such a point that it is finding 
its old home furnace an inadequate place in which to 
reside. In the days when engineers were content to 
burn 20 to 26 lb. of coal per sq. ft. of grate with cold air 
supplied in sufficient excess to give a CO, content of 
9 to 11 per cent, furnace walls, arches and grates gave 
but little cause for concern. Present-day conditions, 
however, arising out of the rapid increase in the steam- 
generating capacity of boiler units; the increase in the 
rate of evaporation per sq. ft. of heating surface; the 
growing popularity of flue-gas air preheaters resulting 
from the practice of feed-water heating with steam 
extracted from the main turbine; and the demand for 
the highest attainable efficiency require combustion 
rates of 40 to 50 1b. of coal per sq. ft. with air supplied 
under forced draught at a temperature of anything up 
to 550° F. and with the excess reduced to a point repre- 
sented by a CO, content in the furnace of 13 to 16 per 
cent. The result is furnace troubles, which at the 
moment are becoming acute. Furnace maintenance 
expressed in pence per ton of coal fired has, in one 
instance authoritatively but confidentially reported, 
reached the prohibitive figure of 48d., and in several other 
instances it is known to have exceeded 24d. What is 
more serious than the cost of repairs is the frequent 
periods during which the service of the boiler unit is 
made unavailable through the necessity of furnace 
repairs. In the solution of ‘the problem, water-cooling 
of the refractories as applying both to side and rear 
walls and to arches is receiving the consideration of 
engineers, 

The perfection in combustion with high CO, realized 
from the start with pulverized fuel produced furnace 
temperatures which, coupled with the deposit of molten 
ash on the furnace walls, resulted in heavy maintenance 
expense, and, to-day, water-cooling or steam-cooling of 
combustion chambers has become an all but universally 
acknowledged necessity. That so much progress has been 
made in the development of the pulverized-fuel furnace, 
with so little corresponding improvement in general prac- 
tice as regards stoker furnaces, seems strange when it is 
considered that it was the application of water-cooling 
to stoker furnaces in 1923 that led the way to its general 
adoption for pulverized fuel. The answer is that with 
the low rates of combustion, low CO, and air at boiler- 
room temperature used for combustion, furnace mainten- 
ance was not a serious item. In the United States many 
boilers are now equipped with water-cooled walls, and 
practically all of the larger installations under construc- 
tion include water-cooling of some form and to some 
extent. Up to the moment, activity has not become so 
intense in England, though a few furnaces with water- 
cooled walls are operating and contracts have been 
placed for a small number in addition. It is a 


development which is sure: to make progress—and at 
an accelerated pace. It must be practised with 
discretion, however, as ‘it is possible to overdo the job, 
especially with chain-grate stokers. 

With the rapidity with which progress is taking place 
as applying to both pulverized-fuel firing and stoker 
firing, their relative positions can be nothing other than 
unstable. The competition between them at the moment 
is good for the health of both, and the position at any 
moment offers room for a considerable amount of 
unprejudiced debate. Those, however, who are fully 
informed and unprejudiced will concede a field for each. 
Expressed in broad terms—the small boilers should be 
equipped with stokers, and large boilers with pulverized 
fuel. The greater the number of boilers involved, the 
stronger is the position for pulverized fuel, and vice 
versa. Circumstances such as coal characteristics, coal 
cost, load factor, etc., alter cases, however, and at the 
present time he would be bold indeed who would attempt 
to draw closely the line limiting the field of either. 


SYSTEMS OF PULVERIZED-FUEL FIRING. 


Two systems as applied to boiler plants have become 
well established, namely :— 

(1) The bin-and-feeder system (sometimes referred to 
as the central grinding system), and 

(2) The direct-fired system (sometimes referred to as 
the unit system). 

The bin-and-feeder system is characterized by a 
pulverizer or pulverizers which deliver their product to 
a pulverized-coal storage bin, from which, through the 
medium of suitable feeders, a regulated supply of coal 
is fed to the furnace through burners so applied as to 
proportion and mix the coal with the required air for 
combustion. In the early plants the pulverizers were 
almost invariably grouped together—usually in a separate 


building. There the total requirements of coal for the 


entire boiler plant were pulverized and later distributed 
to the individual bins supplying the several boilers. 
Hence the name—central grinding system. 

There followed plants so arranged that the pulverizers, 
instead of being grouped together, were more closely 
associated with the boiler units and the pulverized 
product was delivered direct to the individual boiler 
bins. This departure upset the significance of the 
designation “ central grinding system ” and it was often 
referred to as the “‘ storage system.” It is only recently 
that this system has become known as the “ bin and 
feeder ” system, a title which is sufficiently descriptive 
and at the same time broad enough to designate the 
system properly in all its forms. | 

The direct-fired system is characterized by a pulver- 
izer or pulverizers which, supplied with a regulated 
feed of raw or coarse coal, deliver the pulverized product 
direct to the furnace through suitable burners. Here, 
again, the designation supersedes the previous inadequate 
title ‘‘ unit system ” applied in the earlier period of 
development when one small pulverizer supplied one 
comparatively small boiler. Reliability and the increas- 
ing size of boilers soon demanded a multiplicity of 
pulverizers. Furthermore, it is not impossible, or, 
indeed, an unknown occurrence to apply the bin-and- 
feeder system on a unit basis, i.e. one pulverizer with its 
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corresponding bin and feeders per boiler unit. The 
designation ** direct-fired system ” is sufficiently descrip- 
tive to avoid any possibility of confusion, and is broad 
enough to cover the system to which it applies in all its 
modifications. As such, it appears to be all that could 
be desired. 


THE BIN-AND-FEEDER SYSTEM. 

An arrangement of plant typical of many now 
operating is indicated in Fig. 1. Reference to this in 
connection with the discussion which follows of the 
various elements entering into the system, will make it 
sufficiently clear to obviate any necessity at this point 
for entering upon lengthy and perhaps tiresome explana- 
tions. We therefore proceed to a discussion of the 
various elements, making no effort to limit the discussion 
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ment that it will handle wet fuel, we lessen the necessity 
for drying. With a system of elements so arranged that 
the coal passes through them in series, however, that 
element which has the minimum moisture-handling 
limit determines the point to which the coal must be 
dried. It becomes apparent, therefore, that if we would 
reduce our drying problem we should direct our atten- 
tion to the improvement of those elements having a low 
moisture-handling limit in order that this limit may be 
raised to equal that of the best element in the system. 
Our ultimate object should be so to perfect the equipment 
in this respect that no drying is necessary. Such a goal 
does not appear to be impossible for the large majority 
of cases. | 

Theoretically, no heat loss results from the drying 
process. The moisture which is in the coal as received 
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Fic. 1.—Bin-and-feeder system. Diagrammatic arrangement typical of plants operating. 


to the type or make of equipment shown in Fig. 1, 
but rather endeavouring to expand sufficiently to give 
a comprehensive view of the field. There is little about 
the raw- or coarse-coal handling plant as applying to 
pulverized fuel to warrant lengthy comment. It 
differs only in that, for the greatest satisfaction in 
handling the coal through the system, the coal should 
‘be screened through about a 2-inch mesh and should be 
passed over a magnetic separator to remove the iron 
which finds its way from various sources into the coal 
supply. While both are advisable, neither is essential. 
We therefore pass on to the outlet from the raw-coal 
bunkers and start our discussion with the subject of 


g. 

Drying and driers.—To utilize wet coal successfully, 
it becomes necessary to dry it to a point such that it 
may be successfully handled through the various elements 
of the system. To the extent that we so design equip- 


must be evaporated either in a drier or in the furnace, 
and approximately the same amount of heat will be 
required in either case. Actually, a loss of heat is 
usually associated with drying prior to feeding the coal 
to the furnace, owing to the inefficient means of applying 
heat in driers as compared with the efficiency of heat 
application in the furnace. In considering the heat 
required to dry coal in a drier, however, it is important : 
that we do not get a distorted view of magnitude by 
failing to consider the amount of heat which would be 
absorbed in the furnace by the moisture in the coal if 
it were not removed by pre-drying. 

Two forms of moisture are recognized, commonly 
designated as free moisture and inherent or hygroscopic 
moisture. The former is that which the coal gives up 
when exposed to atmospheric air, at atmospheric 
temperature. The latter is that which is retained after 
continued exposure to atmospheric air, and it imparts 
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no sensation of wetness. It is well established that the 
harmful influence of moisture on the behaviour of coal 
in the various elements of a pulverized-fuel plant may be 
almost wholly charged to free moisture. It is also well 
established that it is not usually the uniformly distributed 
‘moisture which results in difficulty, but rather a concen- 
tration of moisture resulting from condensation at 
points where the pulverized product comes in. con- 


tact. with inadequately insulated surfaces. It follows, 
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therefore, that the moisture content of a coal expressed 
as a total gives no indication as to the necessity for 
drying or the extent of drying required. Some high- 
grade bituminous coals: carrying as much as 6 to 8 per 
- cent of total moisture may require drying in order to be 
handled with any degree of satisfaction. There are 
deposits of lignite which may'be handled with completé 
satisfaction with as much as 30 per cent moisture.’ To 
‘state intelligently the limiting percentage of moisture 
which may be handled without drying requires experi- 
ence with the coal under consideration or with coal 
closely approaching it in characteristics. In any event, 
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Fie. 2 —Steam-heated rotary seat drier. 


the limit is being raised continually by improvements 
in equipment and in plant design. 

Until a very few years ago, the best-known form of 
drier was the horizontal indirect-fired rotary drier, -of 
which there are many in service for drying coal and other 
materials. Even to-day its ability to function and its 
capacity for drying are better established than is the 
case with any other form. Indeed, the most conspicuous 
feature in the drying field is the number of driers which 
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have been developed and have proved failures. - Unfor- 
tunately, however, the horizontal indirect-fired rotary 
drier, though an acknowledged success as an effective 
drier, is sufficiently handicapped by disadvantages which 
might be.discussed under such headings as space require- 
ments, extra coal-handling equipment and dry coal- 
bunkers required,’ attendance, cost, efficiency and dust 
nuisance, that it has never become popular for power 
station practice in spite of disappointments G 
with other forms. 

It was early recognized that a vertical form of drier 
through which the coal would flow by gravity in response 
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to mill demand was most desirable. Such a unit 
eliminates the necessity for dry-coal handling equipment 
and storage, with consequent danger of bunker fires; 
no extra operating labour is required, and building space 
is provided by the addition of a few feet in height. The 
advantage of the absence of moving parts was also 
recognized. The heat required for the drying process 
with this form of drier was supplied through the medium 
of hot flue-gases after they had left the heat-absorbing 
surfaces of the steam-generating unit, or steam at 
moderate pressure, or a combination of both. Though 
a considerable number of driers answering to the above 
general description have been installed and are operating, 
their history is not a happy one. Inability to obtain a 
uniformly distributed flow of gas in the required volume 
through the coal bed; failure to obtain a uniform flow 
of coal over the full cross-section of the coal stream, with 
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Fic. 3.—Mill system of drying, using hot flue-gas. 


consequent local fires due to overheating; and dust 
nuisance resulting from the fine coal picked up by the 
gas or air in its passage through the coal bed, are some of 
the difficulties experienced. With a nutty coal reason- 
ably free from fines and sufficiently dry to enable it to 
flow freely, the driers operate with fair satisfaction. 
With very fine, wet coal, however, they are a total 
failure. In other words, their ability to function varies 
inversely with the need of it.. As a result, their utility 
is reduced to a very narrow field of application. 

To overcome the obvious limitations of the driers 
above discussed, recent efforts have been devoted to the 
development of steam-heated driers retaining the advan- 
tage of gravity flow but supplementing it with positive 
propelling equipment for ensuring a uniform flow of 
coal through the unit. Fig. 2 is typical of this form of 
drier. A further advantage is that the air circulation 
for carrying away the vapour does not pass through the 
coal, with the result that the dust nuisance present with 
the previous forms is diminished to the point of elimina- 
tion. The functioning of this form of unit promises well 
for its complete success. It has the disadvantage, 
however, of being expensive. 


We may say with confidence that the drying problem 
is on the eve of solution. We may also say that the 
steady progress in the improvements taking place in the 
design of other elements of the system, by virtue of 
which the moisture limit with which the system will deal 
satisfactorily is raised, is such that it now appears that 
by about the time when driers are- perfected they will 
be no longer required in gther than exceptional cases. 

Before leaving the subject, drying by means of the 
admission of hot air or gas into the pulverizer circuit 
merits mention. This system involves the admission of 
hot air from the air preheater or flue gas from the boiler 
outlet into the return air circuit just before it enters 
the pulverizer. The intimacy of contact between the 
air or gas and the coal in the mill results in very rapid 
drying. To the extent that air or gas is admitted into 
the mill, it must be taken out at some other point. This 
is the disadvantage of the system. If hot air is used, 
with proper precautions it may be blown into the furnace. 
If flue gas is used, it may be discharged to the furnace or 
perhaps to the chimney. \ 

Fig. 3 is a diagram of an actual installation using 
flue gas for drying, with test values of temperature in 
degrees F. and of pressures (plus or minus) in inches of 
water at various points in the.system. The following 
set of figures applies to the same test:— | 


3 hrs. 20 
4-29 tons\per hr. 
9 930 cub. (ft. per min. 


Duration of test 

Throughput 

Quantity of gases entering mill 

Quantity of hot gases admitted © 
to return gas pipe .. .. 4600 cub. ft. per min 


ANALYSIS OF SAMPLES TAKEN. 


Raw Coal. 

Moisture— Per cent 
Free .. ae Há e .. 411 
Hygroscopic ae ae -- 5:33 
Total $ o .. 9:44 

Fixed carbon as received jå .. 52:97 

Hydrogen T T Ja .. 3°18 

Ash .. 7 es i .. 22:52 

Pulverized Coal. 

Moisture— 

Free . Ss “a .. 0-00 

Hygroscopic i E .. 4-92 

Total ; ae 4-92 

Removed 4-52 
Screening Cyclone Sample. 

Over 60 mesh .. eae .. 5-41 

Through 60 mesh .. i .. 94-59 

Through 100 mesh .. ade .. 87:78 

Through 200 mesh .. ag .. 67-23 

Dust-catcher Sample. 

Over 60 mesh .. Se es .. 1-23 

Through 60 mesh a4 oa .. 98°77 

Through 100 mesh  .. ws .. 94-90 

Through 200 mesh .. ia .. 92-11 


Pulverizing and pulverizers—The pulverization of 
granular materials was a very old art long before the 
present rapidly-growing movement in the application of 
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pulverized fuel tothe firing of boiler furnaces. As is 
well known, the pulverization of coal has been well 
established in the cement industry for many years. 
Hence the sporadic attempts over the past 30 to 40 
years to apply pulverized fuel to boiler furnaces failed, 
not by reason of the absence of successful pulverizing 
equipment, but through improper application and 
` furnace design. . 

The large majority of installations in the cement 
industry used pulverizers of the screen separation type. 


i y CHUTES COMPLETE WITH 
À NON-RETURN VALVES 


Fic. 4.—Obsolete system of mill piping. 


In this form of pulverizer the coal is continually being 


thrown at an angle against screens having about 16 to 20 
meshes to the linear inch. That which has been pulver- 
ized to the desired degree of fineness passes through the 
screen assisted by a current of air supplied by a fan or 
fans incorporated in the pulverizing unit. The pulverized 
product runs from the unit by gravity and is delivered 
by some form of transporting and elevating equipment 
to storage bins. 

Some pulverizers of the screen separation type are in 
use in boiler plants and have the advantage of low power 
consumption. They possess, however, the inherent 
disadvantage that the coal must be dried down to about 


1-5 per cent moisture in order to avoid plugging the 
openings in the screen. Further, the screen becomes 
damaged and wears out at a sufficiently rapid rate to 
form a source of annoyance and expense. The whole of 
the milling system is under a slight pressure, with the 
result that any leakage results in an outward flow of a 
mixture of coal dust and air into the pulverizing room. 
These disadvantages have been sufficient to discourage 
the extensive use of this type for power station work. 
Screen separation was superseded by air separation, 
and the scheme is adopted: by all leading manufac- 
turers of pulverizing equipment as applied with the bin- 
and-feeder system. The arrangement of plant shown in 
Figs. 1 and 4 is typical of the large majority of plants 


| operating on this system to-day. The air pressures 
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Fic. 5.—Raymond pulverizer. 


(plus and minus) indicated in inches of water in Fig. 4 
are typical only. As will be observed, the air flows in a 
closed circuit; the only interchange of air taking place 
being that which leaks into those parts under vacuum 
and displaces a corresponding amount which -escapes 
through the vent. The chief source of leakage is through 
the coal feed. The total leakage, however, is but a small 
volume per minute. . 

The pulverizer shown in Fig. 5 is epai of mills 
which have found wide application in power-station 
practice. In this the grinding action takes place between 
metal surfaces brought firmly into contact through the 
action of centrifugal force originating from the rotation 
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of the set of suspended rollers about the central axis. 
The rollers, and the ring against which they bear through 
the action of centrifugal force, are the parts most subject 
to wear, and hence are made renewable. 

Separation of the finished product from material in 
process is brought about by the air current which, 
entering the grinding chamber through a series of 
openings extending completely round it, passes up 
through the coal in process and carries away the finished 
product in suspension. The mixture of coal and air 
leaves the pipe connected to the top of the pulverizer 
and passes through the exhauster and on to the cyclone 
separator, from which the coal dust is discharged at the 
bottom. The air returns again to the pulverizer, thus 
completing the circuit. 

Pulverizers of this general description are essentially 
constant-load machines. The three variable factors are 
pulverizer speed, exhauster speed and coal feed. As 
normally operated, however, the pulverizer and exhauster 
speeds are kept constant and the coal feed is adjusted 
to give maximum output. 

Ball mills of the conical or tubular type have, thus far, 
not become popular for pulverizing coal. The inherent 
inability of this type of mill to handle moisture is perhaps 
the chief cause, though the noise associated with their 
operation is also a contributing factor. The energy 
consumption per ton of coal pulverized is not prohibitive, 
though high, and the maintenance cost is lower than for 
any other type. For hard, abrasive fuel, such as anthra- 
cite coal or coke, they are superior to all other pulverizers. 

The principal points to receive consideration in the 
selection of a pulverizer are capacity of unit, energy 
consumption per ton of coal pulverized to a specified 
fineness as applying to a coal of specified characteristics 
and moisture content, maintenance, noise, etc. All 
of these, with the exception of noise, vary with the 
character of the coal and its ash and moisture contents. 
When we consider the widely varying characteristics 
of coal from lignite to anthracite, as well as the variation 
in ash and moisture contents encountered with each 
grade, it is not surprising that guarantees received in 
response to inquiries vary over a wide range. Actual 
experience covering the coal specified is all too often 
not to hand, in the absence of which the manufacturer 
must make deductions as best he can. 

Wear is a factor which, unfortunately, is associated 
with any grinding operation. It is intimately associated 
with the pulverization of coal and varies widely with 
the character of the coal and its ash content. Generally 
speaking, it increases with the hardness of the coal, the 
percentage of ash and the moisture content. The 
presence of abrasives in the coal, of which iron pyrites 
is perhaps the most prevalent, has a large influence. 
Hard anthracite coal probably should not be ground in 
other than a ball mill of the tubular or conical type. 
Metallurgical coke effects an amount of wear approaching 
the prohibitive in any type of mill. 

The-problem is not how to prevent wear but how to 
accept it with the minimum expense. The solution lies 
in a careful selection of materials as applying to wearing 
parts, the proper proportioning of wearing parts, design 
details permitting wearing parts to be readily and 
cheaply renewed, and an arrangement of associated parts 


such that the connecting pipework may be as straight 
and short as possible. Chilled cast iron, heat-treated 
alloy steel and manganese steel thus far have proved to - 
be the best materials for those parts subjected to intense 
wear, and ordinary mild steel of suitable thickness for 
those parts, such as straight pipes, etc., which are sub- 
jected to wear of lesser intensity. Pipe-bends between 
the mill and cyclone should be avoided wherever possible, 
but, where necessary, should be made of cast iron, 
heavy-gauge plate or steel pipe cement-lined. Cyclones 


‘should be lined throughout with renewable plates or 


cement. Exhausters should be on the air side of the 


Fic. 6.—Up-to-date system of mill piping. 


circuit to avoid the severe wear on the impeller which 
takes place when the exhauster handles the mixture of 
coal and air with the plant arranged as in Fig. 4. Fig. 6 
is a modified arrangement with the exhauster properly 
located, and is typical of the arrangement adopted by 
the author for all plants designed since early in 1926. 
Aside from the advantage of avoiding wear on the 
exhauster impeller, the arrangement shown in Fig. 6 
has further advantages. It places all parts of the 
system, except the short length of pipe between the 
exhauster and the mill, under a pressure below that 
of the surrounding atmosphere, with the result that any 
leak which takes place admits air into the system, and 
this air ultimately finds its way out through the vent 
rather than permit coal-laden air to be discharged: into 
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the pulverizing room. It allows advantage to be taken 
of the centrifugal separation of coal dust and air which 
takes place in the exhauster in providing a coal-free air 
at the vent. By virtue of the energy delivered to the 
exhauster, approximately 50 per cent of which is, con- 
verted into heat and delivered to the air handled, the 
temperature of the return air is raised and the trouble 
from condensation minimized. 

Condensation of moisture in the pulverizer circuit is 
a source of annoyance; the prevention of which merits 
consideration. The air circulating in the mill system 
becomes almost immediately saturated with moisture 
absorbed from the coal, the actual amount taken up 


being influenced by the rise in temperature resulting 


from the pulverizing effort. All the energy applied in 
the process is converted into heat, the immediate effect 
of which is to increase the temperature of the air and 
coal in the system. This heat is ultimately dissipated 
not only through the discharge of the pulverized product 
at a temperature higher than that of the raw coal enter- 
ing, through the vent air escaping at a higher tempera- 
ture than that of the air leaking into the system, and 


- through the heat contained in the evaporated moisture 


carried out of the system with the pulverized coal and 
the vent air, but also largely, in the closed system, by 
radiation from the mill, piping and cyclone surfaces. 
The temperature of these surfaces will rise to such a 
‘point above room temperature that equilibrium will be 
established between the amount of heat received through 


the conversion of energy and that radiated into the - 


atmosphere. | 

The temperature is highest at the mill outlet (or at 
the exhauster outlet if the system is arrangéd as in 
Fig. 4). From this point on, cooling takes place by 
radiation. Immediately the temperature in the system 
falls below the dew point, precipitation of moisture 
occurs. In the coal and air pipe and in the cyclone, 
moisture so precipitated is reabsorbed by the pulver- 
ized coal and leaves the system uniformly distributed. 
Temperature reduction and condensation continue 
in the return air pipe. The precipitated moisture is 
absorbed by the very limited amount of coal dust 
present, which becomes saturated and deposits on the 
interior surface of the pipe and in the return air chamber 
of the pulverizer. 

To insulate the entire system results in its temperature 
being raised to such a point that by virtue of the increased 
temperature difference the same amount of heat pene- 
trates the insulation and is radiated to the atmosphere 
as before. Hence the insulation serves no useful purpose. 
We may, however, with advantage, insulate the return 
air pipe from cyclone to mill, leaving the rest of the 
system bare to radiate the heat received at the minimum 
possible temperature. As a result, the temperature of 
the system is raised but little above that of an entirely 
uninsulated system; the insulation on the return air 
pipe effectively limits temperature reduction to a 
minimum, and condensation and its consequent annoy- 
ance is largely, if not wholly, eliminated. If operated 
on the open system, the whole of it should be insulated, 
as the heat received will be carried away by the constant 
circulation of air into and out of the system. | 

Having correctly installed the pulverizing units, their 


proper operation is of prime importance in securing low 
energy consumption, high output and long life of wearing 
parts. The most important factor in this respect is to 
keep the pulverizer properly loaded. Underloading is 
an all too frequent offence. The differential draught as 
measured between mill inlet and outlet by a U-tube 
water gauge gives the proper indication of loading, since 
it shows the resistance of the coal bed in the mill to air 
flow. <A fixed reading of this gauge indicates a definite 
amount of coal in the pulverizer. Hand control of the 
mill feed is a possibility, but automatic control governed 
by the differential draught across the pulverizer should 
form a part of every pulverizing unit. Lubrication, 
periodical inspection and renewal of wearing parts are 
also important, and the manufacturers’ instructions on 
these points should be carefully carried out. 

Pulverized-fuel transport and transporters.—As has been 
indicated already, coal may be pulverized in intimate 
association with the boiler units, or it may be pulverized 
in a separate building isolated from the hoilers. In the 
latter case, some form of transport for the pulverized 
product to the bins serving the boiler units is essential ; 
in the former case it is desirable to the extent of making 
the product of any pulverizer available to any boiler 
unit. l 

Transport systems for pulverized fuel are of two 
general classes, namely, air transport and mechanical 
transport. Two forms of air transport, both using 
compressed air as the carrying and propelling medium, 
are in use, namely, the intermittent or “ shooting ” 
system and the continuous “ pump ” system. 

For power-station service the shooting system is but 
little used. It consists primarily of an airtight tank fitted 
with proper air and coal connections and filled with 
pulverized fuel from the pulverizer or from an inter- 
mediate storage bin, following which compressed air is 
applied and the complete charge blown through a 
connecting pipe line to a bin at the point of consumption. 
In addition to the compressed-air pressure behind the 
coal, a certain amount of compressed air must be injected 
into the coal stream at the point where it leaves the 
tank, to give it the necessary fluid condition to make it 
flow freely. The chief factors which have prevented 
this system from becoming popular for power-station 
service are high energy consumption, its inability to 
handle coal with high moisture content, the dust nuisance 
incidental to disposing of the air in the coal at the 
delivery end, and cost of installation. One of its chief 
virtues is the ease with which a weighing system may be 
incorporated. By placing the tank on suitable scales 
and making the connections to the tank of suitable 
tlexibility, all coal transported may be readily weighed. 

The continuous or pump system (Fig. 7) consists 
essentially of a long steel or cast-iron screw or spiral 
driven at high speed in a cast-iron cylinder or barrrel 
communicating at one end with a source of pulverized 
fuel and discharging at the other end into a pipe line 
connecting with a distant bin at the point of consumption. 
The screw or spiral acts as a feeder and at the same time 
as a seal to prevent the backward flow of compressed 
air injected into the coal at the point where it leaves 
the screw and enters the pipeline. Coal may be delivered 
by this system to any reasonable distance and height. 
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Distances up to 2 000 ft., and heights of over 100 ft., 
have been dealt with successfully. The chief advantage 


of this system is that it permits the preparation plant | 


to be located more or less independently of the lay-out 
of the boiler plant. The disadvantages are high first 
cost, low moisture-handling capacity, high energy 
consumption, and dust nuisance from the bin vents 
arising from the discharge of the air used for transport. 
At the moment there are many examples of this system in 
operation, but with the increasing tendency to arrange 
the mills in close association with the boiler units, it 
seems probable that its use will decrease rather than 
increase. 

Properly designed and constructed, the screw conveyor 
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is the most satisfactory form of transport. The trough 
should be of cast iron with machined joints and with 
a cover so designed that it may be easily put in place 
or removed, and so that when it is put in place it forms 
a dust-tight joint with the top of the trough. The screw 
should be preferably of cast iron with the flights given 
sufficient rake to prevent packing of the coal and the 
ultimate jamming of the screw. For handling wet coal, 
the trough, and preferably the cover also, should be 
lagged to prevent cooling of the warm coal and conse- 
quent condensation of moisture in the contained air. 
Conveyors of this class are normally installed horizon- 
tally, though they will function satisfactorily for deliver- 
ing coal up a moderate incline. The chief advantages 
are low first cost, very low energy consumption, high 
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moisture-handling capacity, freedom from dust nuisance, 
low maintenance, and high degree of reliability. The 
only disadvantages are its lack of adaptability to awk- 
ward layouts, and its limited usefulness as an elevator.. 
With preper lay-outs, however, the disadvantages do not 
arise. 

Pulverized-fuel bins.—By virtue of its position between 
the pulverizing or preparation plant and the boiler, the 
pulverized-fuel bin with its several hours’ supply of 
refined product is a most important safeguard against 
shut-down. With a supply of fuel available which has 
been delivered to the bin via an air current to the cyclone 
separators of the pulverizing system, and from thence 
by the transport system to the bin, we may feel secure 
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Fic. 7.—Fuller-Lehigh transport system. 


against the possibility of a shut-down due to the presence 
of foreign material, in the form of rock, wood, large 
lumps of coal and bits of iron which may exist in the 
raw coal. The preparation plant must deal with the 
fuel in crude form—foreign material and all. The 
equipment is built to stand severe service, but is subject 
to interruption in operation due to breakdown, stoppage 
of feed due to arching of the fuel in the bunker, the 
coal spout and the feed hooper, to jamming of: the feeder 
with foreign material, and to other unforeseen causes. 
Nothing short of a major breakdown requiring many 
hours for repair, however, causes an interruption to 
boiler operation, and even then it does not occur except 
in the plant depending upon only a single unit of 
preparation plant. With more than one unit, the 
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universal practice is to interconnect the various units 
through the pulverized-fuel transport in such a manner 
that all of the preparation units become available to any 
or all of the boiler units. 


Fic. 8.—Bailey feeder. 


The capacity of the pulverized-fuel bin is a matter 
of judgment and compromise: cost, space limitations, 
character of coal and operating routine all play a part. 
A capacity of from 8 to 16 hours’ operation at normal 
rating usually meets all requirements. 

. Bunkers may be constructed of concrete or of steel 
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plates with sides making an angle with the horizontal 
of not less than 60°. One vertical side is an advantage, 
but is not essential if the feeding mechanism incorporates 
a proper agitating device in the bottom of the bunker. 
Bunkers should be thoroughly insulated, including 
the roof, to prevent trouble from condensation arising 
from cooling the air and the warm air-saturated coal. 


. If constructed of steel, the insulation should preferably 


take the form of a lining placed inside in order to secure 
the advantage of protection to the plates against 
corrosion. 

‘Feeders —Having been provided with a bin full of 
pulverized coal, it would seem a simple matter to feed 
the.coal to the furnace via the burners, and, fortunately, 
now that the problem is solved we are able to state that 
such is the case. The development of a thoroughly 
successful feeding unit, however, has not been free from 
disappointments along the way. In addition to the 
usual requirements of accessibility, reliability, etc., to be 
fully successful a feeder should prevent coal from 
arching in the bunker, should be but little affected in 


. Capacity or power consumption by moisture, should feed 


the coal uniformly without pulsation, and must be free 
from dust leakage into the room. 

The screw feeder has definitely outlived its usefulness. 
Its faults are too well known and fully acknowledged to 
merit discussion. It has been superseded, however, by 
feeders which answer in a very practical way the qualifica- 
tions of a successful feeder as enumerated above. Figs. 
8 and 9 are examples of a type which has proved highly 
successful. As will be observed, both are characterized 
by a vertical shaft which rotates the feeder wheel and 
an agitator. The agitator prevents any tendency of the 
coal to arch, keeping the entire volume of coal in motion, 
and ensures a steady flow of coal to the feeder wheel. 

A special feature of Fig. 8 is the so-called fluffer 
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E Frc. 9.—International Combustion pulverized-fuel feeder. 
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wheel superimposed above the feeder wheel but separated 
from it by a steel-plate diaphragm. By virtue of the 
greater axial depth of the fluffer wheel its capacity is 
greater than that of the feeder wheel which it feeds 
through an open sector in the diaphragm plate between 
them, placed at a point diametrically opposite to that 
through which the flufter wheel receives its supply 
through the bottom of the coal bin. The feeder wheel 
under the action of gravity finally delivers its load into 
the current of primary air on its way to the furnace via 
the burner. 

Fig. 9 differs from Fig. 8 in that one relatively large 
feeder wheel, receiving its supply from two diametrically 
located spouts through the bunker ‘bottom, delivers its 
coal to two corresponding outlets displaced from the 
spouts by an angle of approximately 45°. The action 
of gravity in this instance is assisted by a blast of air 
through the wheel pockets when discharging. The air 
supplied from the primary air duct to the chamber above 
the feeder wheel flows under the influence of the differen- 
tial pressures existing between the primary air duct and 
the throat of the Venturi discharge pipe. As arranged, 
Fig. 9 is a duplex unit supplying two independent 
delivery pipes. Shut-off gates are provided, however, 
permitting the operation of either unit independently 
of the other. 

Combustion process.—The rapidity with which the 
process of combustion of pulverized coal may be carried 
out depends upon several factors. The following 
conditions may be stated as representing the ideal :— 


(1) The coal should be reduced to infinite fineness. 

(2) The coal and air should be preheated to the ignition 
temperature of the coal. 

(3) The coal and air should be brought together in 
correct proportions and as a perfect mixture at 
the furnace entrance. That is to say, each atom 
of carbon should enter the furnace intimately 
associated with two atoms of oxygen to burn it 
completely. 


Under these conditions combustion would be instan- 
taneous: the heat liberated per cubic foot of furnace 
volume would be limited only by the rate at which 
combustible mixture could be delivered to it, and the 
furnace volume would be a function of the velocity of 
the mixture to it and of the combustion products from 
it. The time element for combustion to take place would 
not exist. Practically, the ideal conditions can in no 
case be realized, since : 


(1) It is neither practical nor economical to reduce 
coal to infinite fineness. The cost of pulverizing 
equipment, its maintenance, and the cost of 
energy, are all factors which, taken together, 
establish an economic limit of commercial 
fineness. 

(2) The ignition temperature of coal varies with its 
composition, but in no case is it much below 
900° F. Theoretically, there is no reason why 
it could not be heated to this figure, but prac- 
tically it would lead to difficulties in handling, 

- since in most cases the coal would become a 
sticky mass from which gas would be liberated 
in large quantities before reaching that tempera- 


ture. In any event there is little to be gained 
in this direction. The air might conceivably © 
be preheated to the ignition temperature, but 
insulation, expansion, oxidization and cost of 
air-preheater parts and ductwork, are all factors 
which establish a-lower practical limit. Con- 
sidering the imperfection of other factors 
influencing the combustion process, it is probable 
that little is to be gained by preheating the air 
beyond the more practical limit of 400° to 600° F. 

(3) In the absence of infinite or atomic fineness, it is 
impossible to realize the intimacy of association 
of coal and oxygen specified as representing the 
ideal. If we modify our ideal to the extent of 
saying that each small unit of volume, say 
1 cubic inch, should contain air and fuel in correct 
proportions for combustion, realization should 
be approachable. 


Even though the ideals above enumerated cannot 
be realized, they are worthy of consideration and 
indicate the lines along which improvement may be 
sought. ` 

To burn a coal particle of finite size requires time, even 
with all the other factors ideal. The larger the particle 
the greater is the time required to obtain complete 
combustion. It follows from this that the time limit to 
obtain complete combustion of a coal-air mixture under 
otherwise ideal conditions is fixed by the size of the 
largest particle of coal in the mixture. 

It will be evident from the above that though coal 
fineness is usually stated as the amount which will 
pass through sieves having 100 and 200 meshes per 
linear inch, it is equally important that the percentage 
of coal retained on the coarser mesh screens be reduced 
toaminimum. Itis the coarse coal particles which enter 
the boiler tube nest before combustion is complete, and 
which, through becoming chilled and extinguished, are 
deposited in the rear passes of the boiler or pass out 
with the products of combustion as particles of coke. 
These constitute a definite and, in some instances, an 
appreciable loss in efficiency. Under favourable con- 
ditions as regards other factors, the loss may be less 
than 0-5 per cent. With unfavourable conditions, the 
loss may be as high as 4 per cent. 

In the absence of our ideal of infinite fineness, the 
burner or fuel-air mixing device cannot attain the ideal 
set for it. The best it can do is to associate each particle 
of coal with its quota of air or oxygen for combustion. 
At 500° F. temperature, the volume of air required to 
burn a particle of coal completely is roughly 20 000 times 
that of the coal particle, and at a furnace temperature of 
2 500% F. the volume becomes 60000 times as great. 
It is not surprising, therefore, if the time required for a 
particle of coal to search out its quota of oxygen in a 
wilderness of nitrogen and products of combustion 
‘forms an important element in the total time required 
for combustion. The smaller the particle, the less will 
be the number of oxygen atoms which it must seek out, 
and if the burner or mixing device has done its duty 
in closely associating the required number of oxygen 
atoms with each particle of coal at the entrance into the 
furnace, the search will be facilitated and the time 
reduced to a minimum. 
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The sudden and violent expansion of gases caused by' 
combustion creates a high degree of furnace turbulence 
which, with a perfect mixture of fuel and air at the 
burner mouth, leaves little to be desired as an assistant 
to the coal particles in their search for their allotted 
oxygen atoms. With an imperfect mixture, however, 
such as all too often occurs, a burner and -furnace 
arrangement which, through impingement of conflicting 
currents of air and products of combustion, augments 
the condition of furnace turbulence will assist and 
accelerate the bringing together of the coal particles and 
their oxygen allotment, and thereby bring about more 
rapid combustion. 
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Fic. 10.—General arrangement of R-type burm e . 


It is frequently observed that rapid combustion is 
accompanied by high temperatures, and the conclusion 
is sometimes drawn that the rapid combustion is caused 
by high temperature—hence the advocacy of extremely 
high-temperature preheated air. Rapid combustion, 
however, is the result of good mixture derived either 
from a good burner or through furnace turbulence, or 
both, and high furnace temperature results from rapid 
combustion. 

Practical perfection in the combustion of pulverized 
fuel is attained when finely ground coal with a minimum 
of coarse particles is brought at a uniform rate into a 
furnace and perfectly mixed at the entrance with the 


° 


correct amount of air at the highest practical temperature, 
the furnace being so arranged with respect to the burners 
that all portions of the fuel mixture remain in it an 
equal length of time. With such conditions the furnace 
volume for complete combustion at a given rate will be 


.a Minimum, or, conversely, with a given furnace volume 


and a given rate of combustion the loss due to incomplete 
combustion will be a minimum. 

Burners.—The function of the ideal burner, when . 
supplied with pulverized coal and air at a uniform rate 
and in correct proportion, is to deliver a uniform mixture 
of coal and air to the furnace. Up to a limit established 
by the design, it should perform this function at all 
ratings, subject to easy adjustment. It should be un- 
influenced by the external piping arrangement through 
which it receives its supply of coal and air. In the 
interest of low power consumption it should require low 
air pressure. It should be unaffected by the radiant 
heat from the furnace. It should be readily adaptable 
to furnaces of simple design and construction. 

The function of the ideal burner, as described above, 
presupposes furnace construction which will success- 


fully withstand the effect of the high furnace tempera- 


tures realized. The early furnaces built completely of 
refractories would not stand such severe treatment, and 
the burners developed at that time claimed as one of 
their most important virtues their ability to distribute 
the heat in the furnace by delaying the admission of air, 
and hence combustion, at the expense of furnace volume. 
These types have persisted for new installations until 
quite recently. Fig. 1 incorporates a typical arrange- 
ment of burning equipment of this class. 

Improvements in furnace design and construction 
have, however, reached a point such that high localized 
temperatures are no longer a cause for apprehension, and 
hence burners have been developed with the highest rates 
of combustion as their objective. Most of these contem- 
plate a thorough mixture of the fuel with the whole of 
the combustion air at the point of entrance into the 
furnace. In addition, some attempt to secure a furnace 
turbulence. Fig. 10 is a typical example. 

Another form of burner arrangement contemplates 
securing practically all the mixing of coal and air through 
furnace turbulence by admitting air and coal through 
more or less independent ports at the four corners of the 
furnace. Coal and air pipes at each corner are directed 
tangentially on to the periphery of an imaginary circle 
in the centre of the furnace. Fig. 11 shows the general 
idea. 

Furnaces.—Much has.been learned about practical 
furnace construction for pulverized coal in the past few 
years, and improvements are still going on. We have 
arrived at the point, however, where we may correctly 
say that the furnace is no longer the weak link in the 
chain. 

The early installations for burning pulverized coal 
under steam boilers had solid refractory-walled furnaces 
which were merely an adaptation of stoker furnaces of 
the time. Serious difficulties were encountered due to 
slagging of the ash and the rapid erosion of the firebrick 
walls. The furnace temperature was such that the ash 
fused and was present in the furnace atmosphere as a 
molten mist. Part of the mist collected in drops and 
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rained down to the furnace floor, where it cooled into 


a solid glass-hard slag. Another portion, through flame 
impingement, sprayed on to the refractory walls and 
either ran down as liquid slag or solidified and adhered 
in large masses to the brickwork, depending upon 
whether the temperature of the wall was higher or lower 
than the fusion point of the ash. Such portion as ran 
down rapidly eroded the brickwork, and the molten 
mixture of ash and firebrick finally came to rest either 
at the base of the wall or at some point higher up where 
the temperature was below its fusion point. 

To minimize the destruction of the refractory, furnaces 
were made extremely large in an effort to get the wall 
away from the flame. For the same reason, turbulence 
of the furnace gases was limited to the minimum, at the 
sacrifice of rapidity of combustion, even in that portion 
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and the refractory was a prime cáuse of the trouble, and 
the variation in ash composition as applying to various 
coals was so great as to render the solution most difficult. 
The failure to reach a satisfactory solution along this 
line diverted the minds of engineers into other directions. 

In 1923, the original installation of the now well-known 
Murray fin-wall furnace construction as applied to three 
retort-type stoker-fired boiler furnaces at the Hell Gate 
station of the United Electric Light and Power Co., 
New York City, went into commercial operation. The 
successful operation of this installation drew the atten- 
tion of a large body of engineers, but opinion was by no 
means unanimous as to the virtue of this construction 
for pulverized-fuel furnaces, many feeling that the 
cooling effect of the walls would result in poor combustion. 

At about the same time the Cecil plant of the Alle- 
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Fic. 11.—Plan of furnace, showing scheme of turbulent combustion. 


A = Primary air and coal inlet pipes. 


of the furnace which was actively utilized. The water 


‘screen across the bottom of the furnace, by creating a 


cool zone, effectively overcame the slagging difficulty 
arising from the falling ash, by causing it to solidify 
before it was deposited. It did not give relief, however, 
from the slag formation on the refractory walls. With 
increasing size of steam-generating units and the tendency 
to operate them at higher rates of evaporation per 
Square foot of surface, furnace dimensions rapidly 
reached embarrassing proportions. To obtain furnace 
walls of the required mechanical strength to prevent 
collapse, and at the same time provide for expansion, 
became serious problems confronting the designer. 
Hollow walls cooled by the air of combustion gave some 
relief, but erosion was still serious, and with the introduc- 
Efforts 
to produce at reasonable cost refractories that would 
resist the action of the molten ash met with but small 
success. The chemical action between the molten ash 


B = Secondary air inlet boxes, 


gheny Steam Heating Co. went into operation with a 
large boiler fired with pulverized fuel. The side and 
rear walls were protected with vertical 4-in. tubes placed 
in front of the brickwork and connected into headers at 
the top and bottom, the whole being connected into the 
boiler circulation. The protection afforded the brick- 
work is good, but it also affords secure lodgment for the 
solidified slag. This will be true of any design which 
exposes the refractory. 

Simultaneously with the installation of the Cecil plant 
several small boiler furnaces at the Sherman Creek 
plant of the United Electric Light and Power Co. were 
equipped with Murray fin-tube furnaces for pulverized 
fuel. The cooling effect of these tubes proved to be 
but little, if at all, injurious to combustion, and resulted 
in an order for a Murray fin-tube furnace being placed 
for one of eight large boilers in operation with pulverized 
fuel at the Cahokia station of the Union Electric Light 


and Power Co., St. Louis, where serious trouble was being 
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experienced from brickwork erosion and slagging. 
This furnace went into operation in 1925 and its success 
was followed by a wide adoption of this form of con- 
struction in the United States, France, Germany, 
England, and many other countries. 

In the meantime, many other forms of water-cooling 
for furnace walls have been developed, among which 
may be mentioned the Foster wall as developed by the 
Power Specialty Co. and the Bailey wall as developed 
by the Bailey Meter Co. In the operation of a com- 
pletely water-cooled wall, ash is deposited in molten 
form but, as a result of contraction upon cooling, adheres 
very loosely to the metal face. With further accumula- 
tion the strength of the bond is insufficient to support 
the load and a patch scales off and falls to the ash 
hopper. This process goes on continuously, giving a side 
wall-surface composed of a multitude of ash islands 
intermingled with irregularly shaped bare patches of 
metal. 

Steam-cooling of furnace walls should also be men- 
tioned, in view of the considerable number of installations 
of radiant-heat superheaters. As usually applied, they 
occupy a section of the furnace wall and are formed of 
a system of hollow forged-steel elements connected in 
parallel into headers at each end, through which the 
steam from the boiler drum is passed. The elements 
placed side by side form a continuous wall and are 
exposed to the furnace temperature. 

The ‘interior of the 1 390-1b. pressure boiler, normally 
rated at 240 000 lb. per hour, as installed by Mr. John 
Anderson at the Lakeside plant of the Milwaukee 


Electric Railway and Light Co., is shown in the lan- | 


tern slide. The primary superheaters occupy the two 
side walls completely; the reheat or low-pressure 
superheater makes up the entire rear wall; the front 
wall is made of fin tubes and the ash hopper is protected 
by the usual water screen. 

Fundamentally, the application -of steam-cooling and 
water-cooling has become so well established that, except 
for very limited sections of wall, refractory construction 
for pulverized-fuel furnaces may be considered obsolete. 
An exception should be made to this statement for the 


case in which a fuel having a very low volatile content, . 


such as anthracite or coke, is to be burned. In such a 
case the reverberatory effect of incandescent walls is 
at least desirable, if not essential, to maintain proper 
combustion. 

The development of water-cooled walls has been 
brought about with remarkably little trouble. No 
accident of serious consequence has occurred. Experi- 
ence, however, has dictated the need for discretion in 
the proper proportioning of water downtakes and steam 
risers and their connections into the boiler circulating 
system. Suitable and adequate blow-down connections 
must be provided. Bends must be to a sufficiently large 
radius to permit the passage of tube cleaners, and removal 
and replacement must be provided for. 

The extent to which water-cooling may be applied to 
a furnace is practically without limitation for the usual 
run of bituminous coal. The minimum rating at which 
a boiler may be run with satisfaction is somewhat higher 
than is the case for a refractory-lined furnace, and the 
loss due to unburned carbon in the fiue dust will be 


higher by a fraction of 1 per cent, but neither is serious. 
For coals of low volatile content, discretion in the 
extent of water-cooling is necessary and a certain amount 


of incandescent surface is desirable, if not essential. 


Preheated air, which with the refractory furnace proved 
a liability, is an asset with the water-cooled furnace, 
as it promotes quick ignition and increases furnace 
temperature, thereby compensating in some degree for 
the heat absorbed by the cooling surface. 

Tube failures are less, if anything, in the boiler with 
water-cooled furnace than in the boiler with refractory 
furnace. The reason for this lies in the cooler furnace, 
and, though more surface is exposed to furnace heat, the 
stress imposed upon any element of heating surface is 
less than applies to the lower row of boiler tubes of the 
boiler equipped with refractory furnace. Furthermore, 
the thermal head as applying to the water screen and 
side-wall cooling elements is so much greater than that 
applying to the boiler tubes that the increased rate of 
circulation adds to the’ protection of such surface. 

The modern plant.—Ií we define a modern plant as 
one built in accordance with up-to-date thought, we 
are forced to the admission that there are no modern 
bin-and-feeder systems of pulverized-fuel plants in 
operation, nor has such a plant been possible with the 
rapid progress in thought as applied to the same. It 
takes the best part of 18 months or 2 years to express 
present ideas in iron, steel and other material as required 
to build a boiler plant. Plants are contracted for in 
accordance with a set of clearly defined, fixed ideas for 
completion in a given time, and to fulfil the obligation 
requires that the plan be rigidly adhered to. Two 
years, however, is a long time in a new industry— 
sufficient for the origination of many ideas as affecting 
both detail refinements and fundamental features of 
equipment and plant arrangement. It follows, there- 
fore, that the plant in process of design and construction 
is obsolete in many of its features upon completion, and 
that so long as there is substantial progress in thought 
as applying to such plants, the only really modern plants 
are those in the proposition stage on the draughting 
board. 

Fig. 12.is an example of a modern pulverized-fuel 
plant. A study of the design and arrangement, in 
conjunction with the text, will reveal that it incorporates 
most of the features recommended. Some sacrifices’ 
have been made in the arrangement, in order to show the 
relationship of equipment more clearly, and in an actual 
installation the piping may be simplified and space 
requirements reduced. It will be observed that the 
assembly is fundamentally on a unit basis, i.e. beginning 
with the raw-coal bunker one boiler unit is served by 


¡ one pulverizer, one pulverized-fuel bin, and one battery of 
| feeders and burners. 


The furnace has been simplified 
by the elimination of the suspended arch. Drying 1s 
carried out in the pulverizer itself with hot air from the 
air preheater; the pulverizing system at all points is at 
a pressure below that of the atmosphere, ensuring no 
outward leakage of coal-laden air; all air withdrawn 
from the pulverizing system is utilized as primary air 
and passed direct to the furnace, thus obviating any 
possible dust nuisance through the venting of dust-laden 
air to the atmosphere. Through the interconnection 
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provided by the screw conveyors, “the excess capacity | Through a by-pass properly equipped with dampers, 


of any pulverizer over and above the requirements of 
the boiler unit which it supplies may be transferred to 
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preheated air may be supplied to the primary air fan 
without passing through the pulverizing system ; thus 
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Fic. 12.—Cross-section of modern pulverized-fuel fired boiler plant. 


the bin of a neighbouring boiler. Thus there stands 
between the breakdown of any pulverizer and a shut- 
down of the boiler unit which it serves, the coal in the 
bin at the time of breakdown plus any excess capacity 
of neighbouring pulverizers serving other boilers. 


it is possible to operate the boiler with the pulverizer 
unit out of operation without inconvenience or sacrifice, 
and the pulverizer need be operated at full capacity for 
only such period of the day as is necessary to supply 
the 24-hour requirements of the boiler. 
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"THE DIRECT-FIRED SYSTEM. 


The appeal of the direct-fired system of piven 
fuel is based primarily upon simplicity and low first- 
cost, and for small boiler units the pulverized-fuel field 
"is conceded to it without argument. In addition, space 
limitations will often dictate a decision in its favour, as 
it is more compact and hence more easily adapted to 
close quarters. 


The system consists esšentially of a pulverizer, which 


is placed in front of the boiler under the raw-coal bunker - 


substantially as used for stoker practice, a burner and 
a furnace, and there are no driers, pulverized-fuel 
transport, pulverized-fuel bins, pulverized-fuel feeders, 
etc., with which to contend. 


In view of the bad light 


direct-fired than with the bin-and-feeder system, due, 
no doubt, to the fact that so large a proportion of the 
direct-fired installations are in connection with small 
boilers furnishing steam to industrial plants for a limited 
number of hours per day, and hence do not justify the 
expense of the most reliable modern construction. The 
mistake should not be made, however, of considering 


the saving in cost a virtue of the direct-fired system. 


The pulverizer is the all-important element in the 
direct-fired system, in fact the only element interposed 
between the raw-coal bunker and the burner. It incor- 
porates the feeder and deals with the raw coal direct, 
with all its variable conditions of size, moisture and ash 


content, in addition to such foreign material as may 
find its way into the coal. 


On it, therefore, rests the 


Fic. 13.—High-speed impact mill with direct-firing service. 


- in which this comparison places the bin-and-feeder 
system, the inquiring mind raises the question: “By 
what virtue has the bin-and-feeder systemmade so much 
progress in competition ?'” That there must be im- 
portant considerations in its favour to offset its disad- 
vantages, or that there must be some important disad- 
vantages associated with the direct-fred system, is 
indicated by a consideration of the fact that the direct- 
fired system was old previous to the bin-and-feeder 
system becoming popular. 

It seems almost unnecessary to state that the Reais 
for the direct-fired system should receive the same 
careful consideration as for the bin-and-feeder system. 
Economy in construction can be made at the same 
sacrifice in durability and reliability with either system. 
The heat of a pulverized-fuel flame is no respecter of 
systems, and attacks the furnace lining with the same 
vigour, regardless of what system is responsible for its 


production. Itis a fact, however, that cheap, inadequate — 


furnaces are more often found associated with the 


entire responsibility for the moment-to-moment operation 
of the boiler unit. 

The type of pulverizer used for direct firing is almost 
invariably the high-speed beater type, of which Fig. 13 
is typical, in that the coal is pulverized by the impact 
of the particles, first against the rapidly moving beater 
elements and next against the interior of the pulverizer 
housing. No crushing action between metallic surfaces 
takes place. The pulverizers are invariably swept by an 
air current which enters usually at the coal-feed end and 
issues through the fan at the discharge, carrying the 
finished product in suspension. From the fan the 
coal-air mixture flows direct to the burner. 

A large number of pulverizers, varying greatly in detail 
but answering to the above description, are available. 
All, including the poorest and the best, have certain 


fundamental characteristics in common, from which the 


disadvantages of the direct-fired system. arise. The 
following is an enumeration of some of the more 


important :— 
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(1) The power consumption is equal to that required 
to drive the unit at no load, plus a variable 
factor increasing with the output. — 

(2) The capacity is affected by the character of the 
fuel and its moisture content. 

(3) The pulverized product varies in fineness with 


output—the greater the output the coarser is . 


the product. 

(4) All have a maximum output, beyond which, if 

_ the rate of feed is increased, the unit chokes and 

ceases to function. | 

(5) All are subject to wear, which, as it continues, 
results in a decrease in maximum capacity and 
in a coarser product at any given output. 

(6) All have the characteristic inherent in high-speed 
machines subjected to severe service, of being 
subject to breakdown without notice. 


In choosing a pulverizing unit where one unit per 
boiler is contemplated, its capacity should he such that 
with the worst anticipated conditions of coal supply 
and moisture content its output with the pulverizing 
elements worn to a point requiring replacement should 
be equivalent to the maximum contemplated output of 
the boiler unit. 
its capacity should be somewhat in excess of this, 
particularly if the capacity of the pulverizer when 
operating with the particular coal under consideration 
is not known with accuracy, as is so frequently the case. 
Such a pulverizer operating under favourable conditions 
with unworn beater elements has a large excess capacity 
—the secret of satisfactory operation—though obtained 
at high first-cost and a sacrifice of energy for pulverizing. 

The hazard of interruption to service incidental to an 
unforeseen breakdown, momentary failure of feed from 
any Cause such as arching or sticking of the coal in the 
bunker, coal spout or feed hopper, or by jamming of 
the feeder with foreign material such as iron, wood, etc., 
may be largely overcome by the installation of a multi- 
plicity of units which, for the maximum of reliability, 
- should include one spare unit to be operated only under 
adverse conditions of coal supply or in case of break- 
down of any unit. Such provision, however, contem- 
plates under normal conditions an idle ulverizer and 
burner unit. As usually designed, an idle burner 
requires a liberal flow of air through it to protect it from 
the radiant heat of the furnace, a requirement accom- 
panied by some loss in efficiency. 

Combustion in the pulverized-fuel furnace is essentially 
an instantaneous process, so nearly so that for any 
momentary variation in the ratio of fuel to air entering 
the furnace there can be no compensation. Uniformity 
of air supply through the unit is easily obtained. 
Corresponding uniformity of coal feed, however, is most 
difficult, in fact well-nigh impossible, owing to variation 
in size and the effect of moisture content. To the 
extent that a variation in coal feed takes place, a loss 
in efficiency results. o 

The loss due to unburned carbon in the flue dust 
increases with the rate of combustion in the furnace, a 
condition which is aggravated in the direct-fired system 
by the fact that the pulverizers are operating at their 
maximum output under such conditions and therefore 
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For flexibility at maximum boiler load : 


supply coal of the maximum coarseness. This result 
is further aggravated as the pulverizing elements 
become worn. 

The maximum power consumption for operating the 
pulverizing equipment must necessarily coincide with 
the peak load on the station—a matter of importance in 
stations nearing their capacity limit at peak load. 

-It was with the object of overcoming the above dis- 
advantages that the idea was conceived of interposing 
a storage bin with feeders between the pulverizing 
units and the furnace. It was argued that by its 
introduction continuity of boiler operation would be 
made independent of minor pulverizer breakdowns or 
momentary failure or variation in coal feed ; the pulver- 
izers could be operated at full output and need be of 
only such capacity that when so operated they would 
produce the 24-hour requirements of the boiler in a 


. period of perhaps 16 hours or less; ‘the pulverizing 


problems arising from variation in coal characteristics, 
moisture content, etc., could be dealt with without in 
any way affecting boiler operation; the pulverized 
product would be of uniform fineness for all rates of 
firing; spare pulverizing equipment, in place of being 
required for éach individual boiler unit, could be fur- 
nished to better advantage for the boiler plant as a whole ; 
in case of the plant being loaded to capacity under 
peak-load conditions the pulverizing equipment could 
be shut down and the peak load carried on stored fuel ; 
a uniform flow of pulverized coal to the furnace could 
be more easily attained. The arguments were all sound 
then and still are—a fact concerning which there is little 
dispute. Complications and cost of installation, together 
with unforeseerr operating disadvantages associated with 
plants built and operating, however, are such as to have 
given rise to argument as to whether the advantages 
gained justify the disadvantages. A number of engineers 


‘whose experience and judgment demand that their 


opinions be treated with respect, subscribe to the negative 
view and are acting accordingly. Up to the moment 
there is but little accumulated experience with the 
direct-fired system applied on a large scale ; the operation 
of such plants, therefore, as are now under construction 
will be followed with great interest. 

The lower moisture-handling limit of the bin-and- 
feeder system, with the consequent necessity for drying, 
has contributed largely to the high cost and complications 


‘connected with the system. The space required for 


drying-equipment led to the necessity, or at least the 


desirability, of a separate pulverizing or preparation 


plant, which in turn required transport equipment for 
delivering the pulverized product to the boiler plant. 
Dust nuisances originating in the pulverizer vents, the 
discharge from driers, and the vents from pulverized-fuel 
bins receiving coal by air transport, were not foreseen. 
All, however, are contributing factors to the reaction 
which, to a limited extent, is at present taking place in 
favour of the direct-fired system. The author, however, 
submits that the virtues of the bin-and-feeder system 
are such as are not to be lightly discarded, and justify 
a serious effort to overcome the system’s disadvantages. 
He is further convinced that, without in any way going 
outside the field of accumulated experience, it is now 
possible to construct plants which will retain these 
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advantages and at the same time rival the direct-fired 
system for simplicity: of installation and first-cost. 
Such plants, in fact, are now under design. For the 
large-sized boiler, and particularly. for the large-sized 
boiler plant, the first cost will normally be but little 
more, and will frequently be less. For the small-sized 
“boiler, however, the direct fired system has the advantage. 

To the author, the adoption of the direct-fired system 
for large units, with its inherent disadvantages for which 
there is no cure, seems a retrograde step. It would 
appear that the greater hope of ultimate perfection lies 
in retaining the admitted virtues of the bin-and-feeder 
system and overcoming its admitted but curable vices. 
The next few years should demonstrate the soundness 
or otherwise of such opinion. 

In the meantime: Fig. 14, which shows the number 


surface, have brought a flood of new problems before 
designers of stoker equipment and stoker furnaces. 
Reverting to only a few years ago, stokers were required 
to burn only 20 to 30 1b. of coal per square foot with air 
supplied at atmospheric temperature in such excess as 
to produce a CO, content of perhaps 9 to'11 per cent. 


- To-day it is by no means unusual for a combustion rate 


of 40 to 501b. of coal per square foot per hour to be — 
required with air supplied at temperatures up to 500° F. 
and with the excess limited to a point represented by 
a CO, content of 13 to 16 per cent. Fundamentally, the 
problem has been met by the application of forced 
draught to obtain the increased combustion rate and 
perfected air control to obtain the higher CO,. The 
associated problems, however, are calling for the most 
careful consideration. 
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Fic. 14.—Curves showing number of boilers in United States and Canada equipped for pulverized-fuel firing on bin-and 
feeder system and for direct firing, and their capacities in pounds of steam per hour. Compiled from statistics given 
in Pulverized Fuel Becton of Prime Movers Committee Report, National Electric Light ssn On: 1926-27. 


and capacity “of boilers in the United States and 
Canada equipped for the bin-and-feeder and direct- 
fired systems of pulverized-fuel firing, is of interest. 
These curves include all boilers operating and under 
construction in the spring of 1927, and have been compiled 
from statistics contained in the pulverized-fuel section 
of the Prime Movers’ Report for 1926-27 of the National 
Electric Light Association. | 


TRAVELLING-GRATE STOKERS AND STOKER 
| FURNACES. 


The demand for higher and higher efficiency, the 
adoption of multi-stage steam extraction from the main 
turbines for feed-water heating, with consequent increas- 
ing popularity of high-temperature air preheating, and 
the rapid increase in the capacity of boiler units designed 
for a high rate of evaporation per square foot of heating 


With induced draught the absence of any obstruction 
below the grate surface permitted the fine coal and 
sifted ash to fall directly into suitable hoppers. The 
application. of forced draught, however, necessitates 
that the space between the upper and lower runs of the 
grate be utilized as a pressure chamber, from which the 
air supplied by the forced- -draught fan flows through 
the grate, The construction is further complicated by 
the addition of compartment partitions, dampers, etc., or 
other means for controlling and directing, the air to the 
fuel bed as required tọ obtain most efficient combustion 
conditions. Such construction is unavoidable but, in 
turn, necessitates either means for removing the fine coal 
and ash siftings or a design of grate which prevents such 
material from sifting through. The latter, of course, 
is to be preferred. 

The use of highly preheated air and high rates of 
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combustion has brought about further stoker-design 
problems. The cooling effect of the combustion air is, 
of course, neutralized to just the extent. that it is 
preheated, and the higher. furnace temperature due 
to the highly preheated air, the higher combustion 
rates and the low excess of air supplied, results in an 
increased heat absorption and higher grate temperatures. 
The effect is to aggravate all the old troubles due to 
expansion, growth of grate elements with consequent 
closure of air space, fusion of ash on grate surface, and 
weakening of elements subjected to mechanical stress. 

The solutions of these problems are different for 
different designs of stokers, but fundamental lines of 
attack may be laid down which are sound for all cases. 
They are as follows :— 


(1) By increasing. the weight of the. grate surface per 
square foot the temperature-rise for a given 
heat absorption will be decreased. 

(2) Expansion difficulties may be. minimized by 


dividing the surface up into small independent 
elements which may expand without in any way 


interfering with adjacent elements. 
(3) Cast iron subjected repeatedly to high temperature 
will grow, and, to the extent that dependence is 


placed on the space between. adjacent elements’ 


for air flow, compensation for casting growth 
must be made. 


(4) To dislodge fused ash which tends to bridge 


between adjacent grate elements and thereby 


obstruct the air ports, the design should provide. 


for 4 positive relative movement of such elements. 
(5) To overcome the difficulty of mechanical weakness 


brought about by high temperature, mechanical- 
unit stresses should be reduced and, if possible, ' 
transferred from the grate elements to parts not 


exposed to furnace temperature. 


A stoker incorporating all of these principles is difficult 
of realization, but to the extent that they are realized 


they are proving very successful in practice. 

From a survey of the field, it would seem that so much 
attention has been directed to the improvement of the 
stoker that the furnace has been overlooked, with the 
result that furnace maintenance is becoming all but 
prohibitive, both from the viewpoint of cost and of 


outage time of the boiler unit necessitated for. repairs.. 


Higher gas velocities through the fuel bed and the 
furnace result, in the first instance, in a considerable 
volume of coal and ash particles being entrained in the 
combustion gases, and, in the second instance, in an 
aggravated condition of slag deposit on the furnace 
walls and arches and a consequent erosion of brickwork 
similar in nature to that which takes place in a refractory- 
lined pulverized-fuel furnace. The higher furnace 
temperature resulting from the high rates of combustion, 
preheated air and low excess air, further accelerates the 
work of destruction. The slag deposit on the sidé walls 
runs down to the ‘grate line, where it is cooled and 
Solidified by the air admitted for combustion. In this 
position it disturbs the fuel bed, and it is necessary, 
therefore, to: remove it by slicing, with consequent damage 
“to brickwork. In some instances arches last weeks 
* Where formerly they lasted months. 


Fully developed solutions thus far have not been 
applied, but progress. is slowly being made. Water- 
cooling of both side and rear walls and of arches is 
receiving attention, but it has been proved that such 
means must be used with discretion if combustion is not 
to be seriously interfered with., Water boxes inserted 
in the side walls, so located as to provide a completely 
water-cooled wall from the grate level upwards for a 
distance of perhaps 10 inches, have proved very bene- 
ficial, in that a dead line is formed for the solidified slag 
at a point sufficiently above the grate line to prevent its 
interfering in any way with the fuel bed. These water 
boxes are connected into the boiler circulation and form 
a part of the heat-absorbing surface. Water-cooling of 
the side and rear walls is being applied extensively in the 
United States to furnaces recently built and now under 
construction. It has been proved by experience, how- 
ever, that a high degree of incandescence must be 
retained, and therefore the cooling is taking the form of 
tubes spaced on wide centres either in front of or enclosed 
in. the brickwork. 

Thus far no great progress has been made in the 
protection of the.arch brick. Air injection over the fire 
and under the.arch has been applied with some success, 
and some progress has been made with water-cooling, 
but: the influence of the arch on combustion demands 
that it be maintained in a highly incandescent state, 


and its protection by cooling becomes therefore a 


delicate operation. It seems reasonable to suppose, 


‘however, that a. temperature. something below the 
‘melting:..point should meet requirements and that 


cobdling-mediums discreetly and skilfully applied should 
therefore be successful. 
= In the construction of arches and furnaces thus far 


‘built, sufficient recognition does not appear to have been 


given to the large increase in volume of combustion gases 
incidental to the higher ` rates of combustion. To 


- accommodate this increase in volume, generally speaking, 


the arch should be built higher. With the arch set 
higher the protection of the fuel bed from the cooling 
effect of the boiler surface requires that the boiler be set 
higher and that the arch be built longer or, alternatively, 
that a rear arch should be so built as to supplement the 
radiated heat to the fuel bed supplied by the front 
arch. 

The lower the. arch and the higher the rate of combus- 
tion, the more liberally is the arch brick sprayed with 
molten slag mist which, in combination with the gas at 
high temperature and high velocity, rapidly erodes it 
away. The ultimate successful design represents from the 
points of view of combustion and durability a skilful 
compromise of conflicting factors. The problem is 
further complicated by the wide variation in burning 
characteristics of fuels available for stoker firing. Ash 
and moisture content, volatile matter, coking character- 
istics, etc., all have an effect which, in the aggregate, 
make the universal furnace still a dream of the future. 

' Fig. 15 represents a suggested solution, many features 
of which have been proved out, either here or abroad. 
The stoker design follows closely the ideal lines suggested 
above, and the furnace construction and. cooling system 
have been proved ọut in sufficient of their features to 
suggest the probability of success. Assuming its success, 
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is the cost justified and can the stoker be sold in compe- 
tition, or can equivalent results be secured in some other 
way and at lower cost? These are questions of com- 
mercial importance which are thus far unanswered. 

Retort-type stokers.—In the United States the retort 
type of stoker has fulfilled a very definite demand and 
has been developed to a high state of efficiency, from both 
a combustion and a mechanical point of view. How- 
ever, it has not become popular in England owing very 
largely to the absence of conditions similar to those 
which produced the demand in the United States. 


St. Louis, Omaha and, generally speaking, those cities 
utilizing coals from Illinois, Indiana, Iowa, Missouri 


and neighbouring States, the situation is almost com- 
pletely reversed. The coal from these districts is, 


relative to the Eastern coals, high in ash content, is 


non-coking, and has a heat value. of from 10 500 to 
12 500 B.Th.U. Furthermore, the fusion point of the 
ash is relatively low. The high ash content with low 
fusion point renders the coal unsuitable for use on the 
retort-type stokers. On the other hand, the high ash 
content protects the travelling-grate stoker and, by 
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Fic. 15.—Modern design of travelling-grate stoker with water-cooled furnace. 


The fuel supply for the Eastern part of the United 


States is made up largely of coals such as Pocahontas 


and New River, having an ash content of 3 to 5 per 
cent, a heat value of over 14 000 B.Th.U., and with free 
burning and distinctly coking characteristics—a very 
high-grade fuel but very difficult to handle at high rates 
of combustion on a travelling-grate stoker, both as 
regards combustion and, particularly, stoker and arch 
maintenance. This fuel, however, burns well on retort- 
type stokers, which, as a result, have monopolized the 
field in this section of the country. About the only 
exceptions are a few scattered travelling-grate stoker 
installations for utilizing anthracite coal. 

In the: Middle West, including the cities of Chicago, 


reason of the non-coking characteristics of the coal, it 
burns well on this type of grate. The continuous ash 


discharge of the travelling grate gives it a distinct. 


advantage over the retort-type stoker. 

It is true that there are a few installations of retort- 
type stokers in the Middle West burning the low-grade, 
high-ash fuel referred to. In the early designs a section 
of dump grate was provided for the lower end of the 
stoker next to the bridge wall, on which the ash accumu- 
lated and was dumped intermittently. In some instances 
the dumping is done by hand, and in others by power 
operation. With low-ash coals this arrangement was 


permissible, and many stokers so designed are still being : 


installed for such service. For high-ash coals, however,’ 
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the development of a continuous system of discharge 
oí ash became essential and the development of so-called 
power-operated clinker grinders is the result of this 


necessity. The development of this equipment has been | 


sufficiently perfected to be finding favour for installations 
using low-ash coal, particularly where the stokers are 
installed for high rating. 

To operate a retort-type stoker properly with clinker- 
grinding equipment at high ratings when utilizing coal 
having a high ash content and a low fusion point, 
requires a high degree of skill born of experience. The 
distribution of air to the various parts of the grate and 
to the clinker-grinding pit to ensure properly burning 
out the carbon requires careful supervision. The ash 
fuses into very large clinkers and includes in the fused 
mass considerable quantities of carbon which it is 
impossible to burn out. The speed of the clinker grinder 
must be carefully regulated to maintain the level of the 
ash in the grinding pit within the proper limits estab- 
lished by experience. The furnace with this type of 
stoker contains a very large amount of fuel as compared 
with the travelling grate. The maintenance of the cast- 
iron parts of the stoker is very largely a matter of 
maintaining the fuel bed and the ash in the clinker pit 
in proper form and condition. Adequate adjustments 
for this have been perfected, including air controls, 
relative motion of the various rams for feeding and 
stoking the fuel bed, and speed adjustment as applying 
to the clinker grinder. With expert operation excellent 
results may be obtained. Furthermore, with expert 
operation such results may be obtained with a wide range 
of fuels. These stokers have the advantage, also, of 
requiring no furnace arches. At high ratings, however, 
furnace maintenance as applying to the front wall over 
the stoker, the side walls, and the bridge wall at the 
ash discharge, assumes serious proportions. To over- 
come this a great deal has been done by way of air 
admission through perforated refractory blocks supplied 
with air from the forced-draught fan, and more 
recently by the extensive application of water-cool- 
ing. Maintenance, also, resulting from the burning 
of stoker parts, usually heaviest at the lower end of 
the stoker, may easily become prohibitive with unskilled 
operation. 

While admitting the excellent results obtained with 
this form of stoker, the author does not foresee for 
English fuels as utilized for steam generation any 
considerable competition with the travelling-grate unit 
as now being rapidly developed and perfected. 


THE ASH PROBLEM. 


Ash has no great virtue as a content of fuel for any 
purpose. To a limited extent it provides protection for 
the exposed grate as applying to travelling-grate units, 
but beyond a limited amount it becomes a distinct 
detriment, even in this instance. He will be a real 
benefactor, indeed, who develops means for extracting 
the ash from fuel before its utilization in combustion 
processes. From authentic sources it is learned that 
only from a minimum of 2 to a maximum of about 
7 per cent of the ash included in coals utilized for steam 
generation is actually present as an inherent part of the 


coal. The remainder, bringing the total ash content to 
as high as 25 and even 30 per cent, is present as free 
non-combustible mineral matter. Some considerable 
attention, it is understood, is now being given in an 
effort to separate this free ash from the coal before its 
utilization. A successful commercial process would be 
of the greatest value. 

As applying to coal used in the process of steam 
generation, the effect of ash is fundamentally the same 
whether it be used on stokers or in pulverized form. . 
Apart from the cost of transporting it from the mines 
to the plant, it reduces capacity and increases wear in 
the pulverizing plant; in molten form it erodes the 
refractories in either a pulverized-fuel or a stoker 
furnace; it aggravates “ bird-nesting ” in the first pass 
of the boiler; it fouls up the heating surface, thereby 
reducing its rate of heat absorption, and increases 
draught resistance; it erodes the metal surfaces of 
economizers, air preheaters, duct work, and induced- 
draught fans, particularly where travelling at high 
velocity ; and finally, to the extent that it is discharged 
from the chimney, it pollutes the atmosphere, and such 
as settles in the immediate vicinity becomes a nuisance 
to the neighbours. Apart from the above, the removal 
of the ash and clinkers from the combustion chamber, 
as applying either to stokers or to pulverized fuel under 
the worst conditions, becomes a problem of considerable 
dimensions. 

The answer to the erosive action of the ash slag on 
the furnace walls has been found in the application of 
water-cooling. To overcome the difficulty experienced 
from “‘ bird-nesting’’ the area of tubes exposed in the 
first pass of the boiler should be made the maximum 
possible, in order that the gases entering the pass may 
approach with the lowest possible velocity, thereby 
giving the ash suspended in the gases the maximum 
opportunity of being cooled below their fusion point 
before entering the tube nest. The lower the fusion 
point of the ash, the greater is the importance of this 
feature of design. To minimize the effect of ash-dust 
accumulation on heat-absorbing surfaces, steam soot- 
blowers are being widely used. 

Thus far the action of ash erosion on the metal surfaces 
of the economizers, air preheaters, ducts and fans—the 
points subjected to the gas at high velocity—is a problem 
which has not been attacked. It would appear that the 
logical solution is the removal of the ash from the 
products of combustion at the point where they issue 
from the boiler. Such a solution would still be second 
best to the removal of the ash before combustion. Gas. 
velocities, however, are relatively slow throygh the 
boiler itself, and hence the erosive action has not become 
serious. Attention is being given to the possibility of 
ash removal at the boiler outlet and experiments are 
being made, but thus far no equipment has been 
installed. 

Several forms of equipment are on the market for 
the removal of ash dust at a point between the induced- 
draught fan and the stack. To the extent that these 
are successful, they of course remove the nuisance due to 
the distribution of dust, which would otherwise arise 
from the chimney. | 

That the nuisance ariging from ash discharge from 
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the stack has not assumed the same proportions 
in the United States as in. England is due to three 
causes :— 


(1) Generally speaking, the coals utilized for steam 
generation carry a much lower percentage of 
ash, namely, from 3 to 9 per cent. There are 
some instances in which this figure is exceeded, 
but they are exceptions. 

(2) Chimneys as a rule are built very much higher, 
a height below 200 ft. being exceptional and up 
to 350 ft. not unusual, with some few instances 
up to 400ft. For plants of high capacity 
located in congested territory such stacks have 
much to recommend them, as apart from the 
nuisance arising from the concentrated deposit 
of dust resulting from a low stack, the pollution 
of the atmosphere with the very large volume 
of combustion gases becomes a very distinct 
menace to the property close at hand. While 
high stacks cannot be considered to be the final 


answer to the dust nuisance, the wide distribu- 


tion of the dust discharged which they effect, or, 


conversely, the concentration of ash deposit 

which they prevent, justifies their construction. 

(3) The -greater dryness of the atmosphere in the 

United States results in the combustion gases, 

with their contained dust, rising from the stacks 

and travelling to great distances, whereas in 

England atmospheric conditions are such that 

for a: large proportion of time the gases, par- 

ticularly from low stacks, fall to the ground 
within a short distance from the plant. 


The further development of ash-removal equipment 
is by all means to be encouraged, as such removal may 
properly be regarded as the ultimate solution of the 
problem. As: applying to plants of large capacity, 
however, the author feels that high stacks should receive 
the most serious consideration, as a means both of over- 
coming dust nuisance and of dissipating the large volume 
of combustion gases. 


DISCUSSION BEFORE THE INSTITUTION, 3RD May, 1928. 


Mr. R. A. Chattock : I quite agree with the author 
that for small boilers the stoker-firing system is probably 


best, but in all large power stations we are coming to the: 


use of very large boilers that will evaporate from 200 000 
to 400 000 Ib. of steam per hour, and for those boilers 
we are obliged to adopt some system of pulverized fuel 
or liquid fuel that we can conveniently control and use 
without the liability to breakdown and the necessity for 
shutting down for repairs to the mechanical stokers that 
we used to employ. The stoker is really limited to a 
boiler of about 40 000 Ib. an hour. Stokers are certainly 
fitted to larger boilers, but in such cases several stoker 


units have to be used, and the consequent difficulties. 


become more accentuated as the size of the boiler grows. 
The author has referred to the fact that stoker practice 
is becoming more complicated and more costly, and I 


agree with him, but of course by spending more on the 


stoker one can get a better efficiency and a higher CO, 
content in the gases. As regards the pulverized-fuel 


equipment of these boilers, the paper really contrasts. 


what is called the bin-and-feeder system with the direct- 
fired or unit system. My own experience has prompted 
me to develop the latter system, as a result not only of 
operating difficulties but of the higher cost incurred in 
establishing the bin-and-feeder system in a boiler house. 
With a bin-and-feeder system it is necessary to dry the 
coal in some way, and, as the author has explained, the 
original method was by a rotary kiln drier, which is a 
separately fired drier and practically eliminates all the 


moisture in the coal. That is a very expensive piece of . 


apparatus and is, moreover, cumbersome and requires a 
great deal of attention. When the coal has been dried 
it has to be conveyed to a bunker over the pulverizer 
mills. That requirement of conveying the dry coal 
creates another difficulty because, although the majority 
of the moisture is driven out of the coal into the atmo- 
sphere, a certain amount of that moisture still remains 
with the coal as it is being conveyed into the dried-coal 


bunkers. The coal is so dry and. dusty that a closed 
conveyor has to be used, and the moisture carried over 
with the coal condenses on the inside surface of the con- 
veyer trough and eventually clogs it, so that the con- 
veyer has to be stopped and opened up for cleaning. 


This is a difficulty that I never expected to meet with 


when I installed this method. Another difficulty is that 
the vapour discharged to atmosphere from the drier 
carries with it a large amount of fine coal dust which, 
unless it is trapped, causes a great nuisance in the neigh- 
bourhood. These difficulties can probably be got over, 
but the apparatus required will cost a good deal. When 


the coal arrives at the pulverizer mill it has to be ground . 


and collected inacyclone, transferred toa bin and then 
put through a feeder before it gets to the burner in the 
furnace. That is quite a long series of operations. The 
apparatus costs a lot of money and the operating costs 
are fairly heavy because it is necessary to have men to 
look after all these processes ; they cannot be expected 
to go on indefinitely without attention, and that means 
increased labour costs. It seemed to me that simplicity 
was the real object to aim at in getting this pulverized- 
fuel system installed, and it was with this end in view 
that I investigated the use of the unit or direct-fired 
system to which the author has referred and which he is 
rather inclined to condemn. It is undoubtedly a much 
cheaper system to install. I agree that it has its limita- 
tions and difficulties, but I think that these.are far less 
than in the bin-and-feeder system which the author 
appears to prefer. On page 1117 he refers to six points 
which, he says, are to the detriment of the unit system. 
The first one is: “ The power consumption is equal to 
that required to drive the unit at no load, plus a variable 
factor increasing with the output.” That may be so, 
but one does not expect to drive these unit systems with 
no load, or even at half load ; one aims at driving them 
at full load, and the number of units attached to each 


boiler should be such that it is possible to keep them - 
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running at full load all the time. One may have five 
units on a boiler and run.two or three at full load, but by 
keeping some units running at full load and the others 
shut down one can keep the power consumption down 
to the equivalent of that in the bin-and-feeder system. 
Then the author says : “ The capacity is affected by the 
character of the fuel and its moisture content.” That 
applies to the bin-and-feeder system just as much, 
because to put moist fuel into a pulverizer reduces its 
capacity. The author describes in connection with 
Fig. 12 how he passed hot air through the mill to evapo- 
rate the moisture and enable the mill to grind the coal 


and keep its capacity up, but that can be done just as ' 


well with the unit system. Again, he says: “The 
pulverized product varies in fineness with the output— 
the greater the output the coarser is the product.” Mills 
have, however, to be designed to give the proper fineness 
at their full load, and there is no necessity to run a mill 
at overload and get a coarse fuel from it rather than to 
design it to do its proper duty and get the proper com- 
position of fuel. These mills are all air-swept and the 
velocity of air going through them really determines the 
quality of the fuel that is picked up and carried into the 
furnace or the bins, and one can regulate the fineness in 
that way by regulating the air flow through the mills. 
Again, the author says : “* All have a maximum output, 
beyond which, if the rate of feed is increased, the unit 
chokes and ceases to function.” If one allows a mill to 
do that, the design and lay-out of the plant is obviously 
wrong ; it should never be contemplated that such a 
thing could happen. The fifth point is: “ All are 
subject to wear, which, as it continues, results in a 
decrease in maximum capacity and in a coarser product 
at any given output.” That applies to both types of 
mill, whether they are using the bin-and-feeder system 
or the unit system. Finally, the author says: “ All 
have the characteristic inherent in high-speed machines 
subjected to severe service, of being subject to break- 
down without notice.” That is common knowledge : 
we have to provide against such breakdowns by putting 
in sufficient spare plant to guard against any stoppage, 
and also by interchange between one boiler and another 
of a mill supplying one boiler and a mill supplying an 
adjacent boiler, so as to provide a stand-by if there is 
any serious difficulty. The author refers to the fact 
that if there are several unit mills on a boiler, one or two 
of which are idle and reckoned as a stand-by, it is neces- 
sary to have a burner out of operation, and in order to 
keep that burner cool it is necessary to pass a certain 
amount of air through it. 
on to suggest that that will cause a lower efficiency in 
the furnace than could be obtained if all the burners 
were in operation. I do not see why that should be so, 
because if more air is passed through the idle burner the 
quantity of secondary air entering the other burners can 
_ be reduced and the efficiency and CO, content can still 
be maintained. My great objection to the bin-and- 
" feeder system is the fact that, unless all the moisture is 
driven out of the coal, clogging occurs in the bins. On 
occasions 1 have seen coal which has been in bins during 
a week-end and which could be cut like cheese, neces- 
_ sitating.a thorough stirring before it could be made to 

flow. That is a great drawback to the bin system which 


I agree, but the author goes ' 
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I feel has not yet been overcome. With the unit system, 
in which the coal is blown straight from the mill into the 
furnace, no difficulty of that kind is experienced. The 
cost of the unit system would appear to be about half of 
that of the bin-and-feeder system as described. This is, 
of course, a big consideration in designing a boiler house. 
At the same time I think that the operating costs would 
be less, although this is somewhat doubtful because it 
may be necessary to watch the operation of each mill 
individually. There is no doubt that America led the 
way in pulverized-fuel firing, but I think it is recognized 
that in America the difficulties are not so great as they 
are in this country. The moisture content in American 
coal is as a rule far lower than that in English coal ; the 
ash content is not so great, and altogether the problem 
in America is a much easier one. Undoubtedly we shall 
get over our difficulties, but it will take a certain amoung 
of time and thought to do so. 

Mr. W.M. Selvey : I have had a good deal of experi- 
ence with the unit system, chiefly on the Continent, and 
1 wish to mention one or two small points, not necessarily 
disagreeing with Mr. Chattock or agreeing with the 
author. The author remarks that the mills are not 
necessarily damaged by stray pieces of iron, and I agree 
with him, but this cannot be said of the unit mill, Mr. 
Chattock has referred to moisture in the bins. That is, 
of course, a very serious matter, but the author says that 
eventually no drier will be required. A recent paper 
read by Messrs. Cushen and Moore before the Conference 
at St. Louis in 1927 contained some very interesting 
information as to the power required to pulverize coal 
containing different amounts of moisture. Pulverized 
coal does not cake when it is kept hot, but only when it 
is cold. The keynote of this bunker question is to keep 
the coal hot when it goes into the bunkers, and possibly 
let its temperature rise slightly. This will no doubt 
raise questions of spontaneous combustion, but when 
inside these bunkers 1 have noticed water dripping from 
the sides. The author mentions the difficulty of keeping 
the metal surface in service when it is continually 
blasted with a stream of pulverized coal. That is a very 


real point, and I should like to ask him whether he has 


had any experience of using rubber for protecting some 
of these surfaces. 1 believe it has been tried with con- 
siderable success. On page 1110 the author gives us a 
criterion for a bunker and says that the angle which the 
plates make with the horizontal should be not less than 
60%. 1 have had some very curious experience in that 
connection, because 1 had to apply some information 
from America in this country with regard to burning 
very large quantities of shavings and wood dust. In 
that system no attempt is made to draw the bunker to a 
point, but only to a wedge, and the coal is transferred 
sideways at the bottom of the wedge with screw feeders. 
This action seems to keep the whole mass in agitation, 
and there seems no chance of its settling down when 
dealt with in that way. This method entails the use of 
conveyors feeding sideways from the wedge-shaped 
bunker to the centre. I wish to try to put a different 
interpretation on ideal condition No. (3) on page 1111. 
The ideal mixture is so much of the coal, which is very 
very small, so much of the air and so much of the ignited 
products. By falling to the ignition temperature of the 
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coal the latter heat up the air and the coal to the same 
temperature. 1 think that conception, which is due to 
Mr. W. R. Wood, is an entirely new one of combustion 
and has already been very fertile in advance. The mere 
association of cold coal with air below the pre-ignition 
point does not mean that anything will happen. The 
addition of the proper modicum of flaming products 
causes combustion, and I suggest that the rapidity of 
combustion is entirely due to that mixture. That is the 
basis of the rotary system of firing shown in Fig. 11 and 
about which much information was given in the paper 
by Messrs. Cushen and Moore to which I have already 
referred. The author maintains that turbulence and 
temperature are the same thing as far as combustion is 
concerned. I have argued that question with my 
chemical friends for 25 years. We have never come to 
any real decision about it, but we are perfectly certain 
that they are not the same. I should like to make this 
suggestion. . A tiny particle of coke, perfectly free from 
gas, has on its surface a film composed of CO, and oxygen 
and nitrogen are trying to get through to the carbon. 
There is an immediate expansion of f:om 5 to 6 volumes, 
even if there is no rise of temperature. There is also the 
rise of temperature due to the rate of combustion, but if 
that rise gives an expansion of 2 to 3 times there is still, 
at the surface of that film, no excessive turbulence due 
merely to combustion, and all that extra high tempera- 
ture—another 300 or 400 deg. F.—can give is a slight 
increase in this ratio. On the other hand, if it were 
possible to spin that molecule so that the film of CO was 
being continually scrubbed off, the carbon could be 
removed at a very much greater rate, and that is the 
function of turbulence. In this connection 1 should like 
to mention an experiment which has been tried with a 
vertical burner surrounded by a cage. The larger 
particle tends to be blown further up, due to inertia, 
and when it commences to fall it gets spun round and 
thus becomes burnt. This system would appear to 
relieve us of the necessity of extremely fine grinding, and 
I am informed that it is working very well indeed. 
Coming now to the question of the stoker, I am afraid 
that to-day we are in danger of forgetting what was the 
original purpose of the arch over a travelling-grate 
stoker. At first the arch as such was made very short. 
That arch lasted for a very long time, but the boiler, 
with its tubes placed low down, was very far from giving 
, perfect combustion. The tubes were gradually raised 
and the arch was lengthened. The lengthening of that 
arch was not primarily due to the desire to get a hotter 
fire ; but to the fact that in one place is a mixture of 
gases which is rich in unburnt air and volatiles and in 
another are the products from coke rich in ‘carbon and 
slowly burning and also, very generally, excess air. At 
a point between there is really vigorous combustion. On 
a long grate the conditions were extremely uneven and 
nine-tenths of the function of the arch was to take those 
gases from the front, the centre and the back end, and 
mix them so as to obtain the maximum turbulence and, 
hence, efficiency of combustion and no smoke. The 
author’s proposed design will probably meet with success 
on certain classes of coal, but not on others. A type of 
arch such as that shown in Fig. 15 of the paper may get 
rid of all the trouble of arches burning out too quickly, 


but unless the mixture of combustion products described 
above is effected it will never be possible to approach 
those desirable conditions which are obtainable with the 
greatest ease when pulverized fuel is used. It is very 
easy to distill the volatiles from dry Northumberland 
coal, and, say, 70 per cent of the rest of the grate is then 
occupied with coke. In the case of Midland coal witha 
high volatile content a large proportional liberation of 
volatiles occurs at the front and they have no chance of 
mixing with the products from the centre and back, and 
so with a short arch a smoky flame is obtained. That 
leads me to one of the primary points with regard to 
pulverized fuel, namely, the absolute control of distri- 
bution in two directions, space and time. One of the 
points in the paper quoted above is the rate at which a 
chain-grate stoker can respond to a sudden call for steam, 
contrary to what is often thought. There is a very large 
amount: of coal already ignited and the boiler can be 
forced just as well as with pulverized fuel, but if there is 
a second load demand 10 minutes afterwards the present- 
day chain-grate stoker cannot deal with it, as the reserve 
fuel on the grate has been exhausted and cannot be 
replaced quickly. I should like to add one point to the 
author’s criteria for stokers. He brings out one very 
important point, namely, that the platform carrying the 
coal shall not be subjected to mechanical stress. The 
other point I have always tried to stress is that in order 
to make a stoker the equivalent of pulverized fuel for 
rapid responses one must be able to rush the coal on to 
the grate again with rapidity to replace what has been 
burnt in the first 19 minutes. No chain-grate stoker has 
ever been designed which can replace its fuel with a rush 
at anything like the speed with which it is possible to 
turn on the burners with a pulverized-fuel furnace, and 
that is a very important consideration. 7 
(Communicated) —In addition to the points raised in 
the discussion I should like to draw attention to some 
points of detail omitted on the score of time. It might 
be pointed out that it is the opening of the vent in Fig. 6 
which reduces the pressure at that point in the circuit to 
the atmospheric level, and that the other figures follow 
from that circumstance. To use an electrical analogy, 
the circuit is earthed at that point and the rest of the 
circuit is at negative potential. Arising out of this, in 
Fig. 12 the vent is now connected to an exhauster which 
delivers to burners, and I should like to ask the author 
how the circuit pressures are then adjusted. With 
regard to Fig. 9, I am not clear as to how the air blast 
is applied to the wheel pockets. Referring to page 1114, 
I should like to ask whether the patch which scales off 
is ever large enough to hang up on the water screen, 
where, if it did, it would presumably fuse. A little later 
the author refers to the minimum rating at which a 
boiler may be run with satisfaction. In this country 
with onr low load factors that is a veryimportant ques- 
tion. It is referred to in Messrs. Cushen and Moore's | 
paper, where a range in a certain boiler of 60000 to 
275 000 Ib. per hour is quoted. I should imagine that 


with the arrangement of Fig. 11, especially with six or 
eight burners, the range of satisfactory operation would 
be wide. In view of the remarks by other speakers on 
low-rating operation, the opinions of the author on this 
question would be of great interest, especially relating to 


semi-refractory and non-refractory furnace walls. What 
Spares are recommended for the pulverizers, and how 
quickly can a roller path and rollers be replaced ? This 
has a bearing on the desirable capacity for the bin. On 
page 1117 point (1) relating to unit machines arises out of 
the fact that many of the machines are inefficient fans, 
and that most of the power is expended in air-compress- 
ing which is afterwards lost. A want of appreciation of 
this point has led in many cases to excessive power con- 
sumption. On page 1121 the author refers to carbon in 
ash with retort-type stokers. What is his experience of 
the various producer propositions now being put forward 
in this connection, mainly on the Continent ? I ex- 
pected him to refer, when mentioning “* bird-nesting,” 
to the new practice of spacing out the lower boiler tubes 
to act as a water screen and render bridging not only less 
likely but more difficult. I suggest that the “ logical 
solution ” is the removal of the ash from the products of 
combustion at the point where these issue from the 
*“* furnace,” and to consider this as an ideal alternatively 
to removing them between the “ high grade” heating 
surface and the “low grade ” heating surface, it being 
most important to keep the latter clean. Removal of 
dust at the chimney is a question of the price that one is 
willing to pay. The more draught used, the greater 
extraction will there be. The American engineers are 
now using 10 to 15 in. (total) of induced draught and can 
afford it. With our usual total of 2 to 3 in. the matter 
requires much more careful consideration. I fully appre- 
ciate the advantages of a high chimney, having regard 
to the variation of wind velocity with height, which must 
very effectively reduce the concentration of dust per 
unit volume, the criterion adopted by investigators of 
atmospheric pollution. 

Captain J. M. Donaldson : During the last four or 
five years the company with which I am associated has 
been trying experiments on a large scale. We have 
made six distinct installations, the last of which is the 
largest and is not yet in use. These are partly of the 
bin-and-feeder type and partly direct-fired. The author 
very frankly states that conditions are changing so 


_ rapidly in pulverized-fuel work that what is good prac- 


tice to-day is out of date by the time the boiler is put 
into service. I agree with him ; no single one of the 
six installations for which 1 have been more or less 
responsible would be duplicated by us in every detail if 
we were to start again. When referring to pioneers, we 
ought to remember the very courageous pioneer work 
done by some of our own engineers, in particular Mr. 
Bell of Hammersmith. It is all very well to be cautious 
and wait to see what other people do, but a good oppor- 
tunity for gaining knowledge is lost. When the idea of 
pulverized fuel as distinct from stokers was first mooted, 
I suppose we had three advantages in mind. We thought 
we should get a reasonably high efficiency and, moreover, 
that we should be able to maintain it easily and auto- 
matically without the trouble necessary with stokers. 
Secondly, we felt that in practice the boilers would be 
much more flexible because we should be able to put 
them on load much more quickly. Thirdly, we thought 
that from a given boiler carcase we should be able to 
obtain more power. All these things we found to be 
perfectly true, and we also found a fourth thing which 
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we did not quite anticipate. As far as efficiency is con- 
cerned, we have had a little boiler of 1 966 sq. ft. of 
heating surface with a small economizer and not a very 
big air heater, which gives a gross efficiency of 89 per 
cent. We have obtained a similar figure with a recently 
installed boiler giving 75 000 lb. with air heating, but 
with a large economizer, and judging from day-to-day 
results it does not seem difficult to maintain a constant 
high efficiency. So far as bringing the boiler up to steam 
is concerned, with all respect to Mr. Selvey I think that 
if my steam pressure were low I would much rather have 
a pulverized-fuel boiler than any stoker boiler. Not so 
very long ago one of our power stations, which was 
supplying a load of 15 000 kW and supplementing the 
supply by bulk supply from another company, got into 
difficulties owing to some failure of the bulk supply 
which happened to be coincident with a very heavy 
demand. The result was that the load was increased 
instantaneously by 5000 or 6000 kW. I think that 
two pulverized-fuel boilers were on load, but they took 
up the load without any trouble at all in regard to steam 
pressure, and there is no doubt that our chain-grate 
stokers and boilers would not have maintained the 
pressure and we should probably have had to part with 
some load for a time to raise the pressure to normal. 
With regard to the third point—increased output—one 
of our first experiences was to take a small boiler which 
used to be a refuse destructor. It had 1 966 sq. ft. of 
heating surface and would be rated by the makers under 
normal conditions at about 6000 lb. an hour. We 
thought we might get 10 000 lb. from it and installed a 
very simple furnace, considerably larger, than we should 
have had with a stoker, and: found we obtained 18 000 lb. 
Beyond this output we began to get slagging trouble, 
but in another boiler of the same kind we put in a water 
screen and obtained a still higher figure. This gives 
some idea of what is possible, and these boilers work 


| continuously at that rating without any difficulty. The 


fourth thing, which we did not altogether anticipate, 
was really, I suppose, a consequence of two of the others. 
We found that by working these pulverized-fuel boilers 
in parallel with a large number of small chain-grate 
stokers the overall efficiency was very considerably 
increased. We had steam recorder charts on the large 
boilers and we found that the boilers were acting as a 
kind of balancing flywheel; in other words, the load 
taken by these boilers was continually fluctuating. The 
result was that from a practical point of view the chain- 
grate stokers were working on a steady load, and the 
overall increase of efficiency was no less than 5 or 6 per 
cent on the coal consumption. Part of that was due, of 
course, to the increased efficiency of the large pulverized- 
fuel plants themselves, but I do not think 1 am wrong in 
saying that probably 3 or 4 per cent was due to this 
improvement in the efficiency of the existing boilers. 
That was a very satisfactory result. Pulverized-fuel 
firing was invented in this country and it has been used 
here for a very considerable time incement kilns, although 
the problem is by no means the same as in the case of a 
steam boiler. The conditions in America are, in all the 


three branches of fuel utilization, very much in favour 


of this system. Drying, pulverizing and burning are the 
three branches in question. The Américan coal is very 
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dry. I donot know whether it has anything to do with 
the climate, but in a very large power station which 1 
visited I saw no attempt at drying being made and no 
necessity for it. On the other hand, it seems to me that 
in this country we shall have to make use of slack to a 
very large extent until the price goes up, and that slack 
has an inherently greater capacity for retaining mois- 
ture. In the second department, grinding, there is also 
a curious difference. I think that English coal.must be 
of tougher fibre, or at any rate more abrasive character, 
than American coal, because with some of the mills we 
originally installed we undoubtedly got an amount of 
wear which was not anticipated and which was not what 
the suppliers, whose experience was based on American 
conditions, had led us to expect. In one mill the wear 
was very excessive, but that was easily cured by using a 
much harder steel for the bull ring, etc. In the direct- 
fired system we had what I believe is called an impact 
pulverizer, but this did not appear to be suitable for 
English conditions and was eventually replaced by one 
of the beater type. The fusing point of our ash appears 
to be somewhat lower than that of ash in the United 
States. At one time I was worried by the formation of 
unpleasant and glassy slag on the furnace floor. At 
that time water walls had not been invented ; we had 
hollow walls with provision for expansion of the inner 
lining and air circulating outside. That never impressed 
me as being a very mechanical arrangement, and I think 
that one of the reasons why British engineers have not 
gone in so much for large boilers (which originated in this 
country—Mr. Patchell’s was one of the first at Bow) is 
simply that they were afraid of these large unsupported 
walls. One of the boilers we are now trying out is of a 
‘different type. It is almost entirely water-walled, but 
it has fire bricks which can be'slid over the tubes and 
partly cut away later if it is desired to have more direct 
heat on the tubes. I like that because it is a mechanical 
job and I am only sorry that owing to pressure of time 
in getting the boilers installed I was not able to do away 
with the flat arch. I should like to do away with flat 
arches altogether and have those parts which are not 
mechanically strong replaced by tubes ofsome sort. If I 
had to erect another station I should not employ direct- 
fired units ; I should have a modified form of the bin- 
and-feeder system very much on the lines sketched out by 
the author. I should certainly not attempt to dry the 
coal by any other method than by preheated natural air 
drawn from the boiler house, which incidentally would 
help the ventilation, and I should be careful when I 
passed that hot air through the coal to see that it got 
back complete with the coal dust into. the furnace, 
because coal dust outside and a lot of foul gases are 
likely to cause considerable trouble. 

_Mr. G. H. Lake: We have had a fairly large pul- 


verized-fuel plant in operation at the Derby Corporation. 


Electricity Works now for almost two years, and it will 
no doubt be of interest to the members if 1 give them a 
few figures which have been obtained during this period. 
When the plant was originally completed and . ready 
for operation, we were involved in the coal dispute of 
1926. Ordinary coal supplies were therefore unobtain- 


able and, consequently, a good deal of scouting was 


necessary. We finally obtained a large dump of pit- 
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mound material from one of the South Staffordshire 
collieries, which the. owners agreed to sell. There was 
no difficulty in pulverizing this material, but it was. not 
an easy matter to ignite it. Finally a large wood fire 
which filled: half the combustion chamber was built on 
the top of the water screen. The feeders were. then 
opened, the refuse was ignited, and from that day to 
this we have had our pulverized-fuel plant in regular 
operation. Immediately a regular supply of coal be- 
came available we fixed up very valuable contracts for 
supplies of “‘ duff,” which, whilst having the same heat- 
ing value as that formerly burnt on the stoker-fired 
plant, is purchased at prices representing fully 50 per 
cent reduction in cost.. We have been able to check 
closely the power absorbed in the preparation of the fuel 
and finally delivering it to the burners. These figures 
are, per ton of coal milled :— 


8-45 kW 


Six-ton Raymond mill 

Pulverized-coal conveyor .. 0-78 kW 
Exhauster from mill to cyclones .. 9-7 kW 
Feeders to burners `.. soi 1-32 kW 
Elevators and drier motor .. 2°15 kW 


The total just exceeds 22 kW per ton milled for all 
operations. This is equivalent to 1:7 per cent of. the 
total heat in the coal,.which represents a good general 
average of our performance. One of several tests which 
have ‘been taken on the Derby plant is worth recording. 
This lasted for 100-5 hours—a full week's run. The 
amount of coal pulverized was 635000 lb. and the 
calorific value was 9 933 B.Th.U. per lb. The average 
overall efficiency established throughout the whole of 
this period—the boiler supplying the whole of the steam 
for the turbo unit to which it was coupled, and fulfilling 
all conditions of load—was 83:58 percent. The average 
load on the plant for the period of the test was 3 300 kW. 
During a period of 14 months we kept careful records of 
our maintenance costs. During this time we made an 
important modification to one of our combustion cham- 
bers, which cost £464. Including this cost, the actual 
figures obtained worked out at 8-02d. per ton. This we 
consider extremely low and, in spite of the fact.that we 
are well into the second year of operation, the costs 
appear to be remaining well within this margin. A very 
important feature from our point of view, particularly 
in the Midlands, is that we are able to get a good deal of 
very cheap fuel having a low calorific value. This can 
be dealt with. very simply in a pulverized-fuel plant. 
The average size as received would pass a 7%,-in. screen. 
We find that on account of this our pulverizing costs 
and the wear on the mill rollers have been reduced. 
During the year 1927-28, with from 30 to 40 per cent of 
stoker-fired plant in operation, and the balance pul- 
verized-fuel plant, the coal cost per unit generated was 
0-108d. Due to the generosity of.the coal owners, and 
to the fact that we have had longer operating hours with 
the pulverized-fuel plant, our coal costs for April 1928 
were: 0-08d. This also includes a certain amount of 
stoker-fired plant. It therefore appears that with 
larger units in operation and a corresponding: reduction 
in. maintenance costs due to modern design, we.shall be 
able to get an exceptionally low cost for the generation 
of our electricity. Capt. Donaldson has referred to the 
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life of the pulverizing plant. In this connection I am 
able to state that on one mill we have ground 16 000 tons 
of coal, and on the second 18 000 tons. Our experience, 
therefore, is that the maintenance of the mills is a negli- 
gible factor. I shall be very pleased to meet any of the 
members at Derby who have not yet had an opportunity 
of inspecting our plant. 


Mr. H. A. Nevill: At Peterborough we have had 


some considerable experience in the use of powdered 
coal with both the systems described in the paper. Our 
experience with the unit system has been exceptionally 
good, and I can corroborate everything that has been 
said about the wonderful flexibility and increased out- 
put one can get from the boilers. We have boilers 
designed for 25 000 lb. of steam per hour from which we 
have had continuously 40 000 and 45 000 lb. when it has 
been necessary. During the five years that we have 
been running on powdered coal we have naturally gained 
some experience, but the longer we go on the more we 
find there is to learn and I myself have had many puzzling 
experiences. With regard to the drying of coal, Mr. 
Chattock remarked that coal could be considered to be 
dry when it still contained something like 8 per cent of 
moisture. I feel that there would be considerable diffi- 
culty in storing powdered coal which contained that 
amount of moisture. We endeavour to get down to 
2 per cent, but in doing so we get some extraordinary 
results. We are using a coal which apparently has a 
very great affinity for oxygen, and consequently when 
dried down to the extent mentioned it very rapidly 
absorbs air or oxygen and is therefore liable to spon- 
taneous combustion and consequent fires in the bunkers. 
When our storage plant was first put into service, trouble 
was experienced with bunker fires caused by the presence 
of moisture and condensation and also, no doubt, to 
oxygen, due to the method of venting. Slight altera- 
tions have now been made which have reduced condensa- 
tion and air flow, and no trouble exists at the present 
time. To secure the degree of dryness we desire, the 
coal we use has to leave the drier at from 250° F. to 
260° F., which I believe is about the same temperature 
as that at which the coal leaves the driers at Birmingham. 
On the other hand, on the Continent one sees coals con- 
taining 2 per cent of moisture leaving the drier at 120° F. 
If we could obtain dry coal at temperatures like 120° F., 
I am sure we should have very little trouble with either 
condensation or fires. Our experience so far has shown 
us that a certain velocity of coal and air has to be main- 


tained at the burner outlet. I was always under the | 


impression that the speed of propagation of flame in a 
mixture of air and powdered coal was such that the 


velocity had to exceed 60 ft. per sec. to prevent burning- 
back. Ourown experience at Peterborough upholds that . 
theory, because at low velocities we immediately have. 
burner trouble, firing back on to the burner mouth and 


destruction of the end of the burner. When I visited 
the Continent recently I was surprised to see coal being 


discharged into furnaces and burning very success-. 
fully at burner velocities in one case of 36 ft. per 
sec. and in another of 25 ft. per sec. I am of course 


referring to the type of burner in which the complete 
mixing of coal and air takes place before the coal is 


discharged into the furnace. I should be very interested | 


to know whether such results are obtainable due 
entirely to the different characteristics of the. Conti- 
nental coal. The question of volatile content may 
arise, and some information on the point, would be 
very useful. It might effect the question of burner 
design and. the position. in which the burners are. 
placed. Lately the general practice seems to be to. 
change from vertical to horizontal burners, no doubt 
with beneficial results in many directions, but is it not a 
fact that with the horizontal burners there is a ten- 
dency to get a greater proportion of combustible matter- 
in the material discharged to the chimney than there is 
with the. vertical burner ? We find that if burners are 
idle we have to put a very large amount of air through 
them in order to prevent damage to the burners, as 
mentioned by the author, and we find, as he says, that 
so doing affects very considerably the efficiency of the 
boiler. It does seem to me that if the plant can be laid 
out with a number of burners which are all in use con- 
tinuously, the volume of coal passing through them 
being so regulated that it is equally divided between 
them and the total quantity raised and lowered to meet 
the load conditions, it would be of great advantage. 1 
am not sure that this can be done in a purely direct-fired 
system. In our own direct-fired system we have two 
unit machines per boiler, each being provided with one 
burner, but in general practice only one machine is in 
use. In this country considerable time and energy have 
been expended in designing burners, some. of a very 


- elaborate nature, and on the Continent I have seen plants 


in perfectly satisfactory operation where no burners (such 
as we understand the term) are in use at all, the end of 
the coal-and-air-carrying pipe being merely pushed 
through the wall into the furnace. 

Mr. G. M. Shaw: Being convinced of the superiority 
of pulverized-fuel firing over other methods, the Wor- 
cester Corporation decided to make provisions for the 
future use of it some 6 or 7 years ago when extensions of 
the boiler house were under consideration. Shortly 
afterwards, three 5-drum Stirling boilers were purchased - 
from a Government factory, each rated at 27 000 1b. per 
hour actual evaporation. Only one of these was com- 
pletely erected and put to work, the other two being left 
in skeleton form for completion when required. At that 
time it was decided to fit a retort-type Riley stoker and, 
by increasing the heating surface of the boiler by fitting 
longer tubes than were originally fitted, evaporation was 
obtained up to 40 000 Ib. per hour (actual) without undue 
forcing. The second boiler has recently been re-designed 
and put to work with pulverized-fuel firing and has 
proved: an unqualified success. Considerable thought 
was given to the design with a view to eliminating the 
troubles that have been experienced by other users of 
this system of firing in this country. A combustion 
chamber of very liberal dimensions was constructed, the 
whole of the side walls being protected by water tubes 
connected through headers and direct to the top: and 
bottom front drums ; «in addition a series. of air ducts 
were arranged in the back and front walls and the whole 
of the floor was covered with a series of old boiler tubes : 
through which air could be drawn: After an inspection 
of various pulverized-fuel installations had been made, 
and on consideration of local conditions, the unit system 
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of firing was chosen on account of lower capital cost and 
greater flexibility. The output from this boiler, which, 
as previously mentioned, was originally designed for 
27 000 lb. per hour, has under the new design and system 
of firing been 50 000 lb. per hour and at times has reached 
60 000 lb. per hour (actual), without undue forcing. At 
the time of equipping this unit a new turbine of a “ super- 
efficient ’’ design was installed, and during the last 5 
months of working of this new combination very sub- 
stantial economies in the cost of generation have been 
effected. The coal per unit generated has been reduced 
by slightly over 1 lb. There is, in my opinion, no ques- 
tion that pulverized-fuel firing, even in relatively small 
power stations, offers advantages and economies unob- 
tainable with other methods. I refer particularly to the 
ease.in dealing with fluctuation in the demand for steam, 
cleanliness, and simplicity in operating at high eff- 
ciéncy. The conditions at Worcester are such that the 
entire load can be carried by the one boiler, which of 
course reduces radiation and banking losses to a mini- 
mum. Under these conditions great care is necessary 
to ensure a thoroughly reliable supply of power to the 
pulverizers, assuming motor-driven plant. In the case 
of an isolated power station, a house turbine and/or unit 
transformers are essential, This point, however, hardly 
comes within the scope of this discussion. 

Mr. L. Andrews (communicated): Of the many 
points dealt with in the paper it is probable that no one 
factor will prove to have a greater influence upon the 
thermal efficiency of a pulverized-fuel installation than 
that of particle size. Between the economic limit of 
commercial fineness referred to in the paper and the 
author’s ideal of infinite fineness there is a very extensive 
range of sizes, and a small deviation from the former 
towards the ideal will cause a rapid reduction in the 
overall efficiency of the plant. Whilst it is not possible 
to specify any definite mean particle size corresponding 
to the economic limit of fineness, since this will vary in 
different installations with the nature of the coal and 
other factors, it should be possible to ascertain this limit 
by experience for any given conditions, and, when ascer- 


tained, it should be adhered to as closely as possible. 


Kelvin’s law for determining the economic size of electric 
cables, which has proved to be applicable to many com- 
mercial problems, may also be adapted to ascertaining 
the economic fineness limit of pulverized coal. The 
improved efficiency of combustion resulting from re- 
ducing the coal to particles of infinite fineness may be 
ascectained by actually firing the boilers with gas (i.e. the 
equivalent of coal reduced to infinite fineness) and 
recording the results in kWh generated per 1-000 1b. of 
coal of equivalent heat value. The same boilers may 
then be fired with coal reduced to a mean diameter of, 
say, 250 microns,* the results being again expressed in 
kWh per 1 000 Ib. of coal. It has been found from many 
tests that the power expended in pulverizing or grinding 
any solid material increases in proportion to the recipro- 
cal of the mean diameter of the resultant particles. For 
instance, if, say, 3 kWh is expended in reducing 1 000 lb. 
of a given coal to a mean diameter of 120 microns, 6 kWh 
will be required to reduce the same coal to 60 microns, 


* Particles of 250 microns or 0°25 mm diameter will pass through a sieve 
having 50 strands per linear inch (1.M.M. standard), whilst particles of 125 
microns diameter will pass through a 100-mesh sieve. 


and 36 kWh to 10 microns. If it were possible to pul- 
verize the coal by mechanical means to molecular 
dimensions, 1.e. to gaseous particles, the power con- 
sumption, assumed to be still proportional to the recipro- 
cal of the particle diameter, would amount to many 
thousands of kWh per 1000 lb. of coal. The power 
expended in reducing any sample of coal to a given mean 
particle size may be ascertained by test, and the power 
required for reducing the coal to any other mean particle 
size may then be deduced from the reciprocal of the 
mean diameter law. The results may be plotted below 
the base line along which mean particle diameters are 
set off as in curve CD in Fig. A. Above the base line 


Power expendéd 
in pulverizi 


kWh per 10001b. of coal pulverized kWh generated per 1000Ib. of coal 


Fic. A.—Kelvin's law applied to ascertaining the economic 
fineness limit of pulverized fuel. - 


_ the results of the boiler tests A and B, when fired with 


coarse pulverized coal and with gas respectively, may 
also be plotted to ordinates corresponding to the ascer- 
tained kWh generated per 1 000 lb. of coal in each case. 
Any point on the straight line AB may be assumed to 
represent by its ordinate above the base line the kWh 
generated per 1 000 lb. of coal reduced to the particle 
size indicated. If now a third curve EF, corresponding 
to the algebraic sum of the curves AB and CD be plotted, 
the ordinates of this resultant curve will represent the 
net kWh generated per 1 000 Ib. of coal reduced to any 
particle size, and the highest point on this curve is 
obviously the economic fineness limit for the particular 
coal and conditions investigated. It will be noted that, 
whilst the resultant curve rises steadily up to the maxi- 
mum or economic fineness limit, it falls very rapidly 
after this point is passed. It is, therefore, of even 
greater importance to ascertain what proportion of the 
coal is being ground beyond the economic limit than to 
determine the mere percentage of oversize. This fine- 
factor proportion is beyond the limit of sieves and can 
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only be ascertained by elutriation. It will doubtless ‘be 
recognized shortly that one or more elutriators are 
essential instruments in every pulverized-fuel testing 
equipment. 

Mr. H. P. Gaze (communicated): The paper is par- 
ticularly interesting as a statement of the present prac- 
tice in pulverized-fuel plant, but its value would be 
greatly improved by the addition of figures of efficiency, 
capital cost, auxiliary power and the cost of maintenance 
of preparation plant, burners and furnace work of any 
individual plant in this country which has been in opera- 
tion for a period sufficiently long to enable definite 
figures to be stated. The author disarmed criticism on 
these points in his opening remarks, by stating that it 
was generally recognized that high efficiencies had been 
obtained with both stoker-fired and pulverized-fuel 
plants and that figures had been repeatedly published on 
these points, but owing to the short time available the 
discussion was confined to the broad experiences of users 
of pulverized-fuel plants in this country. The question 
of results actually obtained with stoker-fired boilers was 
not referred to. It may be of interest to recite certain 
figures obtained at the Grove Road station of the London 
Power Co., Ltd., on six Babcock and Wilcox C.T.M. 
boilers, each of 75 000 Ib. per hour normal rated capacity. 
The boiler heating surface is 10 000 sq. ft. Each unit is 
equipped with economizers and air preheaters. A series 
of very careful tests has been carried out, and effi- 
ciencies, based on the gross calorific value, varying from 
87-4 to 88-6 per cent were realized; the total power for 
boiler auxiliaries amounted to from 0-86 to 1-06 per 
cent of the evaporation. These efficiencies have been 
repeatedly obtained under normal operating con- 
ditions. Thetemperature of gasleaving the air preheater 
varies in regular service from about 214” F. to 220° F. 
On page 1102 the author refers to the cost of furnace 
maintenance when working with preheated air at high 
efficiency. The actual cost has been taken out over the 
last two years on the boilers working at the above-stated 
efficiency, and this cost varies from 5:6d. down to 2d. 


per ton of coal burnt, which compares with the figures . 


of 24d. to 48d. given by the author. The average quan- 
tity of coal burnt per boiler amounted to 13000 to 
15 000 tons per annum, which gives a measure of the 
rate at which these boilers are normally operated. It 
would appear that the improvement in stoker design has 
marched on somewhat parallel lines with the improve- 
ment in powdered-fuel equipment, and, with the advent 
of water-cooled walls and arches which are now being 
tried out in London stations, there appears to be a 
hopeful prospect of satisfactory operation being obtained 
over long periods of working. The author advocates 
high chimney stacks in order to obviate dust nuisance. 
This may probably be necessary with pulverized-fuel 
plants but does not appear to apply equally to stoker- 
fired installations ; with the very low temperature of 
the escaping ‘gases on a high-efficiency installation there 
would appear to be some likelihood of increase in the fan 
power to overcome the additional chimney friction. In 
connection with the excellent figures of coal cost per unit 
at Derby, mentioned in the discussion, it would have 
been of interest had the speaker given the actual price 
paid per ton of coal. If the author is in possession of 
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this information it would be of interest if he would 
give it in his reply. 

Mr. W. S. Hunt (communicated): The paper deals 
almost entirely with the mechanical side of the problems 
of the manufacture and handling of pulverized fuel, and 
it appears to me that it would be of interest to most of 
the members if some data of the electrical equipment of 
the plants referred to in the paper were added. These 
data might include information on the following lines : 
(1) The number of motors and the capacity of each as 
required for each system, viz. bin-and-feeder or central 
grinding system and also the direct-fired or unit system. 
(2) The type of motor and the type of motor drive found 
to be most suitable. The types shown in Figs. 7 and 13 
appear to be most unsuitable for a dust-laden atmo- 
sphere, which must occasionally be in existence, in 
spite of precautions. (3) The energy consumption per 
ton of coal pulverized for each system, compared with 
the power required for a corresponding size of plant 
using chain-grate stokers. (4) Since the operation of 
the plants evidently depends on all the motors being in- 
commission at one and the same time, it follows that 
any one motor breaking down would cause the plant to 
be put out of commission, with attendant loss of steaming 
capacity for the power plant until such time as repairs or 
adjustments had been carried out. In addition, it 
appears from some of the illustrations that.several of the 
motors are in out-of-the-way places where quick repairs 
might only be carried out at the expense of a lengthy 
shut-down. Further, hardly any two motors appear to 
be of the same capacity, except perhaps in the case of 
the direct-fired service, and under these conditions the 
question of carrying spare parts for-executing quick 
repairs might well be an important item in the main- 
tenance costs. In view of the above, it appears that the 
central system should be the more advantageous, but it 
would be interesting to know whether figures are avail- 
able showing, with respect to the total number of hours 
per annum during which a boiler or group of boilers is 
shut down for repairs, what proportion of that time is 
due to failure of the electrical plant and what proportion 


is due to defects in the mechanical details of the 


pulverizing plant. 

Mr. E. J. Husted (communicated) : It appears to me, 
after reading the paper, that the burning of pulverized 
fuel is a very complicated matter and the author does 
much to bring out the weaknesses of this system, there- 
fore I cannot understand why pulverized fuel should be 
used at all, when coal can be, and is being, burned more 
efficiently in many plants in the United States on stokers, 
to which the author devotes about one-tenth of his 
paper. Asa matter of interest I may state that figures 
taken from the United States Governmental Reports 
over a period of six years, 1921 to 1926 inclusive, show 
that, with the exception of hand-fired boilers, 924 per 
cent of the boilers in the United States are stoker-fired, 
6 per cent oil-fired and 14 per cent are powdered-fuel- 
fired. I must join issue with the author in regard to his 
statement on page 1102 that “small boilers should be 
equipped with stokers, and large boilers with pulverized- 
fuel.” The largest boilers that have ever been built are 
installed in Detroit and have a heating surface of 41 500 
sq. ft. These boilers have for several years evaporated 
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over 400 000 lb. of water per hour and have frequently 
reached nearly 500 000 lb. They are fired by underfeed 
stokers. Moreover, in the United States, there'are many 
other boilers equipped with underfeed stokers evapor- 
ating between 200 000 and 400:000 lb. of steam per hour. 
One plant in Boston is getting over 300 000 Ib. of steam 


at 1 400 Ib. pressure from boilers containing only approxi- 


mately 15 000 sq. ft. of surface. The Detroit Edison Co. 
have recently purchased underfeed stokers for their new 
Delray plant, although this company has at Trenton 
Channel the largest pulverized-fuel plant in the United 
States and: have had experience with pulverized fuel for 
several years: Mr. J. W. Parker, chief engineer of the 
company, states * that “ These stokers handle a com- 
paratively low-fusing, very high-volatile bituminous 
coal,’’ which the present author states is not suitable for 
use with underfeed stokers. From what I have said, it 
would appear that underfeed stokers provide the method 
of firing best suited for very large boilers units. The 


author in his remarks on retort-type stokers states that 


“a high degree of skill, born of experience ” is necessary 
to operate retort-type stokers with clinker grinder equip- 
ment, particularly when using coals of high ash content 
and low fusing point. In the development of retort-type 
stokers of America, as they are to-day, this does not 
represent the situation—but even if it did, 1 can hardly 
agree that the British engineer is not fully as competent 
and fully as capable of securing all those advantages of 
- efficiency in fuel-burning capacity that are available 
with the retort-type stoker, to the degree of perfection 
to which it has been developed in America. The author 
has apparently been out of touch with American practice 
and the extent to which the retort-type stoker is 
operating power stations in the United States. Not 
more than half a dozen plants in the United States are 
operated with Pocahontas or New River coals. More- 
over, my experience is that these particular coals are not 
by any means the best American coals for burning on 
underfeed stokers. As a matter of interest, there is no 
characteristic coal in the United States which is not being 
burned on the retort type of stoker. In particular, the 
Towa coals are regarded as being the most difficult coals 
found in the Middle West, their ash contents ranging 
from 15 to 30 per cent.and moisture content from 10 to 
15 per cent, their calorific. value varying from 8 500. to 
10 000 B.Th.U. gross value, and their fusing temperature 
being under 1 900° F. One of England’s most prominent 
power-house engineers, who is at present in America, was 
recently told by the engineers who were operating the 
plant which he was visiting that the annual operating 
efficiency, including all banking, was over 87 per‘cent, 
and this with an exit temperature from the stack at 
least 100 deg. F. higher than is generally designed for in 
England with plants of similar size. In conclusion I 
would say that I consider the retort type of stoker has 
not received in the paper the attention which it deserves, 
and it is possible that the designer of the travelling-grate 
stoker also may feel that ‘his devige has ee rather 
lightly dismissed. 

Mr. G. W. Partridge. an The paper 
brings out the difficulties which are at present being 
experienced with pulverized fuel, which are far from 
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being solved, and nobody would suggest that this is the 
one and only way to meet present-day needs. The only 
speakers who took part in the discussion would appear to 
have been those who are using, or who propose to use, in 
a more or less limited manner, pulverized fuel, and as 
this system was so strongly. advocated it might appear 
that the use of mechanical stokers was like “ beating a 
dead horse,” which I would suggest is far from being the 
case, and in fairness to the other methods in use it is only 
right that further questions should be raised on this very 
important subject and that we should endeavour to look 
upon this subject impartially. I cannot for one moment 
agree with the author’s statement on page 1102 that 
stokers are only suitable for small boilers and that large. 
boilers should therefore be equipped with powdered-fuel 
plant. There are already examples of large stoker-fired 
boilers of over 250000 Ib. capacity being erected at 
stations after experience of. powdered fuel has been 
gained. Manufacturers of both stoker and powdered- 
fuel systems are to-day modifying and improving their 
designs to bring about steam control combined with high 
efficiency. Great progress has recently been made in 
stoker-fired plant, particularly in regard to the use of 
water-cooled: walls, the control, distribution and tem- 
perature of air to the fuel bed, and:a more effective use 
of radiant heat. It: would certainly pay us to devote 
money and brains to the manufacture of suitable refrac- 
tories. A paper might be written on this subject alone. 
In arriving at a decision as to the best method of burning 
fuel in large generating stations, it is necessary to con- 
sider the following points : — 

(1) The quality and price of fuel to be used and whether 
the quality is likely to be varied and to what extent. 
This variation will, in my opinion, have a material effect 
on the pulverized-fuel system, particularly as to the 
moisture and ash content of the coal and the methods 
of grinding. These latter points are real difficulties, 
especially the moisture, and are plainly emphasized in 
the paper and by the speakers in the discussion. - 

(2) The possibility of nuisance to the neighbourhood 
and annoyance caused by the discharge of dust, and the 
consequent likelihood of injunction. I can assure the 
author that this discharge of dust is likely to be a most 
serious item in the future. No details are given in the 
paper as to how the author proposes to get. over this 
difficulty, which, ina ow area, such as Great Britain, 
is a real one. i 

(3) The capital cost of the plant and the space re- 
quired, particularly where land is expensive. The 
author mentions neither of these items in his paper. 
Surely it is only fair and reasonable that they should be 
taken into consideration in comparing the two systems. 

(4) The nature of the load to be:dealt with, particu- 
larly as to its load factor and possibility of variations. 
The remarks made by one of the speakers that a travel- 
ling grate cannot deal with variations in load have not 
in my experience been borne.out in practice. In stoker- 
fired boilers: this depends very much on the thickness of 
the fuel bed and: the operating arrangements on the 
boiler to meet such variations, and I should think that 
the retort-type stoker with its heavy fuel bed and the 
way in which the air can: be controlled could quite 
possibly compare with the pulverized-fuel system. 
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(5) Cost: of repairs: and maintenance. Practically 


nothing has been said in the paper on. these important 
points, but from information which I have. before ‘me 
and the numerous illustrations in the paper one cannot 
help feeling that the cost of upkeep and repairs of the 
various parts which are necessary in the powdered-fuel 
plant must of necessity be higher than with the stoker 
methods, to say nothing of the number and cost of spare 
parts necessary. In this connection it seems hardly fair 
to compare figures on some small unit which may be 
Operating only occasionally against the present cost of 
repairs in a large stoker-operated station after years of 
running. Parts do wear out, no matter however much 
we may wish they would not, and 1 cannot see, with the 
enormous quantities of coalwhich require to be crushed, 
dried and dealt with in a large power station each day, 
how the upkeep of pulverizers and the various driers can 
be anything: but heavy, which means a considerable 
costly spare parts being continually 
required, and the fitting of these parts, must of necessity 
put the plant out of Commision, with consequent invest- 
ment'charges.' 

: (6) The number of men required to run such a plant 
is, I imagine, in excess of any which may be required for 
the stoker lay-out, for from what the author says, besides 
the ordinary firemen, highly skilled attention is necessary 
for the pulverizers, etc., which means high running costs. 
The amount of power required to drive the piant also 
needs careful consideration. 

(7) In large and important stations. continuity of 
supply must come first, and this favours pray of 
design and general lay-out. 

1 do not for one moment wish the author to conclude 


from my remarks that 1 am not in favour of powdered- 
fuel plant in suitable conditions. On the contrary, and 
subject to my remarks above, I think it has a great 
future because there.is no doubt that from time to time 
various improvements in. the system will be evolved 
which may lead towards simplicity of design and reduc- 
tion in capital costs. The powdered-fuel system, like 
the stoker system, has its advantages as well as its draw- 
backs, depending on the special circumstances under — 
which it is brought into use, and of course local condi- 
tions. When so many examples of what has been or is : 
being done in America are continually being brought to 
our notice it is important that we should appreciate that 


the conditions here and in America are vastly different. 


Coal here is different-and varies considerably even from 
the same pit. The climate is different, and large quan- 
tities of sea-borne coal are made use of, all of which may 
have a bearing on the water.content. And lastly, it 
must be borne in mind that this country is more thickly 
populated and the inhabitants will not tolerate the dis- 
charge of fine dust from tall chimneys even if it is carried 
long distances, particularly when it is proposed to con- 
sume something like one million tons of fuel per annum 
at some of these large generating stations in the future. 
Special. apparatus has at great expense been designed to 


overcome this trouble, but there is still room for con- 


siderable improvement. As 1 have-indicated, neither 
system is perfect and there is room and a great future for 


both, particularly if run in conjunction with a proved 


commercial method of coal distillation. 


[The author's reply to this discussion will be found on 
page 1143.) 
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Mr. E. Seddon : A pictorial lay-out of a powdered- 
fuel plant is fascinating to.an engineer who.perceives in 
it greater flexibility of control than is possible with 
mechanical stokers, but- on investigation he finds that 
the preparation of the fuel before it is ready for the 
burners is likely to cause him:much-more concern than 
the handling of raw fuel with which he is familiar in 
stoker plants. Some years ago I inspected a number of 
powdered-fuel plants in this country and on the Conti- 
nent; and I found that the coal-drying apparatus was 
causing'a considerable amount of trouble, and this be- 
came worse as the precentage of moisture increased. 
Users were also very much concerned with the heavy 
wear and tear of grinding mills, blower fans and pipe- 
work. Qf course all progress in engineering is one of 
trial and error, but it-now seems evident that reliable 
and standard plant is about to emerge from the vast 
amount of knowledge available on this subject. The 
author’s frankness in the statement he makes on page 1114 
must appeal to every central station engineer. He says, 

‘It follows, therefore, that the plant in process of 
design and construction is obsolete in many: of its fea- 
tures upon completion, and that so long as there is 
substantial: progress in thought as applying: to. such 


plants,' the only really modern plants are those in the . 


proposition stage on the draughting board.” When 
considering this subject we must not lose sight of the 


fact that mechanical stokers, especially of the chain- 
grate: compartment type, have kept pace with the 
development. of powdered-fuel equipment for medium- 
sized boilers. I do not agree with the author when he 
says that the furnace maintenance of mechanical stoker 
plants is becoming prohibitive. That depends on many 
factors such as inlet air temperature, size and design of 
combustion chamber, etc. - In my opinion, where small 
washed. coal can be obtained at reasonable prices stoker- 
fired plant will compare favourably with powdered-fuel 
plant in total annual costs on boilers up to, say, 100 000 Ib. 
of steam per hour. Even ifit could be shown that a saving 
of -5 per cent was. possible with powdered-fuel plant over 
modern stokers,. any such.saving would not affect the 
selling price of current by more than $ per cent. Relia- 


bility of supply is. of: foremost importance to station 


engineers, and the more simple the plant is to operate 
the better for the undertaking concerned. The author 


-looks forward to the time when free non-combustible 


matter will be separated from the fuel, and 1 should like 
to point out that the washing plant now in general use 
at the collieries preparing coal for mechanical stokers is 
carrying this out to a.large degree. In this connection 
it might interest members to know that we occasionally 
send our coal to an expert to be X-rayed to let us see 
whether it is being: properly washed. : 

Mr. N. C. Bridge: The respective technical features 
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of the pulverized-fuel and stoker systems are very fairly 
treated in the paper, but no relative costs for the two 
systems are given. In the case of a large boiler plant 
which. the Clyde Valley Electrical. Power Co. are now 
proceeding with in one of their stations, I find that the 
cost of the chain-grate stokers (which are of the com- 
partment type, using preheated air), plus the furnace 
arches and furnace lining, works out at approximately 
£0-5 per kW of equivalent generating plant. It would 
be interesting to know what the corresponding figure 
would be for pulverized-fuel equipment and furnaces. 
As regards relative running costs, I was told in one works 
in England which I visited last year, where pulverized 
fuel was used, that the working costs for pulverizing 
added an extra 3s. 6d. per ton to the cost of the coal. It 
would be interesting to know whether that is a repre- 
sentative figure. If the costs are really much higher, 
why are we considering pulverized-fuel firing at all in 
this country? There is admittedly very little difference 
in efficiency as compared with stoker firing when pre- 
heated air is used, and I think that even on the score of 
size of unit there is no convincing case for pulverized 
fuel. The largest generating unit that is likely to 
become general in this: country within the next few 
years I should put at 30000 kW, requiring, with 
auxiliaries, say 300000 lb. of steam per hour. The 
most suitable number of boilers per unit would, 
I should say, be three or four. I do not agree with 
the American practice of making the boiler units as 
large as the generating units, because the compulsory 
“ outage ’’ time of a boiler is necessarily very much 
larger than the “outage ” time of a turbo-generator. 
If, then, we divide our 300 000 Ib. of steam per hour over 
three or four boiler units, we -have a size of boiler which 
can quite well be served by chain-grate stokers. What 
other claims there are in favour of pulverized-fuel firing 
it is a little difficult to follow. Perhaps there is a slight 
advantage in flexibility. I think that one of the main 
‘benefits of having introduced the system into this country 
is that it has provided a rather much-needed tonic for 
the stoker manufacturers. On page 1112 furnace tur- 
bulence is referred to. That, I think, is a point of some 
importance to which stoker manufacturers have given 
very little attention. I imagine that where there is 
excessive turbulence, there is somerisk of any projecting 
corners of furnace walls, etc., catching the full force of 
the swirling gases and being rapidly burnt away, but 
turbulence will undoubtedly improve the combustion in 
the furnace and should enable us to keep within reason- 
able furnace volumes. In connection with Fig. 12, I was 
rather surprised, after reading earlier in the paper about 
the necessity of not allowing any condensation to take 
place in the pulverized-fuel piping, to find that in this 
case the whole of the evaporated moisture from the coal 
is passed into the furnace along with the powdered coal 
and the primary air. It looks as though this might lead 
to clogging of the pipe under certain conditions. 

Mr. J. Lingard : Not many months ago we in Edin- 
burgh had to make a decision -on -the question of 
pulverized fuel versus stokers. The Corporation’s 
specification offered three alternatives to manufacturers: 
(1) economizers and stokers, (2) economizers, air heaters 
and stokers, and (3} pulverized fuel; and it was inter- 


- esting to note .that- the normal.load efficiency was given 


in the tenders as 83 per cent for the first, 84 per cent for 
the second, and 84 per cent for the third. In considering 
the pulverized-fuel system, it is not the use of pulverized 
fuel but the process of powdering which decides the 
question. The auxiliary plant which has in the first 
place to be installed for drying the low-grade coal, which 
in the Lothians contains anything from 15 to 25 per cent 
moisture, is quite a big proposition and almost puts 
pulverized fuel out of court from the start. The paper 
brings out the great development which has taken place 
in the comparatively short time since we considered the 
question. One of the troubles with pulverized fuel is the 
large amount of erosion in the conveying plant generally, 
and the position of the extractor fan. The system illus- 
trated on the lantern slide, showing the position of this 
fan immediately before the pulverizer, is a great im- 
provement and must certainly decrease the amount 
spent in maintenance. The author, in discussing stokers, 
has mentioned the large amount of maintenance required 
on brickwork, etc., and I presume he bases his statement 
on contemporary practice, which is trying to keep level 
with high furnace temperatures with high-temperature 
preheated air. In the plant about to be installed in 
Edinburgh I think we have decided on what will be a 
safe temperature for preheated air under the grate, 
namely 250 to 300°F. The figure for stoker main- 
tenance in Edinburgh works out at about 14d. per ton 
of coal burnt ; the combined boiler and brickwork cost 
is about 6d. per ton, and the cost of brickwork itself is 
from 24d. to 23d. These figures include wages and 
material over one year. The conveying of coal is a 
problem which will have to be tackled in any attempt 
which may be made to burn low-grade fuels, because 
even in dry drosses we get a large percentage of moisture 
which cannot be efficiently dealt with, even on the plant 
that we have at present. | 

Mr. J. Hagen: It can be admitted that pulverized- 
fuel installations have given higher boiler efficiencies, 
but I think we are more concerned with the commercial 
efficiency, the units used in auxiliaries, the cost of main- 
tenance, and the amounts to be met in respect of capital 
charges. Some figures produced in connection with 
pulverized-fuel plants where efficiencies of 84 per cent 
for continuous operation have been obtained gave the 
maintenance figure as only. 8d. per ton, but the auxiliary 
charges were very much higher, viz. in the neighbourhood 
of ls. per ton for pulverized-fuel firing, as against 34d. 
per ton for stoker firing. Comparisons of cost of the two 
systems would be of great interest. I agree with Mr. 
Lingard as to the importance of the problem of coal 
conveying. It would be very costly to use live steam 
for driving out the large percentage of moisture from 
refuse coal, but I admit that in any case the moisture 
would be driven off in the stoker furnace, although in 
that case there would be no capital charges to meet. 
Are any figures available with regard to the maintenance 
of fin tubes? “In particular designs of plant I am of 


opinion that there ig a great-danger of these tubes crack- 


ing under certain conditions, and I advocate the use of 
economizers in connection with such installations. In 
cases where boilers are rapidly brought up to full pressure 
in emergency, have the boiler makers any system of 
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improving circulation so as to avoid severe strain on the 
whole boiler equipment ? Given pulverized fuel of 
consistent dryness and degree of pulverization, the 
automatic control of boilers should be easily attainable. 
I am of opinion that the question of noise is a very 


important point in connection with pulverized-fuel 


equipment, and it would apply particularly in Edinburgh 
where there are so many residents close to the power 
station. 

Mr. G. Gunn: The system of burning coal in a pul- 
verized form is one which appeals to the engineer. Itis 
a fine principle. We mix a particle of coal with its 
proper proportion of air to secure combustion, instead of 
placing a comparatively large piece of coal on a grate 
and supplying a large quantity of air round it. In the 
one case coal and air are intimately mixed in their 
proper proportions. In the other case some of the air is 
used in the combustion of the coal and some absorbs 
heat and carries it to the chimney, to the detriment of 
our CO, content. It is also very convenient to be able 
to control the combustion of our:coal as if it were a gas. 
We can obtain immediate response in the output of our 
boilers and we can more easily obtain automatic control 
of our steam supply. Power station engineers are con- 
cerned with the effect which pulverized fuel will have on 
the generation of electricity. Will it cheapen genera- 
tion costs by increasing efficiency, by allowing a cheaper 
fuel to be used, or will the disadvantages of its use out- 
weigh any gain ? In the generation of electricity we 
must obtain the utmost efficiency. We must use the 
fewest thermal units per kWh generated, provided that 
the necessary process is not in itself expensive. In the 
electricity supply industry continuity of supply is more 
vital than efficiency. Will the use of pulverized fuel 
menace the reliability of supply? At present power 
stations work their boilers day in and day out at an 
efficiency approaching 80 per cent, using mechanical 
stokers. The author claims 84 per cent for pulverized 
fuel. Is this a test figure or is it taken over a whole 
week? Stoker-fired boilers give 84 per cent efficiency 
under test conditions. Granting that pulverized fuel 
will give us a slight increase in efficiency and that cheaper 
coal may be used, what are its disadvantages ? How is 
the increase to be paid for ? Owing to the erosion of 
boiler tubes and refractory linings of furnaces, boilers 
using pulverized fuel will require to be taken out of 
service for longer periods than stoker-fired ones. This 
will mean an increased number of boilers and a larger 
boiler house. It will also mean increased maintenance 


costs for men and materials. At present our boilers are 
only taken out of service once a year and our maintenance 
costs on refractories are 24d. or 22d. per ton of coal 
burned, as compared with a possible 48d. mentioned by 
the author. Water-cooled furnace walls are used with 
pulverized fuel, but they are a source of trouble and their 
Maintenance is high owing to ash erosion. We have to 
pulverize the coal and this requires extra machinery, 
This machinery is subject to rapid wear and tear and 
any failure may lead to a total or partial breakdown of 
the electricity supply. A question has been raised as to 
whether it would be possible to place pulverizing mills 
on a vacant site about } mile from a power station. 
Would there not be excessive erosion in the long pipes 
used to convey the powdered fuel, and would there not 
be a risk of choking the pipe? Can the author. say 
whether there have been any cases of explosion in pow- 
dered-fuel pipes or cases of spontaneous combustion ? 
I have visited the powdered-fuel plant at Gennevilliers. 
The noise of the pulverizers and the deposit of fine dust 
from the chimneys would be detrimental to a power 
station in a residential district. No doubt these troubles - 
will be overcome in the future. Tosum up: I like the 
idea of pulverized fuel, the flexibility which it gives in 
control of steam generating plant, and the probable 
increase of efficiency and use of low-grade coal, but the 
system will have to be greatly improved before it reaches 
the reliability of stoker firing. The drawbacks to its use 
warrant careful consideration before it is installed. 

Mr. J. M. Couch: The paper could with advantage 
be extended to give direct comparisons with other 
methods of steam raising; say, coal used in mechanical 
grates, coal-gas or coal-oil fired boilers. To the engineer 
the real advantage of any method of using any grade of 
fuel must be compared with the overall cost of producing 
1 kWh at the generating station by each of the different 
methods. Itis agreed that with coal converted to gas or 
oil the disposal of by-products complicates matters ; but 
the advantage of having the fuel stored away from the 
generating station and the low loss by friction in the pipe 
line, as compared with the loss of friction in a pulverized- 
fuel plant, would be a distinct gain. It is gathered that 
the limit of transmission of pulverized fuel is 1 000 yards. 
If comparative costs of each method are available and 
can be given, they would be of great value to engineers 
in advising the best method of using any fuel to the 
greatest advantage. 


[The author’s reply to this discussion will be found on 
page 1143.) 


NORTH-WESTERN CENTRE, AT MANCHESTER, 20TH MARCH, 1928. 


Mr. W. Bayliss: Earlier papers on this subject 
claimed thermal efficiencies of 90 per cent (gross) and 
we were confidently told that all classes of refuse com- 
bustible material, such as the deposits from coal wash- 
eries, colliery dant and pit heaps, coke breeze and other 
material, could be effectively dealt with by a pulverizing 
system. The advocates of pulverized fuel have since 
realized that there is more in the pulverizing problem, in 
this country at any rate, than was apparent a few years 
ago. The present paper seems to be a general descrip- 
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tion of the apparatus utilized in connection with pul- 
verized-fuel firing and does not give any results of actual 
installations in operation in this country. Consequently 
there is very little miatter of a debatable nature to deal 
with. The author rightly mentions that the problem of 
handling British coals is quite different from that of 
handling American coals. He does not, however, make 
much of the fact (and I think this is a very important 
one) that atmospheric conditions in this country present 
a different problem and introduce complications which 
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are rarely met with in the dry atmosphere found in 
America. Whilst I am equally interested in pulverized- 
fuel firing and stoker firing, I am pleased to note that the 
author fully appreciates that pulverized-fuel firing is not 
always the philosopher’s stone in connection with steam- 
raising proposals. When dealing with the two systems, 
one must make the comparisons between up-to-date 
plants of both systems. Water-cooled combustion 
chambers are just as applicable to stoker-fired units as to 
pulverized-fuel-fired units, and in view of the progressive 
nature of the designs of stokers it is possible to design 
stoker-fired boilers up to at any rate the present size of 
units which electrical engineers in this country are 
demanding. On page 1102 the author gives in connection 
with the maintenance of a stoker-fired plant a figure of 
48d. per ton of coal fired, and states that this expense 
was on account of furnace maintenance, This figure 
seems to represent such an extortionate cost that one is 
inclined to think that a decimal point has been omitted. 
With regard to the water-cooling of stoker-fired furnaces, 
also the water-cooling of stoker arches, such systems are 
actually in operation with, as far as one can state, every 
evidence of success. In connection with the system of 
pulverized-fuel firing most of the paper has been devoted 
to what is known as an “‘ air separation * system. Iam 
not at all satisfied that this system, in this country at 
any rate, is one which is likely to be standardized. The 
difficulty is one of atmospheric moisture. A study of 
Fig. 1, which is a diagrammatic arrangement of a pul- 
verized-fuel equipment on the air separation system, 
shows that coal fed into the pulverizer is removed from 
the pulverizer by means of an exhauster fan, which fan 
discharges the air, with pulveizred fuel in suspension, 
into a cyclone separator where the air is separated from 
the fuel, the former returning to the mill to act again 
as the conveying medium for further pulverized coal. 
Except for a small vent at the top of the pipe leading 
from the exhauster fan to the cyclone separator, the air 
circuit from the mill, and back to the mill, is a closed 
system. The diagram shows that a raw-coal drier is 
inserted in the system, but it will be appreciated that 
the raw coal in passing through the drier is not wholly 
relieved of the free moisture, and in addition there is the 
inherent moisture in the coal. During the process of 
pulverizing, the remaining moisture in the coal is partly 
evaporated due to the conversion of wark into heat 
during the pulverizing process, and the resultant vapour 
is mixed with the air used for the transport of the 
pulverized fuel from the pulverizer. In my experience 
the moisture in the conveying air is cumulative, and a 
severe change in climatic conditions, such as a sharp 
frost, is very apt to make the conveying pipe to and 


from the mill act as an atmospheric condenser, and the 


moisture-laden atmosphere in the pipes condenses and 
very seriously affects the operation of the plant. In my 
opinion the screen pulverizing mill is the most satis- 
factory, as with such a system no extraneous air comes 
into contact with the coal between the raw-coal bunker 
and the overhead pulverized-fuel hopper in the boiler 
house, except a small quantity used in transporting the 
pulverized fuel from the pulverizer to the boiler house 
bunkers. The authorstates on page 1105 that the coal- 
drying problem is on the eve of solution, but I suggest 


up with the gases. 


that the solution is already available. Raw coal con- 
taining up to 20 per cent of free moisture has been satis- 
factorily dried in apparatus which is at present in 
operation. Fig. 3 is a diagrammatic arrangement of a 
system using hot gas for drying the fuel, and certain 
temperatures are given. The temperature of the waste 
gas taken from the chimney is given as 362° F. Obviously 
if the diagram is representative of an actual plant the 
overall efficiency of the plant cannot be anywhere in the 
neighbourhood of 90 per cent—a figure which the advo- 
cates of pulverized fuel are very inclined to claim. 
Mention is made of the exceptional provisions which 
have to be provided in the case of cyclones, pulverized- 
fuel bunkers, and other details, so as to give efficient 
insulation.. Such provisions, of course, are. mainly 
applicable to an air separation system and not to a 
screen separation system, and 1 should like to point out 
that, although in, the air separation system the provisions 
mentioned are absolutely necessary, these cost money 
and raise the capital cost of the plant. I have had some 
experience of the transport system shown in Fig. 7 and 
I believe it to be very satisfactory. In connection with 
the figures given by the author for the limiting size of 
stoker-fired boilers, I recently read of some large stoker- 
fired plants in America. At the Beacon Street station 
stoker-fired boilers which are stated to have a capacity 
of 190 000 kg of steam per hour are installed. At the 
Hudson Avenue station stoker-fired boilers of an evapo- 
rative capacity of 160000 kg of steam per hour are 
installed. At the Norfolk Street station stoker-fired 
boilers of 125000 kg per hour capacity are installed. 
These units are considerably larger than anything we 
have in this country on either system of firing. The 
question of protecting the refractories, or eliminating 
refractories in the combustion chamber, is a very 
debatable matter. 1 consider that, in view of the smoke 
laws in force in this country, it is most inadvisable to 
have water-cooled walls unprotected by refractories as it 
is difficult to prevent smoke if bare water-cooled walls 
are employed, and, further, it is also difficult to operate 
a boiler below half-load rating conditions. When the 
water walls are protected by a thin refractory the water 
tubes prevent the refractories from becoming dangerously 
overheated, and at the same time eradicate the smoke 
nuisance ; they also enable pulverized-fuel boilers to be 
operated at very low load rating—probably 25 per cent 
of the normal rating. The ash problem is a very serious 
one. It is perhaps not sufficiently well known that 
anything up to 80 per cent of the ash in the coal is carried 
Some of the ash is deposited on the 
heating surface of the boiler, but the majority passes 
away from the top of the chimney with the exit gases. 
Many types of grit and dust collectors have been in- 
stalled. Some of them are reasonably efficient, but even 
the best allow a considerable amount of dust to pass out 
of the chimney with the furnace gases. To minimize to 
some extent the nuisance created by the deposit of dust 
in the neighbourhood the author suggests the building 
of very high chimneys, and mentions that in the United 
States chimneys up to 350 ft. in height are not unusual, 
and there are a few instances of chimneys 400 ft. in 
height. These high chimneys, of course, enable the dust 
to be carried away from the immediate neighbourhood 
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of the power station, but it is bound to settle sooner or 
later, and the provision of these very high chimneys adds 
very greatly to the cost of the plant. The following 
figures relating to the unburnt carbon in the ash taken 
from the boiler heating surfaces have been published: — 


Susquehanna River station .- 21-14 per cent 


Duquesne Light Co. (Colfax Street) .. 12 to 20 percent _ 
Trenton Channel ' 17 to 33 per cent 
New Orleans Public Service Co. 13 to 19 per cent 


It is very difficult to avoid these losses in the case of 
bare water-cooled furnaces, particularly under low-load 
conditions, and as practical figures become more and 
more available this source of loss, which was not at one 
time generally realized, is seen to need close attention. 

Mr. A. L. Lunn : Personally, I am very disappointed 
with the paper. Users—and prospective users—of pul- 


verized fuel would, I am sure, have appreciated the - 


inclusion of operating and maintenance costs, and the 
paper would have been of greater value had it included 
statistics for the following items :— 


Operating cost, labour— 
Firemen and boiler attendants .. 
Coal- and ash-handling 


Coal preparation .. 

Maintenance cost— 
Labour— Pence per 
Pulverized-fuel preparation equipment ton of 
Pulverized-fuel burning equipment... coal . 
Boiler settings and furnace linings 7 fired. 
Materials— | 
Lubricants 


Pulverized-fuel preparation equipment 
Pulverized-fuel burning equipment 
Boiler settings and furnace linings 


It would then have been possible for users of stoker-fired 
boilers to compare the relative costs of pulverized-fuel 
and stoker equipments. On page.1102 the author— 
referring to stoker firing—states: ‘‘ Furnace main- 
tenance expressed in pence per ton of coal fired has, in 
one instance authoritatively but confidentially reported, 
reached the prohibitive figure of 48d., and in several other 
instances it is known to have exceeded 24d.” Surely 
there is some mistake here ; 1 suggest that these figures 
should read ‘‘ 4-8d.” and “ 2-4d.,” respectively. Asa 
matter of interest, this figure for the Barton power 
station during the last 12 months is 3-99d,, made up as 
follows: Labour, 1-43d.; materials, 2-56d. During 
the last 10 years, engineers have been faced with the 


acute problem of obtaining refractories which would 


withstand the increased furnace temperatures brought 
about by the introduction of steam-raising units of much 
larger capacity. It has been the practice for brick 
manufacturers’ representatives to inform prospective 
customers that their special products have given every 
satisfaction to other purchasers, but, as so many factors 
enter into the question, the “life” of any particular 
refractory can only be proved by experiments carried 
out under actual working conditions. In other words, 
the brick found to be the most satisfactory i in one’s own 
case may be a total failure if tried in some other locality, 


under different conditions, and using another class of 
coal. On page 1101 the author refers to authentic. gross 
efficiencies of 87 to 89 per cent as being obtained in 
several instances. Further information regarding these 
efficiencies would be interesting ; where they were ob- 
tained, for how long they were maintained, and whether 
it is possible to see plant operating at such high effi- 
ciencies in this country. The power station engineer's 
aim is to generate steam at the lowest possible cost, and 
the labour and maintenance costs for obtaining such 
efficiencies as those referred to by the author would be of 
great interest. His reference to the ash problem is 
extremely interesting, and 1 am sure that all who use 
coal for steam-raising purposes will welcome the dis- 
covery of means for extracting the ash from fuel before 
its utilization in combustion processes, if they are proved 
to be a commercially practicable proposition. It is to be 
hoped, however, that this will be done at the source, 30 
that the boiler-house engineer will not have to operate 
this plant as well. If the introduction of pulverized 
fuel—with all its attendant apparatus and complications 
—will mean the conservation of the country’s coal 
resources by the utilization of low-grade fuel which 
otherwise would be left in the pits or turned out on the 
dumps, then it is the duty of every engineer to give this 
plant a fair trial, thus proving whether, in his particular 
locality, it is a commercial proposition or not. 

Mr. A. E. Clarke: It must be borne in mind that, 
apart altogether from the very large public supply plants, 
there is a multitude of small isolated plants used in all. 
kinds of manufacturing processes which entail the use of 
steam, and, therefore, any assistance towards improve- 
ments in the utilization of coal for such small plants or 
units should be welcome, and it is in this sense that I 
wish my remarks to be applied. J agree with the author 
when hesays (on page 1102) that large boilers should be 
equipped with pulverized-fuel plant, and, indeed, it is 
difficult to understand how any other method could be 
applied. When one considers the grate area necessary 
in a boiler having an evaporative capacity of 530 000 lb. 
of water per hour, such as is installed in the Gould Street 
station, Baltimore, U.S.A., even if combustion were to 
proceed at the rate of 50 lb. per sq. ft. of grate it seems 
impossible that a design for a grate of normal type could 
be evolved which would operate satisfactorily. I have 
heard it said by boiler designers that the present figure 
for boiler output per square foot of heating surface could 
be increased tremendously if they could install.a suff- 
ciently large grate, or could increase with safety the rate 
of consumption per square foot of grate area, and I 
suggest that pulverized fuel, by eliminating the grate 
entirely, shows one solution of the difficulty. The 
author also says that, speaking generally, small boilers 
should be equipped with stokers, but what does he mean 
by “ small ”? If boilers of 30 000 lb. of water per hour 
are to be considered small, then I disagree. In our own 
case our application was to a boiler of the Babcock and 
Wilcox land type, of 25000 lb. per hour evaporative 
capacity, already equipped with chain-grate stokers. 
We were limited by the space exigencies of the situation 
to a certain maximum capacity of combustion chamber, 
which had to be installed considerably smaller than 
would have been the case had we had a clear field, and, 
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therefore, I do not put forward our own experiences as a 
criterion of attainment, but merely as a guide to others 
interested, in the hope that they will be helped in some 
degree. The plant may be considered as an experiment 
which is still in progress and which has not yet reached 
finality. It has been in operation for 18 months. The 
boiler itself has not been altered in any way ; all that 
has been done has been to remove the chain grates, and 
in their place—including the old ash-pit—there has been 
constructed a combustion chamber of plain design of a 
capacity of 1 832 cub. ft., which has been equipped with 
two burners of the ‘‘ Buell ” type. In these burners the 
pulverized fuel, mixed with a small quantity of air, is 
delivered through a centre tube which discharges con- 
centrically to a larger tube which, in turn, is connected 
with the outer air. Air is drawn by injector action 
through the outer tube, and thorough mixing of the fuel 
with the incoming air is assisted by means of suitably 
placed deflector plates. The length of flame is adjustable 
within certain limits. Ignition takes place about 6 in. 
from the burner mouth, and the fuel burns quite silently. 
Additional heated air for the completion of combustion 
is admitted to the combustion chamber by ports in the 
furnace walls, the admission being controllable by means 
of dampers. Two pulverizers—one to each burner—are 
fitted, each of 2 240 Ib. per hour output, the air for fuel 
propulsion being preheated by being passed through flues 
within the furnace walls, and the fuel being passed 
directly to the furnace after pulverization. The feed 
system, therefore, is of the ‘‘ direct-fired’’ type. The 
pulverizers.are of the disc type, the discs being placed 
horizontally, and are fitted with a large number of pins 
which are, so to speak, interlaced, and graded in dimin- 
ishing sizes from the centre outwards. The fuel is intro- 
duced at the centre of the discs and, after being pulver- 
ized, is collected and delivered to the burners by means of 
a fan connected to the bottom, or rotating, disc, the 
speed of which is 3 000 r.p.m. The furnace is lined with 
a good-grade refractory brick, the arch being of the 
“ Liptak ” suspension type. The boiler steams with 
ease continuously at its full rated output and is capable 
of considerably increased capacity if necessary. We 
find that the output is limited by the furnace conditions, 
that is to say, high outputs result in rapid deterioration 
of the furnace walls, due to erosion and slagging. The 
consumption of energy per ton of fuel milled works out 
at about 30 units. Our combustion troubles have been 
slight, such troubles as we have had having been confined 
to the pulverizers, the pins of which wear so seriously 
' that after 100 hours’ run it is necessary to replace a 
number of them. Deterioration may be gauged by the 
quality of the product, which falls continuously as the 
mills are used. Thus :— . 


200 mesh 


Coal through 100 mesh 
Ist hour's run .. 98 per cent | 91 per cent 
After 100 hours’ run 79 per cent | 63 per cent 


The result of this deterioration in quality is that slag- 
ging occurs in the combustion chamber, commencing 


regárds the quality of the product. 


after about 50 hours’ run on the pulverizers, and increas- 


.1ng as the pins of the mills are eroded. The slag is 


deposited in the bottom of the combustion chamber and 
is quite easily removed periodically whilst the boiler is 
steaming. We have reached the conclusion that this 
type of mill is unsuitable for the pulverization of so 
abrasive a material as coal, and we are now in negotia- 
tion for other pulverizers which will be installed under 
guarantees of a maintenance cost not exceeding 3d. per 
ton of fuel milled, with, of course, suitable guarantees as 
Figures in tests 
made by the boiler makers are as follows : 


Output 25 633 1b. per hour. 
Fuel (actual) | 3105 ,, > 
Calorific value (actual) . 12 109 B.Th.U. per lb. 
», (dried) . 13270 ,, 3 
Evaporation per Ib. (actual) 8-26 1b 
5 from and at 212° F. 9-45 ,, 
Fuel consumption per cub. ft. of 
furnace volume per hour 1-70 ,, 


Combustion space per Ib. of fuel 
burnt per hour 


: 0-60 cub. ft. (nearly) 
B.Th.U. generated per cub. ft. of 


furnace volume per hour 20-585 
Efficiency based on net value of 
the fuel 88 per cent 


This compares with an efficiency of 75 per cent when 
using mechanical stokers. The temperature observed in 
the hottest part of the furnace, taken by means of an 
optical pyrometer, appears to be about 1 450°C. The 
figure of 0-60 cub. ft. of combustion space per 1b. of fuel 
burned per hour is interesting, as most furnaces are 
designed for a space of 1 to 1-5 cub. ft. per lb. of coal 
burnt per hour. We are able to use fuels which have an 
ash content of 10 per cent or less, but we are of the 
opinion that if the combustion chamber were larger, then 
cheaper grades of fuel could be burned satisfactorily. 
Apropos of this, it is doubtful whether much advantage 
lies in the use of very cheap fuels when the plant is 
situated at a distance from the pits, as, when one has 
taken into account the increases in freights, handling 
and pulverizing charges, there seems to be little in it. 
In addition to this, of course, there is the greater ease in 
operation and the more certain results obtained when 
using a good-grade fuel. For the benefit of those inter- 
ested in the cost of such furnace conversion and the 
installing of pulverizing plant, the following figures may 
be quoted :— 


Removal of the old furnaces and stokers and the £ 


construction of the new combustion chamber. 1160 

Burners, pulverizers—2 of each—including ~ 
motors, startors, pipework, coal feeders, etc... 1840 
£3 000 


Erosion of the combustion chamber is in some degree 
controllable, but under normal conditions we find that 
the back wall requires refacing after 1 400 hours’ steam- 
ing, the side walls stand for about 4 500 hours, whilst the 
arch, up to the present, has needed practically no repairs 
after 8 300 hours’ steaming. The plant has proved 
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reasonably reliable in operation and at no time have we 
been incommoded by a failure. We have found it pos- 
sible when operating only one burner to obtain 75 per 
cent of full evaporation from the boiler, but at the cost of 
severe deterioration of the combustion chamber walls. 
Combustion proceeds efficiently and the average CO, 
content is 13 per cent. Higher values can, of course, be 
obtained, but only at the cost of damage to the com- 
bustion chamber walls. Before concluding I would 
emphasize that all the foregoing is based on a design 
which we know has severe limitations, and results should 
not be taken as a criterion. Moreover, I do not suggest 
that anyone can obtain an increased efficiency of 12 to 
13 per cent by simply installing pulverized-fuel plant ; 
each case must be decided on its merits. I have only 
stated the increase in efficiency which was obtained in 
our. own operations carried out under the particular 
conditions involved, and I hope that the details given 
will be of assistance to others when contemplating similar 
conversions, and will show that plants of fairly small 
capacity can utilize pulverized fuel with advantage. 

Mr. W. Dundas : It is to be regretted that particulars 
of operating costs were not included in the paper ; these 
would have been valuable and are difficult to obtain. 
Many. conflicting statements are made from time to time 
as to the relative advantages of pulverized-fuel firing 
over stoker firing, but, judging from the rapid progress 


-which is being made, there must be something in it, and 


notwithstanding the extent of the additional plant in- 
volved and its attendant complication it becomes some- 


_ what difficult to form any definite conclusion. With 


regard to the claim of increased efficiency, I should like 
to ask the author whether an improvement of 5 per cent 
over good stoker practice can be reasonably expected. 
Combustion efficiency is limited by the ability of the 
refractory materials to stand up to the severe conditions 
imposed for any length of time, and that applies to both 
systems of firing, so it would be of interest to know the 
limiting value of the CO, content which has been found 
practicable. The maintenance of stoker-fired furnaces 
operating at 11 to 12 per cent CO, is a considerable item, 
and if higher values are attempted the maintenance costs 
will approach the extraordinary figures given in the 
paper. A serious loss with stoker firing is the uncon- 
sumed content carried over with the ash ; this increases 
rapidly at the higher ratings and is influenced also by the 
grading of the fuel. Both of these factors are absent 
with powdered-fuel firing. It would be of interest also 
to know the degree of flexibility possible with individual 
burners, also the effect of reducing the number of burners 
in operation on light loads. The elimination of the 
chain-grate stoker is an advantage, particularly in the 
large boiler units. Thestoker is by no means an infallible 
piece of apparatus and is liable to failure when subjected 
to heavy duty. It is often difficult to carry out repairs 
with the boiler in service, and with the introduction of 
the compartment type the difficulties are increased very 
considerably. As far as steam production costs are con- 
cerned, there does not appear to be any saving unless a 
cheap grade of fuel can be used, as the improvement 
obtained by increased efficiency will be offset by the 
extra capital cost and the cost involved in fuel prepara- 
tion. | 


Mr. V. Walker : I had an opportunity of inspecting 
a number of pulverized-fuel plants during the early part 
of this year, and to my mind one of the biggest difficulties 
in the bin-and-feeder system is the drier. Even the 
steam driers have quite a number of disadvantages. 
There are a number of steam joints to make and these 
are apt to cause trouble; there is the baking of the coal, 
and also, if care is not taken, dust is apt to be discharged 
from the drier fan. The maintenance cost also is high. 
I have always felt that the mill is the most efficient drier, 
providing all the agitation necessary for thoroughly 
mixing the air with the coal. With preheated air prac- 
tically any coal can be handled without reference to the 
moisture content, I have seen plants running on the 
unit system with coal that had 15 per cent of moisture, 
and they worked quite well. I note that in Fig. 12 the 
primary air supply is connected to the discharge side 
of the exhauster fan. In this case I think there may be 
trouble due to condensation and to pulverized fuel getting 
into the primary air circuit. I should like to ask the 
author what is the steam consumption of the steam drier. 
In Fig. 3the ventis taken from the top of thecyclone. I 
think that this will prevent thesupersaturation of the flue. 
gas and probably cause less condensation in the return 
line. Two or three weeks ago I visited: a Durham 
colliery which had six 30 000-lb. boilers fired on the unit 
system, the fuel being fines from the screenings. Pre- 
vious to installing a pulverized-fuel plant the boilers were 
hand-fired, 24 men per shift being employed, whereas 
the number is now 5 per shift. The load is very fluc- 
tuating, due tu the winding engines, and trouble due to 
boiler tubes blistering occurred under hand-firing con- 
ditions, but the new plant has given no trouble at all in 
that respect. I should be glad if the author would say 
what is the power consumption of the bin-and-feeder 


‘system, including the induced-draught fan. Would 


25-30 kW per ton cover it? 

Mr. W. Kidd: Pulverized fuel seems to have some 
advantages, but the investigations which I have made 
lead me to think that it cannot be a success unless a 
cheap supply of fuel and also a high load factor can be 
assured. I think that the author did the right thing 
when he decided to omit efficiencies from the paper, 
because each case should be dealt with strictly upon its 
merits. Efficiency, alone, is of no account ;. efficiency 
on test is also of very little avail. It is a high annual 
efficiency that is wanted, coupled with low costs for 
operation and maintenance, and low capital charges. 
Most of the large stations that have adopted pulverized 
fuel have chosen the bin-and-feeder system ; but there 
is a very definite tendency to turn away from that and 


_to use the direct-fired system. One is forced to the con- 


clusion that the bin-and-feeder system, taking every- 
thing into consideration, has not really justified expecta- 
tions, and that the gain in efficiency—assuming there 
has been a gain—-has been neutralized by other costs. 
Having had some experience in the lay-out of pulverized- 
fuel plants, I quite appreciate that an engineer. would 
turn with a sigh of relief to a direct-fired system. It 
seems to be extremely doubtful whether pulverized-fuel 
firing can be a financial success, as compared with the 
high standard of stoker firing to be found in some power 
stations, unless a high load factor can be obtained. It 
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is in the national interest to use low-grade fuel, and ‘it is 


our business to surmount the difficulties, simplify the : 


system, and endeavour to make ita success. The author 
has stated some items as being disadvantages of the 
direct-fired system, but it appears to me that at least 
three of the items—Nos. (2), (4) and (5)—on page 1117 
are also disadvantages of any other system. He also 
seems to have in mind the probability: of a breakdown in 
a mill. What does he expect to break down? On the 
electrical side, using a.c. motors and given a well-designed 
station with a good auxiliary supply system, there should 
be no fear on that point at all. If it ison the mechanical 
side, what parts are likely to break down, and also how 
long will it take to make good that failure? Referring 
to the combustion chamber, I consider that the air- 
cooled wall js a very bad design.’ Thé wall is entirely 
honeycombed ; it seems almost impossible to get areally 
satisfactory job and make a proper bond. For that 
reason I should certainly favour the water-cooled wall. 
Some information as to the experience obtained with 
what, I believe, is termed the “* Bailey ” wall would be of 
interest, Referring to Fig. 12, it is rather peculiar that, 
after taking a great deal of trouble to get the moisture 
from the fuel in the mill, it is put back again in the 
burner. In dealing with the lay-out of pulverized-fuel 
plant there are two points which gave me particular 
concern. One was that we should get a drier which 
would be really satisfactory to deal with coal containing 

a very high percentage of moisture and also fine matter. 
The other point was the probability of getting moisture 
into the pulverized-fuel bin, and arching occurring over 
the outlet, or, alternatively, a hole forming right up 
from the outlet to the top. Has much trouble due to 
these causes been experienced ? Referring again to the 
system ‘shown in Fig. 12, it seems to me that in an ex- 
hauster system it is quite impossible to avoid accumula- 
tion of moisture at the bottom of the system, which 
presumably forms a slight sludge i in the mill. How long 
does it take to clean it out? It appears to me that the 
Fuller-Lehigh transport system, in which compressed air 
is used, is also a case where moisture will get into the 
system ‘with the compressed air. Is it usual or desirable 
to tool that air and attempt to get the moisture out 
of it? ` 

Mr. A. B. Mallinson : This paper is valuable in that 
it dogs not make extravagant claims. The pith of it, I 
think, is in the last two pages, which deal with the 
question of ash. Very great developments ate taking 
place, particularly in the bin-and-feeder system, before 
the coal goes into thé boiler, but no arrangements seem 
to have been made for taking care of the ash which goes 
otit of the chimney or out of the bottom of the furnace. 
When Iwas in the United States the first thing that 
impressed me was the ‘tall stacks. In 1923 I was told 
that although 20 per cént ‘of the ash went out of the top 
of thé stack, there was no néed to have tall stacks at all ; 
they were simply erected as ornaments. In 1924 I was 
told that 70 per cent of the ash went out of the top of 
the stack, and I can quite believe it when we hear now 
of thé extremely elaborates ystems, both mechanical and 
electfical, that ‘are being’ tried” ee res itate the ash or 
otherwise get rid of it before it Bae fhe he Stack. The 
author thenitions that he male S ee áré best for Small 


boilers. In a company with which I am connected we 
have changed to direct firing 5 Babcock and Wilcox 
boilers of about 15 000 Ib. per hour evaporation, and have 
since put in a 30 000-1b. boiler with a unit system. I 
give below some operating results. The average power 
consumed is 22 kWh per English ton of coal pulverized, 
but this figure can easily become 33 kW if there is any 
appreciable moisture in the fuel. Actually on a plant 
where we are generating about 8 million units a year the 
cost of power for pulverizing is 5 per cent of our total 
costs. Our works cost last year was 1-08d. per unit, 
with coal at 36s. per ton. Pulverized coal seems to be 
developing on two entirely different lines. In America 
the practice seems to be to use almost entirely what we 
should call good coal in England. Certainly at Cahokia 
they are using a coal with 19 per cent ash, but the 
usual figure is round about 10 per cent, yet in England 
the advocates of pulverized coal are all telling us that 
we can burn rubbish. My own experience in Mexico 
may be of interest. The Mexican dry slack contained 
24 - 8 per cent volatile matter, 52-9 per cent fixed carbon, 
and 22-3 per cent ash, and we found that we could not 
useit. One of our biggest stumbling blocks was a brown 
sort of lignite, which was very light and which contained 
17-2 per cent volatile matter, 11-8 per cent fixed carbon, 
and 71 per cent ash. This stuff was so light that it 
would fly back out of the pulverizer against the current 
of air going in. When it had been pulverized it would 
get through and be carried away by the draught of the 


_ air blowing in before it could be properly ignited. Our 


washed fines contain 9-2 per cent moisture, and when dry 
contain 26-6 per cent volatile matter, 60-1 per cent 


- fixed carbon, and 13-3 per centash. The power required 


to pulverize this fuel is excessive, being about 40 kWh 
per ton. We therefore.use ‘‘ washed pea ” coal, which 
contains 24:4 per cent volatile matter, 59-2 per cent 
fixed carbon, and 16-4 per cent ash. We have not 
adopted water-cooled walls, but simply have deep com- 
bustion chambers—2 000 cub. ft. for 3 580 sq. ft. boiler 
heating surface and 2 750 cub. ft. for 5 868 sq. ft. heating 
surface. I have just received 2 months’ operating 
results on boilers taken over 22, 34, 26 and 39 days. In 
every case the boiler has had to be taken out of service 
te enable the ashes to be removed. Personally, I think 
that, in America at any rate, by far the greatest reasons 
for going ahead with pulverized coal have been, first, the 
enormous plants installed, and secondly, the question of 
labour. 

Mr. H. F. Reeman : The system of drying depicted 
in Fig. 2 seems to me'to be very complicated. In the 
event of a failure of any one of the steam coils, trouble 
would result due to the effect of the condensation of 
steam from the defective coil or coils upon the coal which 


_ is passing through the drier. To carry out renewals to 
_ the steam coils would involve a considerable amount of 


trouble owing to inaccessibility. I should be glad if the 
author would give comparative operating figures based 
upon the heat consumption per ib. of fuel fired with a 


_ Steam-hedted drier, and a vertical drier utilizing waste 
- gases entering the drier at, say, 300° F., the latter type 


— 


embodying the use of fans for circulating the gas through 
the drier. With regard to fuel transport from the mills 
to the powdered-fuel bunkers, from a maintenance point 
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of view there is something to be said in favour of the 
pump system shown in Fig. 7. With this system the 
wear generally will not be as great as that on the air- 
swept system indicated in Fig. 6, where the mixture is 
travelling at high velocity from the mill to the cyclone. 
I notice that the author comments on the desirability of 
lining the interior of the pipes and the cyclone to mini- 
mize the wear due to the erosive action of the mixture 
handled. The introduction of water-cooled or steam 
and water-cooled furnace walls will be regarded as a 
blessing by those who have experienced the worry and 
anxiety of the maintenance of furnace refractories. In 
considering this equipment we must keep in mind that 
the rate of heat absorption is very rapid, so that careful 
consideration will be necessary in correctly designing the 
water walls from the point of view of maintaining definite 
circulation. Further, water-levels in the steam and 
water drums will have to be carefully maintained, 
especially where the supply of water to the wall tubes is 
taken from a boiler having a single overhead drum. One 
can appreciate the damage that would be caused to the 


. tubes in the event of a momentary stoppage of the water 


supply. On page 1114 the author mentions the desira- 
bility of introducing some refractory material in a pow- 
dered-fuel furnace for fuels of low volatile content in 
order to take advantage of the incandescent surface of 
the refractory walls to maintain proper combustion. I 
do not quite agree with him on that point at the 
moment, as it seems to me that if a sufficient degree of 
turbulence be created by correctly designed burners using 
preheated air in order to bring about rapid reaction 
between the combustible and oxygen, then the question 
of burning fuels of low volatile content will present no 
difficulties. It will, of course, be necessary to start up 
the plant with a fuel of high volatile content and 
afterwards switch over to the lower-volatile fuel. The 
flame of a powdered-fuel furnace is opaque ; that is, 
it is impervious to light. Therefore only the outer 
envelope of the flame could be affected by radiation from 
the surrounding walls. In the report of one of the 
engineers of the United States Bureau of Mines dealing 
with measurements and temperatures in a water-cooled 
furnace it was, I think, stated that within 5 in. or 6 in. 
of the centre-line of the water tubes the furnace tem- 
perature assumed the average value for the given rate of 
combustion. Is the type of furnace shown in Fig. 11 
limited to the burning of bituminous coal? There 
appears to be an absence of refractories in this particular 
design. I should like to refer briefly to an installation at 
Buffalo, U.S.A. The General Electric Co. have appa- 
rently incorporated with a boiler a “ well-type ” furnace 
8 ft. x 8 ft. x 12 ft. high. Water-cooled walls are in- 
troduced but are faced with carborundum blocks. The 
fuel and all the air necessary for combustion are inj jected 
tangentially, so as to produce a swirling motion in the 
chamber ; and after that the gases pass up to an over- 
head chamber and then to the heat-absorbing surfaces of 
the unit. In the event of a furnace of thát type dealing 
with fuel with an ash content of, say, 20 per cent the loss 
of sensible heat must be appreciable. With this type of 
furnace the ash is tapped off ina molten state. I suggest 


that when burning, or dealing with fuels having an ash | 


content of a high order the loss is worthy of serious con- 


” 
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sideration, I worked out some figures to-day, assuming 
a unit consuming 15 000 Ib. of fuel per hour, with an ash 
content of 20 per cent. With the type of furnace pre- 
viously mentioned the loss per 1b. of fuel was, roughly, 
1-3 per cent. From what I have seen of the bin-and- 
feeder system I have come to the conclusion that it is far 
too complicated. I feel that in time to come the direct- 
fired system will hold the field by virtue of its simplicity. 
The difficulties experienced with it now, which are chiefly 
questions of mill design, will no doubt be overcome. The 
design will then develop on lines to give us the same 
reliability as has been experienced with the chain-grate 
stoker. With regard to the author’s remarks on the ash 
problem, I think that the more progress we make with 
the grinding and combustion of the fuel the more difficult 
will become the problem of handling the resultant ash, 
which will be in the form of a very finely divided dust, 
and as it will be in an almost colloidal condition it will 
present very serious difficulties in separating it from the 
waste gases. It seems to me that some form of electrical 
precipitation will become necessary, especially in the 
vicinity of populated areas. 

Mr. S. W. Spurr: I am somewhat surprised that 
more attention does not appear to have been given to the 
direct-fired systems, as they are generally admitted to be 
much simpler than the system now under discussion. 
There are two types to be considered, namely, the high- 
speed and low-speed milling systems, each with its 
individual advantages. A point which must be taken 
into consideration is that whereas a low-speed mill and 
fan will consume in the neighbourhood of 25 kWh per 
ton of coal pulverized, the high-speed unit will show a 
figure of nearer 17 kWh. The degree of fineness of pul- 
verization is most important and a figure of 80 per cent 
through the 200-mesh (I.M.M.) standard should be 
attained, particularly when dealing with turbulent 
burners which, I consider, are bound ultimately to oust 
those of the long-flame type. The question of reliability 
and maintenance arises and here the low-speed mill, 
preferably of the small-ball type, scores in a very decided 
manner ; also the degree of fineness remains practically 
constant throughout its entire life, whereas in the 
majority of high-speed mills the finished product deterio- 
rates towards the end of the life of the beaters. 
the high-speed mill is the more flexible of the two. When 
pulverized fuel is used a supply of really dry coal and 
hot air must be assured. Where coal-drying is carried 
out in the mills by means of hot air, nearly all difficulties 
will be overcome if there is plenty of very hot air. If 
turbulent burners are employed a small combustion 
chamber is utilized owing to the short flame produced, 
and coal with a very low volatile content can be satis- 
factorily burnt if the air and coal are correctly mixed. 
Summing up, the unit system has the advantage of 
simplicity ; it lends itself to operation by unskilled 
labour ; there is a saving in capital cost ; and certainly 
it should be just as reliable as the bin-and-feeder system 
and can no doubt be applied to the largest boiler units. 
There appears to be nothing to prevent a unit system 
being applied to a boiler with an evaporation of 200 000 
1b. per hour. On a large installation of this type it might 
be an advantage to have a number of low-speed mills to 
deal with the bulk of the load; if and when fine and easy 
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regulation is desired a small high-speed mill could be 


installed to be run during these necessary periods. A 
high-speed mill is very flexible and gives results similar 


takes a few minutes to respond to an alteration of the 


- coal feed. 


[The author's reply to this discussion will be found 


to gas-firing in this respect, whereas a low-speed mill | on page 1143.] 
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Mr. H. L. Riseley : It seems to me that in order to 
increase the efficiency of the boilers and to increase their 
evaporation, hot air is being introduced into the furnaces 
and that, what with the idiosyncrasies of the various 
types of coal and the difficulty of burning it, and the 
high cost of upkeep of the furnace brickwork and the 
stokers themselves, we may be somewhat unwillingly 
forced to use pulverized fuel, more especially on the 
larger units. Although a very great number of articles 
have appeared in the technical Press and elsewhere, it is 
quite impossible to gather what are the economic results 
of using this system of burning fuel. Even if an effi- 
ciency of 87 per cent is obtained, that is not the whole 
-story. What is the cost of grinding, drying the fuel, 
repairing auxiliary apparatus and furnace brickwork, 
and driving the various auxiliaries ? It is the total 
cost that matters ; it is quite conceivable that a plant 
having only 80 per cent efficiency and a small repair bill 
would be a better proposition than a more efficient plant. 
It does seem to me that neither the present design of 
stokers nor pulverized-fuel equipment has even nearly 
reached finality. It would be more advantageous to all 
parties concerned if the various contractors and designers 
were to collaborate to a greater extent and evolve a 
co-operative plant embodying all the best features. The 
troubles with the stokers mentioned on page 1102 cer- 
tainly seem to be inherent, due to the difficulty of getting 
a proper distribution of air under the stoker. There is 
sometimes excessive heating of the component parts of 
the stokers ; on occasions it has been noticed that the 
temperature of the stoker links entering the furnace is as 
high as 700° F., thus causing many classes of coal to 
coke and leading to all sorts of troubles with uneven 
fires. I notice that the repairs to furnace brickwork in 
some plants are costing up to 4s. per ton of coal burnt. 
I feel that half that sum is far too much and that 10d. 
would be a very generous allowance, seeing that with 
closed-in stokers and cold air the cost is 24d. 

Mr. A. Q. Carnegie: The idea of reducing coal to a 
fine powder, and of blowing it into a furnace to burn, 
appeals to most people as a delightfully simple and 
efficient process, but the more papers one reads describing 
the application of the process in practice, the more one 
appreciates that the very simple process has become a 
very complex and difficult one. I had the opportunity 
of inspecting in the United States a very simple pul- 
verized-fuel installation, consisting of a horizontal ball 
mill and a piece of 10-in. or 12-in. diameter pipe, flattened 
out fan-wise at the end where it entered the combustion 
chamber of the boiler. The coal was fed into the ball 
mill by the usual turn-table and scraper gear, and the 
pulverized fuel was withdrawn from the mill by a gentle 
current of air, which had been previously warmed by 
passing through the double walls of the combustion 


chamber. The air which carried the pulverized fuel out ' 


of the mill amounted to nearly 70 per cent of that re- 
quired for complete combustion, the remaining 30 per 
cent being admitted to the combustion chamber by a 
series of little vent-holes, distributed over the front of 
the combustion chamber wall in such a way as to permit 
of some control of the movement of the burning gases in 
the furnace. This simple installation had been in opera- 
tion for about 19 months at the time of my visit ; it was 
stated to have given 81 per cent efficiency on test, using 
coal having a calorific value of 13700 B.Th.U. The 
CO, recorder showed 16 per cent at the time of my visit, 
and the combustion appeared to be almost perfect, the 
stack being absolutely free from visible smoke, and I was 
told that no repairs of any kind to the furnace lining had 
been required during the time the boiler had been in 
service. There was no coal-drying apparatus, in spite 
of the fact that, during the winter period, trucks of coal 
arrived at the factory covered with snow and were 
simply dropped into an elevated bunker from which the 
coal was led by gravity to the feeder table. The hori- 
zontal ball mill was a low-speed apparatus, running at 
about 27 r.p.m., and it did not appear to me to be at all 
noisy in operation. The grinding was done by cast 
alloy-steel balls, which ranged from 4 in. down to 14 in. 
diameter. The boiler was rated by the makers at 250 h.p. 
and was run at a rating of 500h.p., the combustion 
chamber having a capacity of 1 200 cub. ft. The expla- 
nation given for the excellent performance of this simple 
plant was that the air draught through the mill was so 
gentle that it would not remove the fuel until a very fine 
degree of pulverization had been attained. The fineness 
oí the grinding was such that 95 per cent of the fuel 
would pass through a 200-mesh screen. The pulverized 
fuel is like dark brown flour in appearance. It was 
claimed that the extremely fine grinding, and the inti- 
mate mixture of the ground coal with the carrying air, 
supplied a carburetted mixture which was in an ideal 
condition for burning, while the coal particles were so 
small that they were completely burnt.before they 
reached the brickwork at the back of the combustion 
chamber, and there was therefore nothing left to form 
slag with the refractories. The coal then being used 
contained about 9-5 per cent of ash and cost $1-25 per 
ton at the colliery and $4-34 per ton at the boiler. It 
may be that this coal is more suitable than our English 
coals for pulverized-fuel burning, but I find it difficult to 
understand why installations now being carried out in 
this country should require all the drying, cycloning and 
other complications that appear to be provided for them. 
It would seem well worth while to attempt to reach a 
much higher standard of fineness in pulverization than is 
generally aimed at to-day. The power required for 
pulverizing the coal in the installation to which I have 
referred was stated to be about 12 to 14 kWh per Ameri- 
can ton of 2 000 lb., so that evidently the finer grinding 
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can be done without undue expenditure of power. There 
was no spare mill, and no stock of pulverized fuel, 
although a factory was dependent on this boiler for its 
operation, and perhaps the most striking feature was 
that there was no properly-designed fuel burner, but 
merely a flattened-out pipe. It was stated that the 
residue removed from the bottom of the combustion 
chamber amounted to 1-7 per cent of the weight of coal 
burned. In connection with the burner shown in Fig. 10, 
I should like to ask what proportion of the total air 
required for combustion enters with the coal at the 
primary air and coal inlet, and whether all the rest of the 
air is admitted at the parts marked “‘ secondary air,” or 
whether there are a number of distributed air inlets, such 
as I have just described, for controlling the shape of the 
flame. 1 should also like to know how far back along 
the coal pipe the air is admitted, and whether the mix- 
ture can be said to be in a carburetted condition before it 
arrives at the mouth of the burner. It seems to me that 
given really fine grinding and proper carburation of the 
coal, well ahead of the burner itself, the particles of coal 
will have a better chance of finding the necessary atoms 
of oxygen before they reach the limit of their possible 
travel. I have always followed with great interest the 
development of the Murray fin tube, which I saw during 
its development stage and before any boiler had actually 
been fitted withit. I thought then that it had a wonder- 
ful future before it, firstly because its cost was so largely 
discounted by the fact that it contributed to the useful 
heating surface of the boiler, and secondly because of its 
extreme simplicity. During a recent discussion with a 
leading American engineer on the relative merits of 
Murray fin tubes and various other cooling-tube arrange- 
ments, I was interested to learn that in one arrange- 
ment, consisting of tubes placed in open channels in the 


`- brickwork, it had been found by experience that the 


cooling effect of the tubes on the brickwork was, to a 
considerable extent, self-governing. I understand that 
at light loads, when an excess of cooling would be detri- 


mental to the operation of the furnace, the strips of 


brickwork between the tubes tend to build up with slag, 
so that they almost embed the cooling tubes and so 
reduce the cooling effect ; on the other hand, on heavy 
loads, when extra cooling becomes essential to the safety 
of the combustion chamber, the intermediate brickwork 
burns back and so exposes more tube surface to the heat 
of the burning gases, so that the brickwork protects the 
tubes from too much heat at one time, and the tubes 
protect the brickwork from too much heat at other times. 

Mr. F. D. Napier : The author has to a great extent 


disarmed criticism by his candid admission of failures 


with existing powdered-fuel plants. The suggestion that 
the highest attainable efficiency on stokers demands 
combustion rates of 40 to 50 lb. of coal per sq. ft. is open 
to question, as also are the figures given for furnace 
maintenance if they are considered to be typical of 
regular practice. The author appears to condemn the 
installation of the milling plant in a separate building 
and advocates placing the mills in the boiler house itself. 
The absolutely silent mill is not yet perfected ; fire 
insurance inspectors do not welcome the arrangement and 
much prefer the mills to be in a separate compartment. 


The steam-heated rotary coal drier is put forward by the 
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author as the best available drier, but additional par- 
ticulars are necessary to determine whether he is correct. 
Surely some air must be admitted into the drier to carry 
off the moisture, and it seems that fine dry dust will also 
be carried out of the drier. There are of necessity many 
steam joints in the drier illustrated and, as driers of this 
type are being operated with steam at 170 lb. and 300 Ib. 
pressure, trouble is doubtless experienced. The steam 
consumption on the drier, if taken direct from the boiler, 
must be a charge against the efficiency of the plant. The 
system of drying the coal in the mill with waste flue gas 
or air (Fig. 3) would be satisfactory in theory if a 100 per 
cent dust-catcher that did not consume too much energy 
could be produced. It should be kept well in mind that 
until such a collector is available a percentage of the 
finest and most suitable coal for combustion is being 
blown to waste up the chimney. The author dismisses 
the screen separator mill in a few words, largely on the 
score that coal must be dried before pulverizing is 
attempted. The cement manufacturers, who have a 
longer experience than anybody else, seem to have a 
distinct preference for this type of mill, which can be 
constructed in very larga units and which has, as the 
author states, the advantage of low power consumption. 
The screen mill does not require an independently driven 
exhauster fan and large air pipes leading to and from the 
collector cyclone, all of which are liable to wear due to 
the abrasive nature of coal and ash when carried at high 
speeds throughsuchasystem. Theauthor, quite uninten- 
tionally no doubt, would lead us to believe that the 
screen mill is no longer being manufactured, but this is 
far from being the case. The screen does wear, as will 
everything in time, but the renewal of the screen is not 
so serious or annoying as that of the exhauster wearing 
parts and pipe line on an air-swept system. The author 
describes the Raymond mill, but by inference admits that 


it is not suitable for hard coal and that he would prefer a 


ball-type mill. The question of wear on other types of 
mills is touched on, but little is said about the difficulties 
experienced with the replacements on the Raymond 
pulverizer. The wearing parts of the mill are many and 
call for accurate fitting, as the bearings work at high 
speeds and must receive regular attention and lubrica- 
tion. However well designed a dust excluder may be, it 
does not appear to be a very sound engineering job to 


. operate high-speed bearings in a cloud of fine coal and 


fine ash. Can the author say what would happen if a 
bearing overheated and fired when grinding was in 
process and just as shuttingdown? To meet actual con- 
ditions a pulverizer should be of simple, rugged construc- 
tion and contain few bearings requiring lubrication and 
exposed to the ground product, or, better, none at all. 
Bare justice is done to the Fuller-Kinyon method of 
handling. If the dust is dry, as it should be when 
delivered from the mill, the pumping presents no diff- 
culties, nor does the venting of the small proportion of 
air which is used on the system to aerate the coal. The 
Fuller-Babcock control system enables an operator in 
the mill house to have complete supervision and control 
of the coal-distributing system. ' The details in Fig. 7 
are rather out of date; a much improved pneumatic 
control system has been devised. The Fuller-Bailey 
feeder is designed to supply pulverized coal to a single 
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burner and is therefore, from an operating engineer’s 
standpoint, a better device than the International Com- 
bustion feéder which supplies two feeders. The unex- 
pected happens and moisture collects, and even the 
feeders shown have practical limits with caked or coked 
dust, so that the feeder which can be cleaned and affects 
one burner only is to be preferred. To revert, the 
unexpected happens and in a particular case a mysterious 
feeder choke was found to bè due to an exhauster fan 
blade being thrown right up the carrying main through 
the cyclone into the fuel bin and finally lodging over 
the feeder inlet: The author mentions the difficulties 
experienced when the coal is not finely ground. As 
described in the paper, on several installations trouble 
has been experienced with slag collecting on the front 
row of tubes if the CO, content is over 12 per cent. On 
other plants when fine grinding is insisted on the trouble 
does not occur. The water screen across the bottom of 
the furnace does not overcome the slag difficulties. In 
at least one case the slag which has passed the screen has 
to be broken up each week-end before it can be removed. 
If the burner is forced and the dust and flame strike the 
screen tubes, imperfect combustion naturally results. 
Among the objections raised: to the Murray fin tubes is 
the fact that they tend to overcool the combustion 
chamber. A better arrangement and a proved success 
is the Babcock-Lulof wall, corisisting of shaped bricks in 
which -vertical-screen water tubes are embedded. The 
Bailey wall is also an admirable construction of sound 
design. The suggested lay-out shown in Fig. 12 is open 
to much criticism. The drying of coal in the mill is at 
best an expedient, and the advisability of placing the 
mill and cyclone with dust-laden air so close to the boiler 
is doubtful and the method is only adopted to try to 
avoid the use of a flexible transporting system. The 
long pipe-run between feeder and burner is a very objec- 
tionable feature, and there are other criticisms which will 
occur to anybody who studies the matter closely. When 
dealing with the direct-fired system, the author seems to 
be rather too sweeping in his condemnation. It is 
possible that he had in mind, when condemning the 
system, the high-speed impact mill shown in Fig. 13. 
The unit mill should be of simple and robust construc- 
tion working at low speed and should be such that the 
wear of grinding parts does not affect the quality of the 
product. The mill should be able to deal with damp 
coal, although in my opinion it is better to use reasonably 
dry coal on this and indeed all other mills. Such a mill 
is on the market and has been in operation long enough 
in this country for its merits to be proved. 

Mr. H. V. Field : Referring to the dust nuisance, as 
the fuel will nearly all pass through a 200-mesh screen 
the dimensions of the ash particles remaining when the 
combustible material is removed will be very small. Can 
such particles be satisfactorily removed by cyclone 
separators? Have electrostatic separators been tried 
for this purpose? ‘The dust problem in a station using 
several thousand tons of coal per week is very serious, 
especially where low-grade fuels are employed. Has 
any use been found for the ash? In these days of high 
building costs, engineers will hardly feel very favourably 
disposed towards masonty or other chimneys 300 ft. or 
more in ‘height.’ Also the area of protest against the 


dust nuisance would correspondingly be increased, in 
spite of the fact that domestic fires may probably 
contribute much more to atmospheric pollution. 

Mr. A. H. W. Marshall : I cannot help thinking 
that turbine manufacturers have stolen a march on 
boiler manufacturers in making a gift to them of low- 
grade heat in the form of bled steam, as it is this which 
to a great extent has opened up the problems with which 
the paper deals. From a commercial point of view it is 
certain that the instability, as the author calls it, of the 
present state of affairs is bad, for boiler-house operation 
and maintenance costs have increased considerably, and 
efficiency leaves much to be desired. The crux of the 
situation appears to lie in the method of dealing with 
the ashes, and I cannot see that any practical means is 
likely to be found for taking the dust out of the flue 
gases, while the dust trouble arising from the chimneys 
of power stations in the vicinity of large towns must 
receive most serious attention. The proper solution, 
and that a simple one, is, as the author desires, the 
separation of the stone and other refuse from the coaJ 
before it is burnt, and this, with the extension of the 
dry-cleaning process of coal in the Northumberland and 
Durham aréas, is probably nearer than he realizes. With 
operation on a large scale, the process of cleaning should 
cost well under ls. a ton, a figure which in many cases 
would be saved on transport charges alone. The reason 
why more headway has not been made hitherto with 
cleaned coal for power station use seems to me to be the 
fact that the travelling-grate stoker operates better with 
coal having a fairly high ash content, and especially so 
under conditions involving a hot-air supply and high 
rates of combustion. I think, therefore, that the form 
of furnace construction which is likely to survive is that 
which is best able to deal with coal from which the 
refuse has been separated, and the advantages in this 
respect appear to me to lie with pulverized fuel. 

Mr. A. R. Clemitson (communicated) : It is a matter 
for disappointment that a treatise on this important 
subject should not give more definite information to 
enable us to judge more clearly what are the real com- 
parative merits of the two systems of coal firing. We 
might have expected now, after the experience which has 
been obtained in this country on many installations, to 
have known something of the cost of maintenance and 
power required for pulverizing, and the general reliability 
of the system. There appears only one suggestion along 
this line and this is only expressed broadly, i.e. “ SmalP 
boilers should be equipped with stokers, and large 
boilers with pulverized fuel.” Just why this recom- 
mendation is made I fail to see, for in my opinion pow- 
dered fuel can be applied equally well to small units as. 
to large ones, and vice versa with mechanical stokers. 
The author, in dealing with pulverized fuel, states that: 
the only really modern plants are those in the proposition: 
stage on the draughting board. This might equally 
apply to mechanical stokers, so far as size is concerned, 
for whilst there are “* Harrington ” stokers 21 ft. wide in 
operation there are those in the process of design 36 ft. 
wide in one single stoker and capable of burning suffi- 
cient coal to give a normal evaporation of 250 000 Ib. 


' and 800000 Ib. on overload per ‘boiler. With large 
: stokers it is essential that the coal be fed evenly into the- 
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stoker hoppers and the air supplied to the stokers so ás 
to give an even pressure throughout the wind-box. 
These are essential conditions and can be definitely pro- 
vided for in the design, and therefore large boilers can be 
confidently recommended for stoker firing. The main 
criterion as to the suitability of one system or another is, 

to my mind, that of the nature of the fuel. There has 
always been a large amount of very fine duff coal avail- 
able at the colliery, but with the growing demand forthe 
dry cleaning of coal this is largely on the increase. With 
this process it is estimated that fully 15 per cent of the 
coal will be in this very fine form. Here, then, is a clear 
case for powdered-fuel firing. Approximately 50 per 
cent of this fuel is fine enough to go direct to the com- 
bustion chamber without any further pulverization, and 
the successful system will have to provide means of 
passing this very fine fuel direct to the furnace without 
passing through the pulverizer, as it must be noted that 
there is very little saving in power and in wear on the 
pulverizer in dealing with, say, 1 ton of this fine fuel 
as compared with 1 ton of coarse fuel. With the larger 
coal which can be satisfactorily burnt on mechanical 
stokers there appears to be no case at all for pulverized 
fuel. It is usually found that in the central system at 
least 2s. 6d. per ton of coal pulverized must be experided 
on the repairs to the pulverizing plant, and that about 
25 kW per ton must be expended in power for driving 
the plant, making a total cost of about 3s. 6d. per ton. 
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Against this the maintenance and power costs of mechani- 
cal stokers, including forced-draught fan, will not exceed 
ls. pér ton, so there is an extra expenditure of 2s. 6d. 
per ton of coal when pulverized, above that when the 
coal is fired on stokers. It is usually stated that there is 
a higher efficiency with pulverizing plants. This is due 
largely to better furnace conditions, there being a smaller 
amount of excess air, providing, say, 16 per cent COg. 
In actual practice it is usually found that this condition, 
whilst giving high initial furnace temperature, gives 
considerable trouble with refractories and slagging, with 
the result that additional air is given and the CO, reduced 
to good stoker conditions, i.e. 12 to 14 per cent. The 
author suggests that the loss due to particles of un- 
burnt fuel getting amongst the tubes and passing into 
the flues may in some cases amount to 4 per cent. 
This will considerably reduce the efficiency. In actual 
operation there is very little to be gained in efficiency by 
firing with powdered fuel, and where there is a coal of 
suitable size and nature for mechanical stokers, fed, as it 
is; direct from the raw-coal bunkers, it appears to be a 
retrograde step to take this coal, pass it through a drier, 
pulverizer, exhauster, cyclone, coal bin, screw conveyor, 
blower, and finally through burners into a large com- 
bustion chamber so'that it may be burnt in powdered- 
fuel form. Water-cooled furnace walls are very desirable, 
and the free circulation of clean water will Tequire very 
special attention. 


are / 


EDINBURGH, MANCHESTER AND | 


NEWCASTLE. 


Mr. F. H. Rosencrants (in reply): In reviewing the 
written discussion it was found that in many instances 
the same point had been dealt with by several speakers. 
In such cases I propose to deal with the point in question 
without reference to the speaker. 

Disappointment has been expressed that the subj ect of 
relative production costs as between stoker-fired and 
pulverized-fuel-fired plants, expressed in terms of in- 
stallation, operating and maintenance costs, was not 
extensively dealt with. In reply I am obliged to confess 
that the omission was deliberate. To discuss such costs 
intelligently requires specific comparison and, however 
many cases are compared, there is an infinite number of 
sets of circumstances and conditions incorporating such 
factors as size and number of boilers, character and price 
of fuel supply, annual load factor, etc., still left for 
discussion. The difficulty is further aggravated by the 
inability intelligently to fix the relative position of two 
things which are themselves moving with indefinite speed. 
A few general statements, however, may be indulged in. 
For example :— 

The cost of pulverized-fuel-fired plants is becoming 
less owing to simplification of preparation plant, firing 
equipment and furnace construction, 

The cost of stoker-fired. plants for the more severe 
service conditions imposed by highly preheated ajr, 
high CO,, and heavy, sustained loads,.is increasing 
through the necessity of better and more Sree 
furnace construction. 

As a result of the above considerations recent in- 


| stances are on record i in which it has been found possible 


to put forward propositions | for stoker-fired and, alter- 
natively, pulverized-fuel-fred plants at a negligible 
difference in price. Generally speaking, the stoker-fired 
plant is the cheaper; the trend of development is such, 
however, that the difference is diminishing and it is 
conceivable that it may wholly disappear. 

- The efficiencies of stoker firing and pulverized-fuel 
firing ` under test conditions and with suitable coal are not 
vastly different. With perfect furnace design in both 
cases the CO, percentage without CO may be maintained 
nearly, if not quite, as high with stokers as with pul- 
verized fuel. With careful supervision the unburnt 
carbon in the refuse and the flue dust may be reduced 
to a figure as low with stokers as with pulverized fuel. 
The temperature of the escaping gases is more a function 
of heating surface than of firing system, though it may 
be influenced by the extent of surface exposed to furnace 
radiation. 

If we accept the above statements, it is obvious that 
the efficiency cannot be greatly different in the two 
cases. Furthermore, when utilizing a suitable stoker 
fuel and operating on a steady and continuous load, 
reasonable supervision should secure substantially equal 
efficiencies for both systems of firing. Any consider- 
able advantage in thermal efficiency is not realized with 
pulverized-fuel firing until, adverse factors are introduced, 
e.g. inferior grades of fuel which are difficlilt to handle 
on stokers, highly fluctuating loads, etc. No one will 
seriously contend that the stoker will handle with high 
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thermal efficiency and capacity as wide a range of fuels 
as can be so handled by a pulverized-fuel-fired plant. 
Also, the fact that the two factors controlling combustion 
in pulverized-fuel firing—namely, air supply and fuel 
supply—may be altered in a period of seconds to suit 
load conditions, and that once adjusted the relationship 
between air and fuel supply remains fixed, renders 
insupportable any assertion that a fluctuating load may 
be followed with equal ease and efficiency by a system 
of firing which requires for the maintenance of such 
efficiency a more or less frequent readjustment of air 
and fuel supply and distribution to maintain them in 
correct relationship and limit the amount of combustible 
. in the ash. The margin of efficiency between pul- 
verized-fuel firing and stoker firing is a function of fuel 
characteristics, load conditions and skill and attention 
in operation. To attempt to name a figure which may 
be applied generally is ridiculous in the extreme. There 
are no records available from which the average efficiency 
of combustion of the total tonnage of coal utilized either 
on stokers or in pulverized-fuel systems may be obtained. 
In the absence of such information one is reduced to an 
expression of opinion. My opinion is that such an average 
would be very much in favour of pulverized fuel. Cer- 
tainly by neglectful or incompetent operation it is pos- 
sible to burn coal on stokers with ridiculously low eff- 
ciency. It is difficult to produce equally low efficiency 
with pulverized-fuel firing, since to produce an excessive 
loss due to carbon in the refuse requires a deficiency of 
air supply such as is accompanied by smoke of a density 
that no one would tolerate, and to operate with a large 
excess of air is not easy. 

Authentic figures dealing with efficiency as applying 
to English pulverized-fuel firing are not plentiful or 
always available. There are but few plants at present 
which are completely fired by pulverized fuel. The time 
during which they have been in operation is short and the 
records are further complicated by the conditions under 
which it was necessary to operate during the coal strike. 
Efficiency figures must of necessity come from the users, 
and it was hoped that such information would be given 
in the discussions. Captain Donaldson, Mr. Lake and 
Mr. Clarke have given such figures, and it is hoped that 
other users from time to time will make public the 
results that they are obtaining. A wealth of such 
information may be found in the “ Pulverized Fuel ” 
_ Section of the Prime Movers. Committee Report of the 

National Electric Light Association of America for the 
years 1926, 1927 and 1928, presented by American 
users of pulverized-fuel-fired plants. It is hoped that a 
similar compilation of data may become available with 
the further accumulation of experience in this country. 

On the subject of maintenance I again find difficulty 
in drafting a statement which fits the general case. 
It will be immediately acknowledged that such factors 
as furnace design and construction, air temperature, 
CO,, combustion rate per square foot, etc., have a pro- 
found effect. The figures of 48d. and 24d. given in the 
paper have been soundly criticized by alland sundry. In 
reviewing the statement I am obliged to confess that 
sufficient emphasis was not placed on the fact that the 
figures applied to extreme cases under conditions of 
design and operation which were not permitted to con- 


tinue for a period longer than required:to apply correc- 
tions. The operating conditions were very severe and 
the correction applied was drastic. The case was cited 
only for the purpose of emphasizing that in the struggle 
to attain greater economy. in steam production by 
means of higher ratings, lower excess air, and high air 
temperatures, the maintenance problem must be 
answered by adequate design and construction to stand 
the more severe conditions imposed. I do not consider 
that a proper realization of this fact is manifested in 
present stoker practice. 

A number of figures'as applying to maintenance are 
submitted by speakers. These figures vary widely and 
in most instances it is not stated what portion of the 
assembly of stoker furnace and steam generating unit is 
included. In any event the figures given apply both to 
stokers and to pulverized fuel. 

At the risk of appearing sarcastic, I submit that it is 
much easier to secure public statements of results that 
are good than of results that are bad. It is next to 
impossible to secure data for publication from under- 
takings wherein the results are not good. An average 
maintenance figure which takes into account all factors 
of design and operation is an impossibility. An intelli- 
gent discussion of the subject demands that in each 
instance we restrict ourselves to a specific set of circum- 
stances and conditions, due regard being given to factors 
of design, fuel characteristics, air temperature, com- 
bustion rates, load fluctuation, etc. 

On the subject of power consumption we may be more 
definite. The energy consumption for a bm-and-feeder 
system of pulverized-fuel firing will be from 12 to 
18 kWh per ton more than for stoker firing. For a 
direct-fired system it will be from 9 to 30 kWh or possibly 
more, depending in both cases on fuel characteristics, 
load variation and character of plant. If we take 
14 kWh as a fair average for 1 per cent of the equivalent 
heat value of the coal, we obtain an idea of the debit 
against pulverized: fuel as compared with stoker firing. 

Referring to Mr. Chattock’s remarks, I disagree with 
his supposition that it is always possible to operate mills 
on a direct-fired system at or near full load. In the 
first place I question the desirability of shutting down 
mills and starting them up on a fluctuating load with 
such frequency as would be required to keep thé mills 
loaded. Assuming the desirability from an economic 
point of view, I do not think it is possible to enforce such 
a programme on the operating staff. It is not stated 
nor implied that fuel characteristics and moisture content 
do not affect the capacity of mills on the bin-and-feeder 
system in the same manner as in the direct-fired system. 
What is implied in the paper is that such loss of capacity 
does not affect boiler operation but merely requires a 
few more mill-hours’ operation to produce the 24-hour 
requirements. 

I disagree with Mr. Chattock’s remarks dealing with 
the fineness of coal from direct-fired mills. If the mill 
is so proportioned that it will give the required figures 
at the maximum output required under adverse fuel 
conditions and with the wearing parts worn to the 
point of requiring renewal, then the mill will be very 
much on the large side with normal fuel and unwom 
wearing parts. 
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The performance reported by Mr. Clarke is not 
abnormal. 1 disagree with his statement that the 
capacity and fineness are affected equally by wear in 
both the beater type mill as used for direct firing and 


in the Raymond or Fuller mill, such as is used for the 


bin-and-feeder system. The fineness in a beater type 
direct-firing mill with ariy given fuel is influenced by 
three factors, namely:—Rate of coal feed, rate of air 
flow, and state of wear of pulverizing elements. 

The Raymond and Fuller mills are constant-load 
machines and operate with a fixed coal feed and a fixed 
air flow. The extent of wear tolerated in these mills at 
times ofrenewal is for other reasons very small by com- 
parison with that normally tolerated in direct-fired 
mills. This wear affects capacity to a slight extent, but 
at the reduced capacity maintains the fixed standard of 
fineness. 

I am at a loss to understand Mr. Chattock’s remark 
to the effect that the bin-and-feeder system is twice as 
expensive as the direct-fired system, since he had the 


option of the two systems for Hams Hall at the same: 


price and accepted the direct-fired system as a matter of 
preference independent of price considerations. 

Mr. Selvey suggests that to prevent trouble from the 
sticking of coal in the bunker, the coal should be kept 
hot. This would be effective, as it would prevent con- 
densation of moisture from the air in the coal. It is for 
these reasons that a lining of insulating material inside 
the pulverized-fuel bin is recommended on page 1110. 
A rubber lining as a means of reducing wear has been 
tried with some success. I do not recommend it, 
however, because of the fact that such a lining finally 
comes away in fragments and causes trouble in subse- 
quent elements of the plant. 

Mr. Selvey raises the question as to how the pressures 
are adjusted in the air circulating system of the pul- 
verizer in Fig. 12. The pressure of the air at the outlet 
of the boiler unit air preheater will be of some approxi- 
mately fixed value, say 1 in. water gauge. The flow 
of air from this point intó the pulverizer system must 
equal the amount withdrawn from the system by the 
primary air fan. The pressure in the pulverizer circuit 
at the point where the air-supply pipe from the air 
preheater joins it will so adjust itself that the drop in 
pressure in the air-supply pipe due to friction will 
correspond to the required flow. Thus it will be observed 
that the adjustment of pressure is automatic and is 
controlled by the air pressure at the air-preheater outlet. 

I agree with Mr. Nevill’s remarks concerning the 
difficulties experienced when coal is received from the 
driers at 250° to 260° F. Such temperatures are neces- 
sary to effect drying down to 2 per cent with coarse coal 
in order to drive off the moisture from the interior of 
large pieces. If any considerable storage of dry coal at 
such temperature is provided between drier and mill, 
trouble from spontaneous combustion is practically 
certain. If the coal is fed to the pulverizer at this 
temperature, the contained heat will be expended in the 
further evaporation of moisture from the coal as it 
becomes pulverized, or if no moisture remains in the 
coal the pulverized fuel goes to the pulverized-fuel bin at 
high temperature. I am not, however, in favour of a 
system which makes a reduction of moisture content to 


less than 5 per cent in the pulverized product either 
necessary or commercially desirable. With 5 per cent 
moisture before pulverizing it is practically impossible 
to deliver coal to the pulverized-fuel bin at a temperature 
above 125° F., owing to cooling evaporation. 

A number of installations are now operatmg in 
which the coal is dried by putting hot air into the 
mill system, and in no case does the temperature of the 
coal delivery exceed this figure. The damage caused to 
the burners, to which Mr. Nevill refers, is, in my opinion, 
due to uneven distribution of coal round the periphery— 
a fault common to many burners on the market. Flame 
propagation is much more rapid in a rich mixture than 
in a lean one, and the flame therefore comes back 
close to the burner in certain spots and damages it. 
Uniformity of distribution around the periphery is 
difficult to obtain but is highly desirable from ail points 
of view. 

Mr. Gaze reports stoker test-efficiencies which are 
highly commendable and reflect careful operation of a 
well-designed assembly of equipment. The fact that 
these figures have been repeatedly obtained in normal 
operation is further creditable. I should be interested 
to know whether the word “repeatedly ” in preference 
to “continuously ” was deliberate. It is assumed that 
it was, since if the latter adjective was meant it would 
constitute a record by some margin. Having stated 
the test efficiency, however, the continuous normal 
efficiency is next in order of interest. I think it is not 
unfair to call attention to the fact that the coal utilized 
at Grove Road station is of a very excellent quality—a 
factor contributing in some measure to the excellent 
results obtained. I am not at liberty to answer Mr. 
Gaze's question as to the price per ton of coal on which . 
the Derby costs are based. It is possible that this 
information may be obtained from Mr. Lake direct. 

The replies to the queries raised by Mr. Hunt are as 
follows :— | 

(1) This is unanswerable since the number and capacity 
of motors for either the direct-fired or the bin-and-feeder 
system depend on the size of units involved and on the 
general design. 

(2) The type of motor for use in pulverized-fuel 
plant is not standardized. Unquestionably the highest 
state of conservancy will dictate totally-enclosed motors 
throughout. In some instances such practice is no 
doubt justified. For most of the constant-speed equip- 
ment open-type squirrel-cage a.c. motors are acceptable 
and very commonly used. | 

With reference to Mr. Husted’s communication, I 
cannot but admire the spirit with which he champions 
the retort type of stoker, a fact which is consistent with 
the activities of his company who advocate this form 
of combustion equipment to the exclusion of all others. 
Mr. Husted’s statistics concerning the relative number 
of stoker-fired boilers in comparison with pulverized-fuel- 
fired boilers do not, I believe, fairly represent the case 
when it is considered that stoker-fired installations in- 
clude all boilers so equipped over a period of more than 
25 years, whereas practically all of the boilers equipped 
with pulverized-fuel firing have been installed during the 
past six years and the rate of increase is represented 
by the fact that the number installed each year is double 
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the number of installations during the preceding year. 
Furthermore, it.seems hardly fair in making such com- 
parisons to include all the very small boilers in con- 


nection with which pulverized-fuel firing. more or less | 
concedes the field. Mr. Husted also makes capital ' 


out of the fact that the Detroit Edison Co. have selected 
stokers for the new Delray extension even after having 
had experience with pulverized fuel at Trenton Channel. 
It would be equally fair for those supporting pulverized- 


fuel firing to endeavour to make capital out of the fact — 


that on the extension to the Trenton Channel plant 
pulverized fuel was adopted after experience had been 


obtained with stokers at Delray. The real reason for 


the selection of stokers at. Delray is given at some 
length in an interview with Mr. J. W. Parker, chief 
engineer of the Detroit Edison Company, published in 
the issue of Power dated Ist May, 1928. Those interested 
to the extent of referring to this article will find that 
the reason given is quite different from that implied 
by Mr. Husted. The supporters of pulverized fuel 
would find indeed a great deal more cause for elation in 
the fact that the Hell Gate station of the United Electric 
Light and Power Co., New York City, which has been 
developed to the extent of over 300 000 kW with retort- 
type stoker equipment, on the most recent extension 
has adopted pulverized-fuel firing. Such a decision 
follows experience on the part of this company with 
pulverized-fuel firing at the new Fourteenth Street 
station in New York City. These plants also are in the 
stronghold of the retort-type stoker, inasmuch as the 
whole of the fuel available to these two stations has ideal 
characteristics—namely, low ash and high volatile 
coking characteristics. 

Mr. Husted criticizes my statement with reference to 
the sizes of boilers adapted to stoker firing. I am 
willing to admit that the limit of boiler size which may 
be fired with a retort-type stoker is in excess of that for a 
travelling grate. 

In preparing this paper I had particularly in view the 
conditions applying in England which, in my opinion, 
are much more favourable in view of the fuel charac- 
teristics being generally more applicable to travelling- 
grate stokers than to the retort type. 

Mr. Partridge raises very pertinent questions. He 
first refers to the effect of fuel variation in the selection 
of combustion equipment. This certainly is a factor of 
vital importance. Generally speaking, pulverized-fuel 
firing is affected to a lesser extent by variation—with a 
possible exception of extreme moisture content—than is 
the case with stoker firing. 

On the subject of dust emission from the stack, in this 
the disadvantage at the moment undoubtedly lies with 
pulverized fuel, though it is a difficulty from which stoker 
plants designed for high combustion ratings are by no 
means free. There are many devices on the market for 
alleviating the nuisance from this source, and a vast 
programme of research work is under way. In the main, 
three fundamental schemes are receiving attention, 
namely, centrifugal devices, electric precipitation and, 
finally, wet washing. All of these are more or less 
hopeful; and the last, particularly, is extremely promising 
from a commercial point of view, in that it now appears 
possible to secure well over 90 per cent elimination of 
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dust and to obtain this result at a very modest expendi- 
ture of capital. With the further development of such 
equipment I confidently anticipate that greater freedom 
will be demanded than at the moment exists with either 
stoker or pulverized-fuel firing. - 

_ I wish at this point further to emphasize the desira- 
bility of high chimneys, which have the advantage of 
dissipating the large volume of gases in addition to 
reducing the concentration on any given spot of such 
dust as is unavoidable. This. view has received the 
criticism that, even though the chimneys are made high, 
the dust must come down in some place. I wish to point 
out, however, that a certain amount of dust will probably 
always be emitted and also that the standard of cleanli- 
ness is gauged by the amount which exists at any given 
spot. 

I cannot agree with Mr. Partridge’s comments on the 
score of maintenance. Firstly, experience as to the 
actual cost of maintenance, fully reported in the “ Prime 
Movers ” Report of the N.E.L.A. as applying to United 


‘States practice, does not indicate that the maintenance 


on pulverized-fuel-fired plants is higher than on stoker- 
fired plants. Sufficient data are not available from 
English plants to make a determination. We may con- 
fidently say, however, that the maintenance of plants 
now under construction will be certainly less than on 
any now operating. 

Concerning the interference with operation due to the 
carrying out of maintenance work, on this point pul- 
verized fuel has a distinct advantage, inasmuch as by 
far the major part of such maintenance—particularly 
as applying to a bin-and-feeder system—may be carried 
out without interfering in any way with boiler operation. 
In contrast to this, by far the major portion of main- 
tenance necessary on stoker firing—and this applies with 
particular emphasis to the retort type of stoker— 
necessitates taking the boiler out of service. Consider- 
ing the number of men required for operating the two 
types of plant, this is very much a matter of plant size 
and general arrangement. The large-sized pulverized- 
fuel fire requires fewer men than is the case with stoker 
firing. On a moderate-sized Plant there is practically no 
difference. 

Mr. Bridge refers to an installation of pulverized fuel 
on which the cost of pulverizing added an extra 3s. 6d. 
per ton to the cost of the coal, and asks if this is arepre- 
sentative figure. In reply I would say that the figure 
is higher than any of which I have knowledge and perhaps 
may be classed in the same category as the figure of 
48d. per ton maintenance which was given in the original 
paper as an extreme instance applying to stoker firing. 

Concerning the, size of boiler units, I believe that not 
many engineers will agrée that the 100 000 lb. per hour 
boiler represents a desirable limit of capacity for this 
country. The instances in which this figure has already 
been exceeded are becoming very numerous indeed. 
The upper limit of size at the present moment is, I 
believe, 270 000 lb. per hour and applies to six boilers 
under contract with International Combustion, Ltd., for 
Synthetic Ammonia and Nitrates, Ltd., at Billingham. 
Among other installations which are well above the 
100 000-Ib. limit might be mentioned the boilers for 
the Barking extension (185 000 lb. per hour), new Leeds 
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station (165 000 lb. per hour), and Hams Hall station, 
Birmingham (270 000 1b. per hour). 

With reference to Mr. Bridges' comment concerning the 
evaporated moisture which passes into the furnace along 
with the powdered coal and primary air, this moisture 
is in the form of. humidity and in this form causes no 
difficulty. If, however, the air were permitted to cool 


to a point below the dew point, it is possible—indeed ` 


probable—that some trouble would follow. It is with 
the idea of preventing such cooling that 1 have so 
definitely recommended the insulation of exposed sur- 
faces in contact with cold air. 

Replying to Mr. Hagen's query with reference to the 
cracking of tubes, 1 know of no such experience and 
thus far we have found no necessity, where proper 
circulation has been provided for, of making any special 
provisions to avoid strain on a boiler equipment when 
bringing it up to full pressure under emergency. 

Referring to Mr. Walker's query as to the steam con- 
sumption of the steam drier, this is proportionate to 
the amount of moisture evaporated. The efficiency of 
the drier is of the order of about 65 per cent, and this 
compares with a figure of about 80 to 90 per cent when 
the moisture is fed into the furnace with the coal and 
evaporated by the direct heat of combustion. 

- It has been pointed out by one speaker that when 
employing drying in the mill system the moisture is 
taken direct into the furnace. In this instance, how- 
ever, the moisture enters as vapour, the latent heat 
required for evaporation having been added before its 
entrance into the furnace. Had the coal been fed into 


the furnace with no drying, such latent heat would have 
been absorbed from the direct heat of combustion. | 

Replying to Mr. Kidd, there will be no accumulation 
of moisture in the system as indicated in Fig. 12, since 
with the introduction of the heated air all points of the 
system are maintained above the dew point. This is 
particularly true as applying to those points which in 
the normal milling system without drying become fouled 
by the accumulation of moisture. 

With reference to Mr. Mallinson’s opinion of the burn- 
ing of coal with high ash content, while I do not recognize 
ash in the coal as other than a disadvantage, since it 
causes increased wear and aggravates slagging con- 
ditions in furnaces, under emergency conditions it has 
been found commercially feasible to burn coal with 
extremely high ash content. During the recent coal 
strike the coal consumed at one of the stations in the 
Midlands had regularly an ash content of over 40 per 
cent, and this increased to nearly 50 per cent in some 
instances. The coal was obtained from an abandoned 
dump and was all that was available. In another in- 
stance coal having an ash content of between 35 and 
40 per cent was burnt regularly during the same period. 
The use of this coal is certainly not to be recommended. 
Under emergency conditions, however, it was most 
convenient to be able to maintain operation by such a 
supply. 

In reply to Mr. Carnegie, the primary air entering with 
the coal will be between land 2 Ib. per Ib. of coal. The 
remainder of the air enters as secondary air in the 
manner indicated. 
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REVERSE-POWER ALTERNATING-CURRENT RELAYS FOR 3-PHASE 
GENERATOR AND FEEDER PROTECTION.* 


By G. E. TAYLOR, Associate Member. 


(Paper first received 23rd February, and in final form 30th June, 1928.) 


SUMMARY. 
This paper discusses the behaviour of reverse-power a.c. 


relays of the wattmeter and allied types when applied to the 
protection of 3-phase generators and feeders, and it shows:— 


(a) The differences in behaviour produced by various 
systems of connections; 

(6) The improper operations inevitable with each system 
of connections; 

(c) The difficulties to be overcome in order to produce a 
reverse-power relay which will be stable with all 
conditions of forward power and whose operation 
will yet be certain under all conditions of reverse 
power. 


In addition, the paper shows that the most satisfactory 
results available with this class of instrument will be obtained 
if the potential coils of the relay be connected between line 
and neutral when used for generator protection, or between 
line and leading phase when used for feeder protection. 


INTRODUCTION. 


Reverse-power a.c. relays were at one time employed 
on generators to trip the automatic switch or circuit 
breakers in the event of power being fed back from other 
synchronous plant connected: to the system into the 
machine owing to a breakdown on the windings of the 
machine, and, although more satisfactory apparatus is 
now available for this purpose, such relays are still fre- 
quently employed and are indeed highly essential (if they 
can be relied upon) as a means of disconnecting the 
machine in the event of its being run as a motor from the 
line upon a failure of the prime mover, or in the event of 
the machine being mistakenly switched in when at rest 
or not in synchronism. 

Such relays were also used to protect each of two or 
more feeders serving in parallel and were intended to 
open the circuit breaker at the consuming end of the 
affected feeder in the event of a fault thereon and thus to 
interrupt any flow of current from the consuming end 
into the fault and otherwise supplied by way of the 
parallel feeder. 

As in the case of generator protection, improved 
apparatus for performing this function with greater dis- 
crimination and reliability can now be obtained, but 


such apparatus is very much more expensive than these 


simple relays and in most cases involves the use of pilot 
wires, the cost of which on a large system may be pro- 
hibitive. In such cases, therefore, endeavour is still made 


* The ia Committee invite written communications (with a view to 
por ea the journal if approved by the Committee) on papers published 
n the Journal.without being read at a meeting. Communications should reach 
the Secretary of the Institution not later than one month after publication of 
the paper to which they relate. 


to utilize reverse-power relays, and these notes are in- 
tended to assist all those engaged in the operation or 
construction of such instruments in appreciating the 
shortcomings of this class of apparatus. 

A consideration of the various faults covered by the 
requirements discussed in the foregoing paragraphs will 
show that reverse-power relays are intended to remain 
inoperative so long as the average value of the power 
transmitted during any one cycle by the apparatus to 
which they are connected is in the forward direction (i.e. 
is being supplied by the generating plant towards the 
consuming plant), and operation is required in the event 
of the power becoming reversed in direction (i.e. fed back 
towards, or into, the generating plant from the con- 
suming end). 

On any system, however, reversals of small magnitude 
may be of frequent occurrence, even under normal 
operating conditions, and in order to prevent operation 
of the relays under these transient conditions the relays 
are provided with a scale setting, which is intended to 
render the instruments inoperative even when a reversal 
of power is present, so long as the magnitude of such 
reversal is less than the value to which the relays are set 
on the scale. (Such transient reversals and reversals of 
small magnitude may result from faults on other por- 
tions of the system, or from bad synchronizing of an 
incoming generator, or even from sudden fluctuations in 
load.) 

It is the purpose of this paper to show that the value 
of the reverse power necessary to operate these relays 
under many fault conditions does not coincide with the 
value indicated on the scale; that, owing to this inac- 
curate characteristic, these relays may frequently cause 
the “shut down” of quite healthy plant; and that little 
reliance can be placed on their powers of discrimination 
unless the various points dealt with in this paper are 
complied with. 

On any phase of an alternating-current system ‘‘for- 
ward power” is always obtained so long as the current in 
that phase is not more than 90° displaced with regard to 
the voltage impressed on that phase by the apparatus at 
the supply end; “reverse power” results, however, 
whenever the current and voltage are more than 90° 
displaced. 

Turning now to the relays; these are, in principle, 
simple single-phase wattmeters. In fact, if an ordinary 
single-phase wattmeter be equipped with a central zero 
and arranged to indicate forward power on the right- 
hand side of the zero line and reverse power on the left- 
hand side and be then fitted with a pair of tripping 
contacts on the latter side so that when the pointer 
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reaches their positions it completes the tripping circuit, 
then an instrument equivalent in all respects to a reverse- 
power relay will be obtained, and the behaviour of such 
relays can, therefore, readily be followed by considering 
them as ordinary central-zero single-phase wattmeters. 

Now it is well known that either two or three single- 
phase wattmeters can be utilized to indicate the total 
power in a 3-phase circuit, 

If three instruments be used they are connected as 
shown in Fig. 1, the current coils being arranged one in 
each line and the potential coils of each instrument being 


3 single-phase wattmeters 
Cc A B 


OCÓN 
660500 
my 


PTE 
HHH 


50000000 
50000000 


JUDUDUDVU 


Ene: Ere Eps E, ró 


Lert re 


Fic. 1.—Three single-phase wattmeters. 


Ipa = current in phase“ A ” 

To = current in series coil of relay ‘* A ”” 

Epa = voltage across phase“ A ’’ 

En = voltage across potential coil of relay ** A ” 
$ = angle of displacement between Ipa and Epa 

Pra = angle of displacement between Le and Era 


connected between the line which carries the associated 
current coil and the neutral point. 

If only two instruments be used, then the current coil 
of the first must be connected in line C and that of the 
second instrument in line B, whilst the potential coils of 
the instruments must be connected between lines A and 
C, and B and A respectively, as shown in Fig. 2. 

Reverse-power relays are connected exactly similarly, 
both as shown in Fig. 1 and as shown at A and B in 
Fig. 2, whilst, in addition, a fourth system was proposed 
by Wedmore,* and has also been tried. 

The latter method consists in connecting the series coil 


* See E. B. Wepmore and H. TrencHam: “Switchgear for Electric Power 
Control,” page 124 ; also British Patent 4595/1915. 


VoL. 66. 


of the relay in line A and its potential coil across phases 
B and C, as shown in Fig. 3, thus giving a 90° phase dis- 
placement (at unity power factor in the main circuit) 
between the current in the series coil and the voltage 
across the shunt circuit, and, to compensate for this, a 
condenser is inserted in series with the shunt coils and 
serves to bring the pressure actually applied to these 
into phase with the current in the series coil. 

The behaviour of the relays varies considerably when 
under both normal and fault conditions, according to 
which system of connections is adopted, and it is the 


C A 


2 single-phase | wattmeters 


Fic. 2.—Two single-phase wattmeters. 
Ipo = current in phase“ C ’’ 
D, = current in series coil of relay “ C ” 
Epo = voltage across phase ‘‘ C ”' 
Ære = voltage across potential coil of relay “ C ” 
$ = angle of displacement between fa and Epo 


re = angle of displacement between I,, and Ey, 


intention of this paper to show that none of the systems 


_ results in thoroughly reliable discriminative action under 


all conditions, and for ease of reference it is proposed 
to refer to the various schemes in the following manner: 


When connected as shown in Fig. 1, as “Star connection.” 

When connected as Relay B in Fig. 2, as “ Leading 
connection.” 

When connected as Relay C in Fig. 2, as “ Lagging 
connection.” 

When connected as suggested by Wedmore (Fig. 3), as 
“ Quadrature connection.” 


Now, although three reverse-power relays are usually 
74 
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i fle ol A E AE AE : z 


installed, one in each phase, on any circuit which it is 
desired to protect, and although each carries only the 
current in a single phase, it is customary to equip these 
relays with a scale calibrated in kilowatts in terms of the 
3-phase power in the main circuit, the intention being 
to facilitate their being set for main circuit values without 
reference to the effects within the relay itself, and, in 
order to compare the curves given later on, it is necessary 
to bear this point in mind. 

Considering now the behaviour of the relays under 
normal and fault conditions, the actual relationship 


[ | 


S e = = | Reverse. 
Ss lo ps 

S Ss = e 3 | power 
= iS e > | relays 


£, 
"0 ahead of Ens "E pe 
owing to condenser 


pa 


P-Pra 


Ens Epe 


l perdre 


o Erc 
90 ahead of Epa-Epô 


Epc Epa 
owing to condenser 


o. Ex 

90 ahead of Esc Epa 
owing to condenser 
Fic. 3.—‘ Quadrature ’’-connected reverse-power relays. 


Ipa = current in phase “ A ” 
fq = current in series coil of relay ** A ”” 
Epa = voltage across phase “ A ”” 
Era = voltage across potential coil of relay ** A ”” 
$ = angle of displacement between Ipaand Epa 
$ra = angle of displacement between J,,and Epa 


between the 3-phase power in the line and the power 

indicated by a wattmeter (or the power active in a 

reverse-power relay) when connected in either of the 

four methods referred to can be calculated as follows :— 
Let 


P, = total power in the 3-phase main circuit. 

P, = power at which the relay is set to operate. 

E, = voltage across any one phase. 

E = voltage between any two lines (= y/3E,). 

I, = current in any one phase. 

q = angle of phase displacement between E, and Ip, 
considered positive when 1, leads with respect 
to Vp, or negative when J, lags with respect 
to Vp. 


- and the ratio 


. Pq, Py or P¿ = power energizing relay A, Bor C. 
P, = power necessary to operate relay at setting value. 
Ira» Iro or Ip, = current in series coil of relay A, Bor C. 
Era, Esp Or Hye = voltage across shunt coils of relay A, 

B or C. 

- hp = angle of phase displacement between I, and Æ. 
Py = power in fault. 
J; = current in fault. 
E; = voltage across fault. 
oy = angle of phase displacement between I y and Ef. 


BEHAVIOUR ON 3-PHASE LOADS OR REVERSALS. 
For star-connected instrument, as in Fig. 1 (a).—The 


: power in the 3-phase main circuit 


= P} = 3EpIy cos q 


_ and the power energizing each instrument A, B or C 


= P = E,I, cos dy 


but, as will be obvious, and as is shown on the vector 


diagram, Fig. 1 (b), 


Therefore, P = EI, cos $ 


If, therefore, the relay is to operate when the value 


of the 3-phase reverse power in the main circuit is 


— Py, then its tripping contacts must be closed when 
its coils are energized by power 


P r = — {P 8 + 4 . . . . (1) 
(The negative sign before the term P, is used, since 
operation is required only when the power is reversed.) 


For an instrument with leading-phase connections [as 


Relay B in Fig. 2 (a)].—As before, the power in the 
3-phase main circuit 


= P, = 3E,L, cos $ 
and the power energizing the relay 
= P = El, cos dy 


But here E, = y/3E,, I, = Ip, and $, = 30 + ¢, as 
will be seen from the vector diagram [Fig. 2 (»)]. 


Therefore P=4vy3 EņpIp cos (30 + $) 
and the ratio 
P: 3EpIp cos $ 4/3 cos $ 


P ~ Y 3Epl, cos (30 + $) cos (30 + $) 
so that, for any given value of Py, 


cos (30 + ¢) 


PaP L 
3 4/3 cos d 


Now obviously a wattmeter type of instrument can 


| only move its pointer to a given position when it is 
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energized by a given amount of true power, and each 
mark on the scale corresponds to a definite amount 
of true power at the instrument terminals. If, there- 
fore, the instrument be connected with leading-phase 
potential coils, the above equation shows that, since 
the power P energizing the relay is not dependent 
merely upon the value Py, then the indications of a 
wattmeter will not necessarily be P, but may be any 
other value, depending upon the power factor. Similarly, 
the fact that power to the value P, flows in the main 
circuit is no guarantee that the moving element of a 
reverse-power relay will reach the tripping position. 

Manufacturers, however, universally equip their 
instruments with scales which indicate the position 
reached by the moving element when power to the 
value stated thereon is present in the 3-phase main 
circuit and is accompanied by unity power factor (i.e. 
' when ¢ = 0) and therefore, if the instrument be set to 
operate at a value of 3-phase power equal to — P}, the 
power required to operate the relay will be 


7 P,=-—P, cos (30 + $) 
4/3 cos $ 
and, since $ = 0 at unity power factor, we have 
cos 30. 0-866 
E e an 


It will be obvious, however, that this immediately 


introduces an undesirable feature into the operation of: 


the instrument, for if reverse power of value — P 
become present and be accompanied by a value of 
which is not zero (i.e. if the power factor of the reversal 
be other than unity), then the power fed to the relay 
is no longer equal to — 4P, but will be | 


p, 098 (30 + ¢) 
~~ 8 4/3 cos d 


This latter figure must, however, be equal to the 
value P, before the relay will operate, and therefore, 
writing — Py cos (30 + ¢)/(4/3 cos $) = — 4Ps, we have 


0:866 cos $ 
“cos (30 + $) 


and the value of the power in any reversal must, there- 


fore, be — P, (0: 866 cos $)/{cos (30 + $) before the 
relay will be operated, and this value is not constant 
but varies with the power factor. 

For an instrument with “ lagging phase ” connections 
[as Relay C in Fig. 2 (a)].—This case is similar in all 
respects to the preceding one, except that ¢, now equals 
(30 — $), as will be seen from the vector diagram, 

Fig. 2 (b), and in consequence the power P, necessary to 
operate the relay when set at a value P, is not merely 
P, but is actually 


oe OE Eee 


0-866 cos $ 
* cos (30 — $) 


For an instrument wii 
in Fig. 3) —Here 


** quadrature *” connections (as 


for, although the potential CB (Fig. 3) is normally 90° 
behind E, in phase A, this is compensated for by the 
effect of the condenser which is specially designed to 
produce this result. 


Therefore 
P = y 3Ep1, cos $ 
Pz _ 3EpIp cos ġ 
P  /3Eply cos y 
P = P3/V/3 
Therefore, if the instrument be set to operate at a 
value of — P, the power required in the relay circuit 


must be P, = — Psfy/3 and this will always be pro- 
duced by power — P, regardless of power factor. 


= 4/3 


and 


BEHAVIOUR UNDER SINGLE-PHASE FAULT CONDITIONS. 


Turning now to. the behaviour of the relays under 
fault conditions, and treating first the case of single- 
phase faults to earth, then:— — 

With a star-connected relay —The value of the power 
in the fault circuit | 


P; = Eyl; cos q 
The value of the power in the relay circuit 
| P = E,I, cos ¢, 
and it will be seen from Fig. 4 (a) that — 
E,=Ep I,=1y and $ =9 


Therefore P = Eyl, cos dy 
Pp _ Esl, cos by =] 
Pp Eyl f COS dy 
and P=P, 
The relay was, however, set for a value P, = — $P, 


| and, therefore, the power P in the relay circuit, due to 


P;, must equal this value P, if the relay is to be operated. 

Therefore, writing Py= — jP, we have that the 
fault must cause the power to be negative or “‘ reversed ” 
and requires to be one-third of the setting value of the 


_ relay in order to cause operation. 


With a relay having leading connections.—As before, 
the power in the fault 


P; = Eyl, cos dy 
and the power in the relay 
P = En, COS dr 
but, as will be seen from Fig. 5 (a) and from the vector 
diagram Fig. 5 (b), | 
E, = a/ 3Es; I, = Ls; and dr = 30 + dy 
Therefore P = +/3E yl; cos (30 + Py) 
Py Ecos pp cos dy 
and — = ———— SS = SS 
P 3E; cos (30. + dy) +/3 cos (30 + py) 
and therefore the power P in the relay circuit due to a 
fault to earth of magnitude Py is 
_ P3 cos (30 + Pp) 


= cos dy 
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But the relay was set to operate with a value of 
P = P, = — 4$P,, therefore when the value produced by 
Py reaches this magnitude the relay will trip. Thus, 


Reverse 


power 
relays ( 


(a), 


SOCOÓÓN 


JOVOOOU 
000000 


JUDOVL 
DONUT 


( . 


Ep = phase voltage 
Ey = voltage across fault 
E, = voltage across potential coil of relay 


Fault 


ay B Le Mp sty 


point of operation, since it is impossible to foretell what 
the power factor of the fault will be. 

With a relay having lagging connections —Reference to 
Lo E, Zp 
$9, 9, 


(6) RO 


“Voltage maintained. 


-Fic. 4.—Single-phase fault to earth. Star-connected relayer 


Ip = phase current l 
ly = fault current - $y = angle between Ef and ly 
i Ir r= = current in series coil of relay $r = angle between E, and J, 


: a col lapsed 


¢ = = angle between E, and Ip 
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Voltage collapsed 


Fic. 5.—Single-phase fanit to earth. “ Leading phase ” connections to relay potential coils. 


Ey = voltage across fault Iy = fault current 
Ira = current in series coil of relay“ A’’ - 


Era = voltage across potential coil of relay “a” 


(6) 


Voltage maintained 


gy = angle between Hy and I 
¢ra = angle between Epa and Le 


(e) 


Voltage collapsed 


Fic. 6.—Single-phase fault to earth. “ Lagging phase ”. connections to relay potential cola: 


Ey '= voltage across fault Ty = fault current 
Ira = current in series coil of relay “ A ” 


Era = A across potential coil of relay am, "as 


writing Pyy/3 cos (30 + $plcos br = — bPa ar and Selves 
for Py, we find 


cos br ` 0-288 cos dy 
Piet a A ey 
24/3 cos (30 + dy) cos (30 +- dy) 
and it is seen that the magnitude of the fault necessary 
to operate the relay depends upon the power factor, and 


y = angle between Ey and J, 
ora = angle between E,g and I ra 


Figs. 6(a) and 6(b) will show that in this case 


that the actual setting is of little value in fixing the | 


dr = (30 — ¢y) instead of (30 + by) asis the case with 
leading connections, and in consequence the power in 
the fault P; necessary:to produce operation is 


0:288 cos $, 
“cos (30 — d) 00 tot? 
With a relay having, quadrature connections —Referring 


P= —P, 
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to Figs. 7 (a) and 7 (b) and proceeding as in the previous Eyl cos (30 + 
cases, it will be seen that Therefore Pa = H we $a 
P; = — $P, and Ef = HErpoosgp" v3 cosg 
3 = 
as in the case of a star-connected instrument. s LE; cos (30 + py) yl ya cos ane 
, Py cos (30 
BEHAVIOUR UNDER CONDITIONS OF FAULT BETWEEN | 4nd Pa = ee 
Two PHASES. i d 
The behaviour of the relays when a fault involving The relay is set to operate when energized by power 
two phases develops has now to be considered, and | having a value P, = — 4P,; therefore, when the above 
Era 
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bra 


£Enb-Epe 
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Voltage maintained Voltage collapsed 


Fic. 7.—Single-phase fault to earth. “ Quadrature ” connections to relay potential coils. 


Ey = voltage across fault i ; Ty = fault current $y = angle between Ey and Iy 
Era = voltage across potential coil of relay “* A ” Ira = current in series coil of relay “ A ”” bra = angle between Epa and Ira 
Fault L Epa bra 
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Fic. 8.—Fault between phases “ A” and “ B.” Star-connected relays. 


Ey = voltage across fault Ty = fault current dy = angle between Ey and Iy 
a = voltage across potential coil of relay “ A ” Ta = current in series coil of relay ** A ”* bra = angle between Eyg and Ira 


here, as in the previous cases, the power in the fault is, | value for P, becomes equal to this setting, the relay will 
of course, Py = EI, cos ff, but now Ef is the voltage | close its tripping contacts. Thus, writing 
between lines instead of the phase voltage, and is there- | 


fore greater in magnitude than the latter and is removed P,cos (30 + by) snip 

therefrom by 30°. The power energizing the relay circuit 4/3 cos dy = É 

under the fault conditions will again be E,I, cos dy , 

and the relationship between these two values will, of and solving for Pf, we have 

course, vary according to the scheme of connections 

adopted, and these variations will now be shown, the pa /3(— P.) cos py RE ¡ARTE 7 IA 
fault being assumed to be between phases A and B. 3 cos (30 + py) 4/3 cos (30 + py) 


For star-connected relays.—Figs. 8 (a) and 8 (b) will l 
show that, with regard to relay A (in phase A), and in this case also the magnitude of the fault per- 
missible is seen to depend on the power factor. It will 
Era = Esly/3; Ira = Ip; and dra = 30 + dy . be apparent also from Figs. 8 (a) and 8 (b) that the relay 
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Fic. 9.—Fault between phases “ A” and “ B.” “Leading phase” connections to relay potential coils. 


Ef = voltage across fault : Ty = fault current $, = angle between Ef and Iy 
Era = voltage across potential coil of relay “* A ”” Ira = current in series coil of relay “ A ”” $ra = angle between Epa and fra 
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> S|power 
> E|relays 
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Fic. 10.—Fault between phases “ A” and “ B.” “ Lagging phase ” connections to relay potential coils. 


Ey = voltage across fault ly = fault current $r = angle between Ef and Iy 
Era = voltage across potential coil of relay “ A ” Ira = current in series coil of relay “* A ” Pra = angle between Eg and I,a 


£ Lra 
L; s Dra c Pra approaches Ø, 
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Fic, 11.—Fault between phases “ A ” and “ B.” “ Quadrature ” connections to relay potential coils. 


Ey = voltage across fault Ty = fault current dy = angle between Ef and Iy 
Era = voltage across potential coil of relay '* A ” Ira = current in series coil of relay “ A ”” $ra = angle between Era and Ira 
E, = voltage across potential coil of relay “ B ” I,» = current in series coil of relay “ B *” dro = angle between E,¿ and Frb 
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B on phase B will also be affected and that the current 
in its series coils will be If, as in relay A and as in the 
fault, but, since its direction in phase B must be opposite 
to its direction in phase A, the vector representing this 
current in the diagram for relay B must be moved 
through 180° with regard to its direction in the diagram 
for relay A, and thus ¢,, = 30 — y, as will be seen from 
Fig. 8 (b). 
Ey, = Esly3 and I, = 1; 


Therefore P, = Els cos (30 — py) 


1/3 
a _ Eyl cos hy _ _V3 cos dy 
{EAI s cos (30 — Pay 4/3 cos (30 — fp) 


y 3 cos dy 

P,, however, has been shown to be equal to — ¿P,. 

cos (30 — dy) _ 
/3cosde 


operate, and the value of Py necessary to produce this 
is obtained by solving this equation for Py. 


cos dy 
Pe 3 cos (30 — dy) 


For relays with leading-phase connections. 


Therefore, when Py — =! the relay will 


‘Therefore Py = 


Relay A.—From Figs. 9 (a) and 9 (b) we have:— 
Era = Ey; Ira = Ls; dra = (60 + y) 


and Pa = Ey,Iy cos (60 + dy) 
Py Eylycos py _ cos dy 
P,  Esljcos (60 + gy) cos (60 + $) 
P, =P cos (60 + Py) 
cos dy 
The relay is set to operate when the power in the relay 
circuit = P, = — $P,. 
Therefore, letting 
_ 4P,=P cos (60 + dy) 
cos dy 
cos dy 
sipe e 
we have P; +P, cos (60 + $7 


Relay B.—From Figs. 9 dé and 9 (b) we have:— 
Py _ Eyly cos dy 
Ps Ef cos dy 
= Py and Pr = — +P, 
— 2P, = Py 


and therefore the relay will operate at 50 per cent of the 
setting value, regardless of power factor, so long as the 
power be reversed. 

For relays with lagging-phase connections .—Proceeding 
as in the previous case, it will be seen from Figs. 10 (a) 
and 10 (b) that, for relay A, Py; = — $P, and this 
relay also is thus seen to operate at 50 per cent of the 
setting value, regardless of power factor, and only on 
true reverse power. 


Therefore 


Relay B, however, requires that the power in the fault 
shall be 


-p oS dy 
Ap Bs cos (60 — dy) 


For relays with quadrature connections. 


Relay A.—From Figs. 11 (a) and 11 (b) we have:— 


Tra = If; dra = (30 + Pi) 
= Eyl; cos (30 + dy) 
= __ Cos dy 
Py E,I, cos (30 + dy) cos (30 + dy) 
cos (30 + dy) 
cos dy 
P, = — Paly/3 
—P, p, cos (30 + dy) 
4/3 cos oy 
_ cos dy 
E1=— Es Te cos] (30 + dy) 


Relay B.—In a similar manner it will be found that 


E,q = Ey (in magnitude) ; 
and Pa 


and Pa = 


Letting 


then 


cos dy ` 


VE cos (30 — Hp 


EFFECT OF COLLAPSE OF VOLTAGE. 


In addition to the effects so far considered, it may 
happen that a fault having very low impedance may 
develop in any one of the cases given, and in such an 
event the voltage across the fault (and therefore across 
the potential coils of the relay) may collapse owing to 
the inability of the generating plant to maintain its 
voltage when delivering the current demanded by the 
short-circuit, and also owing to the drop produced in the 
line by the passage of this abnormally high current. 

In such a case it will be obvious that, since the voltage 
across the potential coils of the relay has been lowered, 


considerably more current than normal must flow in 


the series coil if the necessary power is to be produced 
to operate the relay; and, in addition, reference to the 
vector diagrams, Figs. 4 (c), 5 (c), 6 (c), 7 (c), 8 (c), 9 (c), 
10 (c) and 11 (c), will show that a displacement of up to 


_ 80° from normal may also be brought about in the phase 


relationship of the voltage applied to the terminals of 
the potential coil. 

In cases where the fault is directly across the lines 
to which the terminals of the relay potential coils are 
connected it is possible that, if the voltage falls to a 
low enough value, the relay will become inoperative, 
even with abnormally high current values. Where, 
however, relays are connected with their potential coils 
across two lines, at least one of any two affected will 
retain 1/4/3 of its normal voltage, unless the collapse 
be on all three phases. Owing to the phase displace- 
ment previously referred to and shown in the figures 
mentioned above, the calculations previously made 
require modification in some cases. These will be 
obvious from the diagrams, and it is not, therefore, 


proposed to consider them in detail, 
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t Current may require to increase to 4/3 times normal. 


* Current required may increase indefinitely. 


SUMMARY OF FOREGOING RESULTS. 


A summary of all the foregoing results is given in 
Table 1. The modifications for voltage collapse have been 
made in this table where necessary, and these modified 
equations are given in their appropriate columns, with 
suitable notes showing to what extent the voltage 
collapse may necessitate increase of current. 

If now various values be inserted in each of the equa- 
tions given in the table for ġ and dy and the setting value 
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Fic. 12.—Operating curves for reverse-power relays. Three- 
phase load or fault. 


P, be kept constant, values can be obtained for P or 
Py, as the case may be, and these will show what value 
of 3-phase power or of fault power will be necessary to 
operate the relay with any given setting. If these values 
be plotted, curves similar to those in Figs. 12, 13, 14, 15 
and 16 will be obtained. 

In the case of between-phase faults, it must be remem- 
bered that two relays will be affected with instruments 
having between-phase connections to the potential coils, 
and, since the operation of either relay is sufficient to 
trip the circuit breaker, the value of the power necessary 
to accomplish this will be that needed by the relay 
calling for the least value of Ps, and the more stable 
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conditions of the second relay will, of course, be useless. 
This fact has been taken into account in compiling the 
curves in Figs. 14, 15 and 16. 

From these curves it will be seen that, no matter 
how the relays may be connected, certain conditions, 
either of fault or of normal running, can in every case 
produce irregular operation of the relays, causing either 


(a) The relay to remain stable when reverse power 
in excess of the setting value flows in the circuit, 
or 

(b) The relay to operate even when forward power is 
being supplied by the circuit. 


Leading-phase connections 
to potential coils 


operation of relays, 


(e o] 
© 
Forward power 
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in per cent of relay setting 
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Fic. 13.—Operating curves for reverse-power relays. Single- 
phase fault. 


60 30 y 
forward 
lagging 2 


= 
+2 
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It is thus necessary to look closely into the conditions 
which are to be guarded against, in order to decide 
which type of connection is the most suitable for any 
given case. 


PROTECTION OF GENERATORS. 


Let us consider first the question of generator pro- 
tection. Now it is well known that at the instant of 
synchronizing an incoming generator there is usually an 
exchange of synchronizing currents between the running 


and incoming machines, and these currents may be 
considerably out of phase with the machine e.m.f.'s. 

At the instant of paralleling, the machine is excited 
to produce line voltage with no load on the machine 
and is, therefore, under-excited for load conditions. If 
the machine immediately picks up load it will give for- 
ward power with leading current, whereas if it be 
motored from the line it will absorb reverse power 
with lagging current. 

Now, it will be seen from Fig. 12 that under these 
conditions a rélay having its potential coils connected 
to the leading phase is definitely unstable and tends to 
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Fic. 14.—Operating curves for reverse-power relays. Poten- 
tial coils star- or quadrature-connected. Fault between 


two phases. š 
operate with practically no load, and thus synchronizing 
must be done with great exactitude if the circuit breaker 
is to remain closed. This method of connecting the 
relays is, therefore, undesirable for these particular 
conditions. 

The lagging-phase connection is also undesirable, 
since it, too, produces instability in the relay under . 
conditions of hunting, which may occur due to any 
surge arising out of, say, a sudden fluctuation in load, 
or to a fault on some remote part of the system. In this 
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a a OŘ M ee 


case, since the machine is excited for about full load, it 
is over-excited during those periods of hunting, when it 
tends to become motored by the remaining machines. 
In consequence its power factor will be very low, and if 
it continues to give forward power this will be accom- 
panied by low, lagging power factors, whereas if it be 
motored the reverse power consumed will have a low, 
leading power factor, and reference to Fig. 12 will show 
that under these conditions a relay connected across 
the lagging phase tends to operate with practically no 
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Fic. 15.—Operating curves for reverse-power relays. Poten- 
tial coils connected to leading phase. Fault between 
two phases. 


power, and the healthy machine may in consequence be 
cut off from the bars. ee 

The author has attempted to run a large traction 
station with the generator reverse-power relays arranged 
first with lagging phase connections and later with 
leading phase connections. With the first arrangement, 
any fault on the system invariably caused at least one 
machine to be tripped off the bars, although the relays 
were set at 40 per cent of the full-load rating of the 
generators, and the relays were, therefore, almost useless 
as protective devices against faults in the generator; 
whilst, with the second arrangement, any drop in load 


at the moment of synchronizing an incoming machine 
always resulted in the incoming machine being tripped. 

Both these effects might, however, be overcome by 
fitting a time delay in the instrument, but this would, of 
course, be detrimental to the action of the relays under 
fault conditions and is not, therefore, a real solution to 
the difficulty. 

Stability up to the setting value of the relay is thus 
seen to be essential for generator protection and, there- 
fore, the star or quadrature connections offer the best 
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Fic. 16.—Operating curves for reverse-power relays. Poten- 
tial coils connected to lagging phase. Fault between 
two phases. 


solution (as will be seen from Fig. 12). Even these 
connections do not, however, demand constant power 
with between-phase faults, as will be seen from Fig. 14, 
but this is of no importance, since, if the machine be 
really faulty, the earlier operation of the relay at low 
power factors becomes an advantage. 

Furthermore, in the case of faults outside the station 
and calling for forward power at low power factor, if the 
fault be a 3-phase symmetrical one there is no tendency 


for the relays so connected to operate (see Fig. 12), 


whereas with leading or lagging connections the relays 
may require but little power to trip the machine. 


é 


ees cia 


. FOR 3-PHASE GENERATOR 


This advantage is even more marked in the case of 
single-phase faults (see Fig. 13) and, since these are 
perhaps the most frequent type of failure, this fact alone 
is sufficient reason for the adoption of the star or quadra: 
ture system of connection. 

With between-phase faults beyond the relay, even 
star or quadrature relays may be in danger of operating, 
but, again, they have the advantage over relays with 
leading or lagging phase connections, since the danger 
point is not reached until the power factor has dropped 
to a much lower value than that which renders the latter 
types unsafe, and this advantage becomes more marked 
if the voltage tends to collapse. 

A further examination of Figs. 12, 13 and 14 will show 
that the quadrature type of connection has little advan- 
tage to offer over the simple star connection, except 
in the case of a short-circuit between two phases with 
collapse of voltage. This is only of importance, 
however (in the case of generators), if no other pro- 
tection gear be installed, and, where such additional 
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any extra power which the relay may, prove to need will 

soon be forthcoming. 

_ Apart, however, from the desirability of limiting the 

fault to the smallest magnitude consistent with the 
‘satisfactory “ surge ” setting of the relay, there must 

also be considered the question of the effect on the relays 

on other parts of the system. 

Most systems using reverse-power relays on feeders 
usually employ overload and earth leakage relays at the 
“supply ” end of the feeder, in order to cut out a faulty 
cable at that end, and Fig. 17 shows the arrangement in 
diagrammatic form. 

Now suppose a single-phase fault to develop on 
feeder “ A ”” (Fig. 17) at the point indicated, then the 
earth leakage relay “a” will operate, thus cutting off 
the direct supply to the fault; power will, however, 
continue to be fed thereto by way of the parallel feeder 
“ B,” and will thus cause the necessary reversal at “ R ” 
and tend to produce operation. There is, however, 
a tendency also for the earth leakage relay “b?” to 


8 


TABLE 2. 


Power factor of fault 
Current to operate A : Power in fault (single- 
earth leakage relay aan phase, oleae 350) 
amps. kW 
14-25 1-0 90:5 
14-25 0-866 78°4 
14°25 0:5 45°25 


0 


Values below which reverse-power relays must be set if they are to operate 
efore earth leakage, relay “b” 


Leading Lagging 
cos (30 + of) 


Star or quadrature cos (30 — $ f) 
Pg = 3Pf Ps = Pf 0-288 cos bf E 0-288 cos Of 
kW kW kW 
271:5 271-5 271:5 
235:2 313-0 156:5 
135-75 271:5 Zero 


gear is provided, the author considers the additional 
expense and complication incurred by reason of the 
condenser to be unjustified and he recommends the 
adoption of simple star connections for generator 
protection. 


PROTECTION OF FEEDERS. 


Turning now to the protection of parallel feeders, in 
this case two conditions are of primary importance :— 


(1) The relays must remain inoperative in the event 
of small 3-phase reversals, such as might result 
from a surge, regardless of the power factor 
accompanying such surge, or otherwise the 
protected feeder will be put out of action with 
surges of only small magnitude, provided the 
power factor is low enough. 

(2) The relays must operate at their setting value and 
must not require any excess of power above this 
figure (regardless of power factor). 


This second requirement may not at first sight appear 
to be of much importance, and it may be felt that a fault 
which permits the passage of power equal to the setting 
value will very soon develop to such proportions that 


operate, and it depends entirely upon the value of the 
power required to operate “ R” to decide which relay 
shall operate first. 

Let feeder “ B ” be assumed to be a 0-2 sq. in. 11 000 
volt 3-phase cable and the earth leakage relay to be 
set to operate at 5 per cent of normal full load (i.e. 
5 per cent of 285 amperes, E.R.A. rating), then a leakage 
of 14-25 amperes will be necessary to produce operation. 
If this current be present and the fault circuit be assumed 
for the moment to be non-inductive, then the value of the 
single-phase reverse power which tends to affect relay 
“R” on the faulty |phase will be 6350 x 14-25 
= 90-5 kW. 

Now it has been shown (see Table 1) that the power 
in the fault (Pp) necessary to operate a star- or quadra- 
ture-connected relay = P; = 4P,. Therefore P; = 3Py 
and the relay must therefore be set at less than 3 x 90-5 
=271 -5 kW if it is to operate before the leakage relay “b.” 

Had the potential coils of the relay been connected 
across the leading phase, then, since 


0: 288 cos dy 
“cos (30 + dy) 
cos (30 + dy) 
0-288 cos dy 


P, = 


P, must be made equal to Py 
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and since we are, for the moment, dealing with unity 
power factor, $ = 0, and P, must equal Py cos 30/0: 288 
= P; X 0:866/0- 288 = 3 x 90-5 = 271-5 kW as before. 

Now it is extremely unlikely that the power factor 
of the fault will be unity, and, therefore, if some other 
- value be assumed, say 0:5(py = 60°) or 0-866($, = 30°) 
(both lagging), then Table 2 will show the values below 
which the reverse-power relays must be set if they are 
to operate without affecting the earth leakage relay “ b.” 

A study of Table 2 will show that the power required 
to operate relays having leading-phase connections to 
the potential coils is a more constant function of the 
earth leakage current throughout the range of power 
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factors usually. accompanying a single-phase fault than 
is the. case.with either star-, quadrature- or lagging- 
‘connected instruments, and it is, therefore, more nearly 
possible to. obtain. properly correlated settings between 
earth leakage relays, and reverse-power relays if the 
latter have’ their potential coils connected to the adn 
phase. ~ - 

. With regard to stability under conditions of momen- 
tary 3-phase reversals, it. will be seen from Fig. 12 that 
star- or quadrature-connected instruments are definitely 
stable up to the setting value throughout the entire 
range of power factor; but reference to Table 2 will show 
that relays so. connected may not be set at so high a 
value as is possible with leading-phase instruments, if 
satisfactory discrimination in respect of earth faults is to 
be obtained. 


To obtain absolute reliability with power factors 


of between unity and 0-5 lagging, star- or quadrature- 
connected instruments may be set at only 50 per cent 
of the setting permissible with instruments having 
leading-phase connections. Thus the tendency of the 
latter type of instrument to become unstable with low 
power factors is largely offset by the higher setting 
permissible; in fact, this connection has the advantage 
in this respect for power factor values between unity 
and 60° lagging (reverse power). 

It will thus be seen that for feeder protection the 
leading-phase connection gives the most satisfactory 
behaviour possible, so far as single-phase faults and 
stability are concerned. 

Considering between-phase faults, it will be appre- 


ciated that these do not affect the earth leakage relays, 


and in consequence the faulty feeder is not disconnected 
at the supply end until the overload relays come into 
action; thus a considerable amount of power may be fed 
to the fault, and power may also be fed back thereto from 
any synchronous plant beyond the fault, such as the 
synchronous motors “X ” and “ Y ” in Fig. 17. 

Under these circumstances, relays “1” and “m” 
will also have a tendency to operate, in addition to relay 
“R,” and forward power (influenced largely by the 


` power factor of the fault) will flow past relay “ S.” . 


The effect of these conditions upon relays connected 
according to the four methods under discussion will be 
as given in Table 3, the current in the fault being assumed 
to lag behind the fault voltage. 

The most important requirements demanded by these 
conditions are that relay “ R” should definitely be 
operated and that relay “S” should remain stable. 
Thus, so far as relay “S” is concerned, the leading 
connection is again the most suitable, since it fulfils this 
condition under all conditions of voltage. In the case 
of relay “ R,” this connection results in very sensitive 
operation and is, therefore, satisfactory, but there is 
danger of the relays ‘‘1’’ and “ m ” also being caused to 
operate with very low values of power if this type of 
connection be used. It is true that this undesirable 
feature could be obviated by the use of the lagging-phase 
connection (or, if the voltage collapse, by the use of the 
quadrature connection also), but, from what has been 
said before, this would result in very poor behaviour 
under the conditions considered earlier on, and therefore 
cannot be obviated. Thus, although the leading- 
phase connection gives the best possible means of 
utilizing this type of relay for feeder protection, the 
behaviour leaves a considerable amount to be desired, 
and a further advance in the design is thus seen to be 
desirable. 


CHANGING CONNECTIONS. 


It is perhaps necessary to point out at this stage that 
the potential coils of a relay cannot be changed indis- 
criminately from one system of connection to another, 
for the following reasons :— 

From what has been said earlier on, it will be seen 
that, if the connections of the potential coils of a given 
relay were to be changed from star to either the leading 
or lagging phase, then the setting values marked on the 
scale would automatically become untrue, for with 
star-connected potential coils the pointer must reach 
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the setting value when energized by only one-third of 
the 3-phase power in the main circuit, whilst for leading 
or lagging connections the pointer (i.e. the moving con- 
tact for the tripping circuit) is influenced by half of the 
total 3-phase power. (The latter statement is true only 
for unity power factor load in the main circuit, but it is 
for this condition only that the scale of an instrument 


of tripping contacts shall be closed or not. At first 
sight this appears to be a very near approach to a true 
a.c. reverse-current device. Consider the instrument 
as an ammeter capable of indicating correctly the main 
current and having: tripping contacts in series with 
those of a central-zero wattmeter, the latter contacts 
being fixed at the first division on the reverse side 


TABLE 3. 
Relay “gn Relays 9 “m” and uR” 
Type of connection j ; j 
‘ Behaviour Operating Power required | Behaviour Operating Power required - 
| : | degrees % of setting | % of setting 
Star... a si S .. | May operate | 60-90 Inf.-zero Operate | Throughout | Zero to 66 
Quadrature (voltage maintained) .. | May operate | 60-90 Inf.-zero Operate: | Throughout | Zero to 66 
Quadrature (voltage collapsed) Stable o — Operate | Throughout 57 
Leading (voltage maintained) Stable — Operate | Throughout | Zero to 50 
Leading (voltage collapsed) Stable | — Operate | Throughout | Zero to 50 
Lagging (voltage maintained) May operate | 45-90 Inf.-zero | Operate | Throughout 50 
Lagging (voltage collapsed) May operate | 45-90 Inf.-zero Operate | Throughout 50 
Required condition .. mS 5. ee Stability “1” and “m” to be stable. 


“ R” to operate. 


working with either leading or lagging connections is 
true.) | 

. Now, where relays are energized by potential trans- 
formers, this effect is subject to a still further variation, 
since, in order to keep the voltage across the coils at the 
value for which they were designed, the ratios of the 
transformers must be different. 

For star-connected relays the ratio must be:— 


Main phase voltage/relay coil voltage. 


For relays whose potential coils are between phases 
the ratio must be:— i 


Line voltage (i.e. 4/3 X mairi phase voltage) 
relay coil voltage. 


DIRECTIONAL A.C. RELAYS. 


So far, consideration has been given only to true 
wattmeter-type relays, but the same arguments can ' 
be applied to almost all classes of so-called reverse-power 


relays. 

In a later type of instrument the disadvantages of non- 
operation due to failing voltage are claimed to have been 
overcome by applying the scheme outlined below. 

An overload mechanism, operated purely by current, is 
arranged under the same cover as an extremely sensitive 
directional element, and each of these devices is fitted 
with tripping contacts wired in series. The directional 
element is not required to be quantitative, but is merely 
required to close its tripping contacts when the power is 
“ reversed,” and it can, therefore, be made so that only 
l per cent or less of the normal voltage will produce 
discriminative action, and it then remains for the quanti- 
tative current device to decide whether the second set 


of the wattmeter scale. It would now appear that, so 
long as the power is forward, the ammeter may reach 
the tripping value and close the contacts and yet not 
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Fic, 18.—Diagram showing conflicting requirements in 
behaviour of reverse-power relays when under normal 
or fault conditions. 


open the switch, since the wattmeter contacts are not 
yet closed. Furthermore, in the event of reverse power, 
even if the voltage be reduced almost to zero, it will 
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require but little current to bring the wattmeter finger 
over to the operating position, equal to, say, only 
10 watts, and thus, if the current ever reaches the figure 
at which the ammeter contacts are closed, the switch 
will be tripped, since then the tripping circuit will be 
completed at both sets of contacts. The instrument 
thus appears to be remarkably efficacious, yet a little 
consideration will show that, as in the case of wattmeter- 
type relays, the directional element will not operate 


correctly with single-phase, 2-phase and 3-phase faults, 


no matter how connected, but will in some cases close 
the contacts with forward power, so that, if the current 
be of sufficient magnitude, inaccurate operation will 
result, whilst also, in some cases of reverse power, the 
directional element will still remain open in exactly 
the same manner as has been shown to occur with 
wattmeter-type instruments. This obtains, no matter 
what scheme of connections is adopted, and the points 
at which incorrect operation can be produced are exactly 
as given in Figs. 12, 13, 14, 15 and 16 for wattmeter- 
type instruments; the power values indicated by the 
curves require modification, however, and the current 
curve is a straight line having a value equal to the 
setting of the overload—or ammeter—element for all 
values of power factor and voltage collapse. 

The instrument does represent a marked advance, 
and enables correlated settings with earth leakage relays 
to be made with great accuracy, but the wattmeter 
element is still responsible for incorrect discrimination. 

That the problem is a difficult one will be appreciated 
from the following epitomized statement of the con- 
ditions :— 


For 3-phase and single-phase conditions the relays 


must remain stable so long as the vectors representing 
phase current and phase voltage are not displaced by 
more than 90°, and must operate at the setting value 
when this displacement is exceeded. 

For between-phase faults, however, stability is 
required so long as the vector representing fault 
current is not displaced by more than 90° from the 
vector representing fault voltage. The voltage across 
a fault between phases may, however, be either 30° 
ahead of or 30° behind the phase voltage (according 
to which of the two remaining phases is involved 
in the fault) and thus three sets of conditions are seen 
to call for consideration in any one relay, and, more- 
over, the requirements of each case are opposed to each 
other at power factors of less than 0° 5. 

This is shown in Fig. 18, where the full lines repre- 
sent the conditions under single-phase and 3-phase 
operation, the chain-dotted lines representing condi- 
tions involving the leading phase, and the plain 
dotted lines showing the conditions when the lagging 
phase is concerned. 


_In view of these conflicting requirements, it is small 
wonder that the simple instruments treated of in this 
paper fail to give the degree of protection really necessary, 
but if due consideration be given to the points which 
the author has attempted to set out in this paper much 
can be done to obtain more satisfactory results than 
appear to be common. 

In conclusion, the author would like to express his 
appreciation of the assistance so readily afforded him 
in the preparation of this paper by his colleague, Mr. 
H. C. Smith. 
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THE NINE-RING ROTARY CONVERTOR. + 
By L. H. L. BADHAM, EN Member. 


(Paper first received 2nd September, 1927, and in final form 11th May, 1928.) 


SUMMARY. 

The design and operating features of rotary convertors 
are considered and compared with respect to the number of 
slip-rings. 

Particular attention is given to the armature reaction and 
analysis of the magnetomotive force wave-forms, with their 
effects upon commutating conditions. 

The d.c. voltage wave-form is also examined. 

These investigations show that, in general, the 9-ring 
rotary convertor is superior to both the 6- and 12-ring 
machines. 

Voltage regulation and starting are considered. 

Methods of obtaining symmetrical 9-phase voltage systems 
from 3-phase supply mains by means of suitable transformer 
connections are described and examined. 


INTRODUCTION. 


With the increasing employment of rotary convertors 
of large outputs and high voltages it has become neces- 
sary to pay more consideration to the elimination of 
ripples and undulations in the d.c. voltage, so as to 
avoid interference with telephonic circuits; and to 
provide more stable commutating conditions, thereby 


reducing the risks of flash-over and increasing the per- - 


missible voltage between commutator segments. The 
shape of the armature m.m.f. distribution and its 
effect on commutating conditions with a sinusoidal 
applied voltage is first considered. In order to reduce 
tooth ripples a fractional number of slots per pole is 
desirable, but this condition can only be fulfilled with a 
symmetrical lap-connected winding when the number of 
phases is odd. The 9-ring rotary convertor can be made 
to incorporate these advantages and at the same time 
give less armature heating than the 6-ring convertor. It 
is further shown how, by means of suitable transformer 
connections, a symmetrical 9-phase system can be 
obtained from 3-phase supply mains. Starting condi- 
tions are also considered. Although some of the earlier 
part is repetition, it is given here to enable an easy 
comparison to be made with 6- and 12-ring convertors. 


VOLTAGE AND CURRENT RATIOS. 

It is well known that in a rotary convertor, the ratio 
between the voltage at the commutator brushes and the 
voltage between slip-rings remains practically constant 
irrespective of the load. Assuming a sinusoidal field 
form for the machine, the ratio of the voltage E, between 
adjacent slip-rings to the voltage Eg between the 
commutator brushes is 


Ea 1 Si TT 
Es V2 
where N = number of rings (see Table 1). 
* Thesis accepted in lieu of the Associate Membership Examination. 


(1) 


TABLE l. 


Ratio of Voltage between Adjacent Slip-Rings to Vortage 
at Commutator Brushes. 


ss AA Re ee Ce ee ne 


0-50 | 0-353 | 0-242 | 0-183 


The relation between the alternating current per ring 

and the direct current is given by 
I, 22 
Ia Nycosd 


where 7 = efficiency and cos ¢ = power factor (see 
Table 2). 


. (2) 


TABLE 2. 


Ratio o of Alternating Current per Ring to Direct Current, 
for y =landcosh =1. ~ 


N 2 3 4 6 9 12 
I, 

T, 1-414 | 0-944 | 0-707 | 0-472 | 0-314 | 0:236 
d 


The magnitude of the current per ring is of considerable 
importance in low-voltage high-speed machines, since 
for successful collection of current it is necessary that 
the size of the brushes, the current density under the 
brush and the peripheral speed of the slip-rings be 


TABLE 3. 


Ratio (Alternating Current per Conductor)| (Divect Current 
per Conductor) as Double-Current Generator, for 
yn =1 and cos $ = 1. 


N 2 3 4 6 9 12 

Ja 

7- | 1-414 | 1-088 | 1-0 | 0-944 | 0:919 | 0-91 
A 


kept within certain limits. Already some manufacturers 
have found it necessary to duplicate the slip-rings on 
large 6-phase machines and it has been proposed to 
employ 12-phase rotaries in order to halve the current 
per ring. 


1164 


BADHAM: THE NINE-RING ROTARY CONVERTOR. 


The alternating current per conductor, Jz, which 
would flow if the machine ran as a synchronous motor 
or generator is expressed as a ratio to the direct current 
per conductor, J, (i.e. as a double-current generator) by 


Ja 24/2 
Ja 9 cos ġN sin (n/N) ` 
This ratio is given in Table 3. 


HEATING OF ARMATURE WINDING. 
The theory of the heating of the conductors of a 
rotary convertor has been fully treated in textbooks, 
etc, and will not be developed here. The average 


so 


ATAA I | 
Pt tT TV LY 


Connection to slip-ring 


(3) 


Pt tt Tt | | 1 | | Direct current | 


Connection to slip-ring< . 


= 29 per cent by fitting 12 rings, and (cess — 1 


= 20 per cent by using 9 rings. 


However, the heating is not uniformly distributed 
and it is the maximum temperature that determines 
the permissible continuous loading of the armature, so 
that Table 4 is not directly applicable in practice. 

The copper loss in any conductor, displaced by an 
angle a from the mid-point between consecutive tappings, 
expressed as a fraction of the d.c. generator loss is . 


8 16 cos (a + $) 


BSk y? cos? AN? sin? (m/N) mN cos $ sin (mN) (5) 


EA AE AS AO 
ttt Biel current 


NN eee 
TAN 


nnection to slip-ring 7 


Q 


` 


Cc 


Fic. 1.—Distribution of relative copper loss between tapping points of convertor. armature having N slip-rings. 


heating expressed as a copper-loss ratio may be obtained 
from equation (4), and is given in Table 4. 


IR loss in rotary 
I?R loss in d.c. generator 


Sie : Ao A 
E y? cos? dN? sin? (n/N) y? 
TABLE 4. 
Copper Loss Ratio in in Rotary Convertors, at y = 1 and 
cosh =1. 
N 2/3 |a| e |s | 2 | @ 


ene A | cg | eee | ee ees | eee 


Loss ratio 1-38 | 0:56 | 0-38 | 0-268 | 0-223 | 0-203 | 0-19 


Thus, based on the average heating as in Table 4, the 
output of an armature compared with its rating as a 

| 0-268 
6-phase machine would be increased by (o = ) 


a 


This expression is plotted in Fig. 1, which shows the 
distribution of the copper loss between tappings for 
N = 6, 9 and 12 with cos $ = 1:0and 0-95 at y = 1-0. 
These curves do not accurately represent the loss distribu- 
tion around the periphery, on: the one hand because 
some of the heat is conducted away to the cooler 
conductors, and on the other hand because, in equation 
(5), equal resistance is assumed in all conductors. 
Taking the curves, however, as approximately correct, 
it is seen that at unity power factor the loss in the coils 


| 0-42 ) 
l l i — = 57 per 
next to the vue with 6 rings is ( 0-268 I Pp 
ad 0-29 
cent greater than the mean value; (sos — 1) = 29 per 


cent with 9 rings and (o — 1) = 18 per cent with 
0-208 
12 rings. 
From this it follows that the 9-ring armature gives, 
in proportion to the additional number of rings, a 
greater improvement in the heating conditions than the 


-12-ring machine. 


- a d.c. generator. 


harmonic analysis is desirable. 
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aora REACTION AND ANALYSIS OF M.M.F. 
WAVES. 


When running normally the rotary convertor operates 
as a synchronous motor and delivers power as a d.c. 
generator. The armature reaction will therefore be 
the resultant between that which would occur if the 
machine were a synchronous motor and that if it were 
The distribution of the armature 
reaction * for either case may be easily obtained by 
drawing the distribution of the ampere-conductors 
around the armature periphery and integrating these 
curves so that the resultant curves are symmetrical 
with respect to the datum line. In this way the ampere- 
turn curves, to which the m.m.f. curves are proportional, 
are obtained. In Fig. 2 the extreme values of the 
Shape of the m.m.f. distribution for the alternating 
current are drawn out by this method for a uniformly- 
distributed, full-pitch, double-layer winding for N = 6, 
9 and 12. These curves are drawn to scale, i.e. the d.c. 
output is the same in each case. The corresponding 
m.m.f. distribution for the direct current is shown by 
a triangle on the same base. The distribution of the 
armature m.m.f. as a rotary convertor will then be 
the difference between the a.c. and d.c. magnetomotive 
force distribution. 

The above method gives a quick means of obtaining 
the shape of the m.m.f. curves, but for exact comparisons 
of various windings an analytical procedure involving 
Such methods have 
been treated by A. Russell,j E. Arnold,{ S. P. Smith and 
W. H. Barling,$ B. Hague, || and A. E. Clayton. The 
method adopted here is that of Hague, in which the 
m.m.f. wave-forms of the individual phase bands are 
expressed in Fourier series. The sum of the individual 
wave-forms, taking into account the angular displace- 
ment of the coils and the phase displacement of the 


. Currents, gives the resultant m.m.f. of the winding as a 


whole. 
_ The resultant m.m.f. may then be expressed 


N= © 


r=) "F, A 


n=1 


where F, is the resultant m.m.f. of the nth harmonic in 
the Fourier expansion. 

For symmetrical N-phase, uniformly-distributed, full- 
pitch, 2-layer windings, it may be shown that the har- 
monics present in the resultant m.m.f., expressed as 
ampere-turns per pole-pair, considering n = 2r + 1, 
where r is any positive integer inclusive of zero, are :— 


If both rand r + 1 are not multiples of N :— 
Fn=0. . .... © © +. (78) 


If n = 2kN — 1 and N is odd or even :— 
F,, = 4NB, sin (n0 + wt). . . (7b) 


$ C. C. Hawkins, S. P. SmitH and S. NEVILLE: “ Papers on the Design of 
Alternating- -Current Machinery,” p. 38. 
“ Alternating Currents,” vol. 2. 
“Die Wechselstromtechnik, ” vol. 3. 
§ Electrician eat vol. 74, p. 42. 
\| Journal I. , 1917, vol. 55, p. 489. 
i Journal I. EE? 1923, vol. 61, p. 749. 


VoL. 66. 


oe = 


l£ n = kN + ] ‘and N is odd or even:— 


F, = NB, sin (nô — wt). . . (To) 
If n = kN — 1 and N is even: — 

F, = 4NB,, sin (n0 + wt) . . (7d) 
If n = kN + l and N is even: — 

F,, = 4NB, sin (nf — wt) . . (Te) 


The quantity K is any positive integer, inclusive of zero, 


and 


21223, . NT 
sın — . 
mn? N 


n= . (8) 
where Z = number of conductors per pole-pair, 
Ja = current per conductor, and 
0 = angular displacement from the centre of the 
first phase band in which 2 =+ att = 0. 


From these equations the magnitude of the funda- 
mental and the harmonics of the resultant m.m.f. may 
be evaluated. By choosing suitable values of Ó and t, 
the values of the extreme positions of the wave-shapes 
may be calculated. 

In Table 6, the m.m.f. distributions for N = 6, 9 and 
12 have been analysed and expressed in terms of the 
fundamental for uniformly-distributed, full-pitch, 2-layer 
windings by the above method. The amplitudes of the 
waves are given in Table 5. 

Where the windings are concentrated in slots the 
effect is to change the value of B, in the previous 
equations, all other conditions remaining the same. 
The new value of B, to be employed, assuming that 
copper occupies half the slot-pitch, is 


V2(89ZI a) 
Bn = —aN ay Sn) sin g o... (9) 


where g = number of slots per pole, and 


f(n) = distribution factor for the nth harmonic of 
sin (n7r[N) 
(29/N) sin [n7/(29)] 


The effect of the slotting is to change the magnitude 
of the harmonics and introduce steps into the shape 
of the m.m.f. waves. The magnitude of the harmonics 
with slotted armatures is given in Table 6 for N = 6, 9 
and 12. The slotting of the armature for the different 
values of N is taken to give a symmetrical N-phase 
winding. It naturally follows that, where g is fractional,. 
the winding cannot consist of full-pitch coils. If the 
slots are skewed by one slot-pitch, the armature m.m.f. 
wave-shape may be considered as equivalent to that 
of a uniformly distributed winding. 

Where the winding is of short-pitch coils, the equations 
for the m.m.f. must be further modified, for which 
reference should be made to the original paper previously 
quoted. The effect of the chording is to reduce the 
magnitude of some of the harmonics, with the result 
that the m.m.f. waves approach nearer to a sine wave. 
Further, where the number of phases is odd, even har- 
monics are introduced into the m.m.f. wave and it 
follows that the positive and negative half-waves are 


75 


29/N coils in series = 
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eC ene tine Current ampere-conductors 


Direct-current ampere- conductors 


2g = 24 slots per pole-pair. ` Coil span = 1-12 slots. 
Fic. 3.—Armature ampere-turn distribution with double-layer, short-pitch coils concentrated in slots (6-phase). 
A = Distribution of direct-current m.m.f = Distribution of alternating m.m.f. (flat-topped). z 
B = Distribution of alternating m.m.f, (peaked). D ‘and E = Resultant distribution of m.m.f. in rotary convertor. 


Alternating-current ampere-conductors 
E PIPE O e eS ERAO 9 iI ) 


Direct- current ampere- -conductors 7 
2g = 27 slots per pole-pair. Coil span = 1-14 slots. 


Fig. 4. —Armature ampere-turn distribution with double-layer, short-pitch coils concentrated in slots (9-phase). 
A = Distribntion of direct-current m.m.f C = Distribution of alternating m.m.f. (flat-topped). 


B = Distribution of alternating m.m_f. (peaked). D and E = Resultant distribution of m.m.f. in rotary convertor. 
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of dissimilar shape. This may be seen in Fig. 4, in 
which the m.m.f. wave is drawn out for N = 9 with 
2g = 27, the coils being short-chorded by half a slot- 
pitch. Table 6 gives the magnitudes of the harmonics 
for N = 6, 9 and 12 with coils short-chorded by one 
slot-pitch, with the exception of N = 9 and 2g = 27 
and 45, where the chording is a half slot-pitch. 

The graphical determination of the m.m.f. wave for 
slotted armatures and chorded windings is accomplished 
in a manner somewhat similar to that employed for a 
uniformly distributed winding, except that the ampere- 
conductors per slot are drawn for each slot extending 
over the slot width and then the whole armature peri- 
phery integrated: Figs. 3 and 4 were obtained by this 
method, but the first operation is not shown. Table 5 
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number of phases and type of winding (see Figs. 2, 3 
and 4, and Table 7). In Table 7 the amplitude of the 
fundamental and extreme positions of the armature 
m.m.f. as a synchronous motor are expressed in terms 
of the direct current as a rotary convertor at unity 
power factor by substituting the value Jg as obtained 
from equation (3), for Ją in Table 5. The corresponding 
armature reaction as a d.c. generator is calculated from 
equation (10). The amplitude of the resultant armature 
reaction, on the neutral axis, as a rotary convertor is 
given by the difference between the extreme values of 
the armature m.m.f.’s under the two conditions, with 
the exception of N =9 with chorded coils. In the 
latter case the maximum values of the a.c. and d.c. 
armature reaction do not coincide with the neutral 


TABLE 6. 


1 
è 


The Amplitudes of the Magnetomotive Force of Polyphase Armature Windings. 


The Value of the M.M.F. expressed as Ampere-Turns per Pole-Pair = ZJa x Constant from Table. 


WINDING CONCENTRATED IN SLOTS 


9 
2 
k- 
Number Es Full-pitch coils Chorded 1 slot-pitch sc one 
phased, Value 73 —_——_~- 
N E È Number of slots 2g = 
9 
5 24 80 36 42 48 24 30 36 42 48 27 45 
Fundamental o-4299 | 0-4307 | 0-4304 | 0-4301 | 0-4300 | 0-4299 | 0-4270 | 0-4280 | 0-4286 | 0-4288 | 0-4290 | — — 

6 Maximum 0+4714 | 0-4714 | 0-4714 | 0-4714 | 0-4714 | 0-4714 | 0-4419 | 0-4478 | 0-4518 | 0-4546 | 0-4567 | — — 
Minimum .. 0-4082 | 0-4082 | 0-4082 | 0-4082 | 0-4082 | 0-4082 | 0-4082 | 0-4082 | 0-4082 | 0-4082 | 0-4082 | — — 
Fundamental 0:4411 | — = [0s] — — — — |[0-4398 | — — 0:4411 0-4411 

9 Maximum .. 0-4455 | — — |0-4455| — — — — |0:4455| — — | 0-4455 | 0-4455 
Minimum .. 0-4887 | — — |0-4387{ — — — — |0-4887 | — — | 0-4387 | 0-4387 
Fundamental 0-4450 | 0-4459 | — |0-4454] — | 0-4450 | 0-4421 | — | o-4438| — |0-4441 | — — 

12 Maximum 0-4553 | 0-4553 | — |0-4553 | — | 0-4553 | 0-4400 | — [0-4451| — |0-4477 | — — 
Minimum 0-4399 | 0-4399 | — |o-4308 | — |0-4399 | 0-4399 | — |[0-43998 | — | 0-4899) — — 

gives the amplitudes of the fundamental and extreme | axis. Under these conditions the value of the resultant 


values of the m.m.f. wave-shapes, expressed in ampere- 
turns per pole-pair, for polyphase armature windings 
carrying sinusoidal currents. By means of this table 
and Table 6 the magnitude of any particular harmonic 
may be obtained. 

The distribution of the d.c. magnetomotive force may 
be treated by the graphical method. The effect of the 
width of the brush has been neglected and it is assumed 
that the neutral axis divides the commutator segments. 
The maximum value of the d.c. armature reaction may 
be obtained from the equation 


(g — €)ZJa 
FP, = 77 Sle 
a= 2 


where e = the amount of  chording expressed. in slot- 
pitches. T , 


- ampere-turns per pole-pair . (10) 


COMMUTATING CONDITIONS. 


The armature reaction which would occur if the 
machine were a d.c. generator is constant for a given load, 
but owing to the variations in the a.c. armature reaction 
the resultant armature reaction as a rotary convertor will 
pulsate, the degree of pulsation depending upon the 


on the neutral axis may be calculated from consideration 
of the graphical construction. When N = 9, 2g = 36, 
e = l for the peaked a.c. magnetomotive force wave- 
shapes, this value is given by 

V2ZJ, cos (771/18) 

4g 

ampere-turns per pole-pair (11) 
When N = 9, 2g = 27 and 45, and e = $, the maximum 
value of the a.c. magnetomotive force occurs on the 


neutral axis, but that due to the direct current does not 
and the resultant is given by 


F, =F¿— = — Fmax, ampere-turns per pole-pair (12) 


F, = Fq — F mar. — 


With the flat-topped m.m.f. wave the resultant may 
be obtained directly by subtraction. 

Where even harmonics are present in the m.m.f. 
waves the amplitudes of the two half-waves may differ, 
but since they occur under adjacent poles, i.e. in the 
same magnetic circuit, the asymmetry does not introduce 
complications and the ampere-turns per pole may be 
taken as half the number per pole-pair. 
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occur alone. 
will thus be equal to the number of teeth passing the 
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Tke actual value of the pulsating ampere-turns is 
given in Table 7, together with the relative value to 
that which would occur if the a.c. magnetomotive force 
were sinusoidal, i.e. the fundamental. Since the commu- 


tating poles are excited by a steady direct current, while 
the armature reaction pulsates, it necessarily follows 


that the machine must be alternately over- and under- 


commutated if the excitation is correctly adjusted. for 


the average value of the reaction. This factor intro- 
duces a limit to the permissible average voltage between 


commutator bars and therefore to the maximum per- 
missible voltage per commutator. 


The worst condition 
for a given load occurs at cos ġ = 1, since the maximum 
values of the a.c. m.m.f. wave coincide with the axis 
of the commutating poles and the maximum change 
in value of these waves occurs in this position. For 


conditions other than unity power factor, the effect is 


to increase the amplitude of the a.c. magnetomotive 
force waves inversely proportional to cos ¢ and to 
displace the ordinates of the waves by an angle ¢. 
The net result is that the fundamental value of the a.c. 
armature reaction on the neutral axis remains the same 
but the extreme values on this axis may have changed. 

Prof. Miles Walker * proposed to chord the winding 
of a 6-phase rotary by one slot-pitch, to reduce the 
pulsation. The degree of reduction due to chording 
one slot-pitch decreases as the number of slots increases, 
as may be seen from Table 6, with the exception of 
where N = 9 with coils chorded by half a slot-pitch. 
The improvement in commutating conditions is very 
marked when the number of rings is increased and the 
pulsation reduced to zero for certain cases. 

For high-voltage machines, where a large number of 
slots is advantageous, the pulsation in the case of 
9- and 12-ring armatures is of the same order and 
should be useful by allowing a higher average voltage 
between commutator segments than is permissible 
with 6-ring machines. The more stable commutating 
conditions also permit better operation under short- 
circuit and overload. 


D.C. VOLTAGE OSCILLATIONS. 


It is necessary for the prevention of interference with 
telephonic circuits that the oscillations in the d.c. 
pressure be reduced to a minimum and entirely eliminated 
if possible. These oscillations, which arise from the 
design of the machine, may be divided into two groups:— 


(1) Tooth and segment ripples. 
(2) Load oscillations. 


(1) Tooth ripples —As the teeth pass under the poles, 


the flux distribution is changed due to the varying 


reluctance at a given point, as a slot takes the position 
of atooth. The effect of the slotting may be considered 
under two headings, (a) a change in the total reluctance 
of the magnetic circuit per pole-pair, in which case the 


total flux per pole will vary, and (b) a variation in the 


distribution of the flux, so causing it to swing. Both 
these conditions may arise together or the latter may 
The frequency of the changes in flux 


* “The Diagnosing of Troubles in Electrical Machines,” p. 394, 


pole per second, i.e. 2g times the frequency of the 
fundamental. 

The wave-form of the e.m.f. induced in a coil on a 
slotted armature rotating at uniform speed has been 
investigated: by several authors,* but there is no general 
analytical method of predetermining the shape of the 
wave-form under practical conditions. The degree of 
flux pulsation and flux swing is relatively small, depend- 
ing largely upon the ratios (polar arc)/(pole pitch) and 
(slot opening)/(length of air-gap), the number of slots per 
pole, and the shape of pole shoe and damping circuit. A 
slight change in one of these factors may cause a con- 
siderable modification in the magnitude of the ripple 
set up in the e.m.f. wave-form. 

Methods of elimination have been proposed, such as 
skewing the slots or pole shoes. These are not favoured 
by rotary-convertor designers because of increased cost 
and difficulties in commutation. The employment of a 
fractional number of slots per pole is an effective 
alternative and, moreover, is cheaper to apply. It is 
desirable for the successful operation of rotary con- 
vertors that the tappings to the slip-rings and the 
windings should be symmetrical.j Such conditions 
limit the permissible slotting of the armature, as shown 
by S. P. Smith in ‘‘ The Theory of Armature Windings.” 1 
The condition for obtaining a symmetrical N-phase lap- 
connected winding with S slots is such that 


S = Npn 


where p = number of pole-pairs, and n = any integer, 
from which 2g = S/p = Nn. 

From this it is evident that the number of slots per 
pole can only be fractional, if both N and n are odd 
numbers. 

Thus, a 6- or 12-phase rotary with a symmetrical 
lap winding cannot be designed with a fractional number 
of slots per pole to reduce the tooth ripple, whereas 
with 9 phases this may be accomplished with practicable 
slottings of 2g = 27 or 45. If the ripple is eliminated 
from the coil e.m.f. it will not appear anywhere in the 
machine, either at fixed tappings (slip-rings) or moving 
tapping points (commutator brushes). 

Segment ripples —The number of coils short-circuited 
by the brushes at the commutator varies at different 
instants, hence the number of turns in series between 
brush arms will change, giving rise to variation in the 
d.c. voltage. The frequency of the ripple so caused will 
be gu, where u = number of segments per slot. This 
ripple is generally of very small magnitude and too small 
to disturb telephones. 

(2) Load oscillations —Neglecting oscillations due to 
the distortion of the current through a saturated external 
reactance, the load oscillations may be subdivided into 


(a) Armature reaction oscillations, and 
(b) Resistance oscillations. 


(a) Armature reaction oscillations.—As the shape of 
the a.c. armature m.m.f. distribution changes, the 
+ G. W. WORRALL: Journal T.E.E., 1907, vol. 39, p 


* S06: S. P. SMITH and R. 


. 206, and 1908, vol. 40, 

S. H. BOULDING: Journal LE.E., 1915, vol. 53, 

5; N. S. DIAMANT: Transactions of the American I.E.E., "1918, vol. 87, 
: W. V. Lyon: Transactions of the AE E.E., 1918, ‘vol. 37, p. 1477; 

.C. HAWKINS: “ The D jamo,” vol. 3, ch T 

1 M. WALKER: “ The Diagnosing of Troubles in Electrical Machines,” p. 401. 
Journal I.E.E.,1917, vol. 55, p.18. 
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resultant armature reaction varies and so changes the 
flux in the gap, thereby producing voltage oscillations. 
At unity power factor this effect is a minimum, but at 
other power factors the amplitude of the a.c. m.m.f. is 
increased and it also has a magnetizing or demagnetizing 
effect on the main poles. Thus, the machine in which 
this m.m.f. distribution most nearly approaches a sine 
wave will cause the least change in flux distribution 
between extreme values, and so have the minimum 
voltage oscillation. From Table 6 it is seen, in general, 
that the 9-ring armature gives an m.m.f. distribution 
approaching more nearly to a sine wave than either the 
6- or 12-ring machines with full-pitch coils. With 
chorded coils at unity power factor there is a small 
demagnetizing effect and the 9-ring armature gives the 
least variation. 

If the applied voltage and the induced e.m.f. differ in 
wave-shape, the alternating current will contain har- 
monics. These harmonics of current set up magneto- 
motive forces which may be stationary or revolve with 
respect to the main field system.* The reaction of 
these m.m.f.’s and the main field give rise to variations 
in the flux and hence voltage oscillations. 

(b) Resistance oscillations —These oscillations are due 
to the superposition of the alternating and direct currents. 
Their order and magnitude have been investigated by 
S. Neville f and J. Kostko.t Table 8 gives the value 


TABLE 8. 
Resistance Oscillations in D.C. Terminal Voltage. 
Magnitnde of Oscillations = IR x Constant from Table. 


I = Current per Brush Arm, R = Resistance of Arma- 
ture between Brush Arms, f = Fundamental 


Frequency. 
Frequency of oscillations 
Number of 
phases, N 
6f 12 f 18f 24f 361 
6 0-049 0-012 0-005 0-003 0-001 
9 == — 0-005 — 0-001 
12 — 0-012 — 0-003 


0-001 


of these oscillations at unity power factor expressed as a 
function of the resistance-drop in the armature as a 
d.c. machine. They are very few, even in the 6-phase 
machine, fewer in the 12-phase machine and still fewer 
in the 9-phase machine. 


VOLTAGE REGULATION. 


All the standard methods of voltage regulation can 
be applied to this type of rotary convertor without 
additional complexity, with the exception of the in- 
duction regulator, which would have to be designed for 
9 phases. This, however, is not a great disadvantage 

* B, Hacve: loc. cit., p. 512. i 

t “ Effect of Armature Resistance and Reactance on Terminal Pressure of 
Rotary Convertors,” Electrician, 1917-18, vol. 80, pp. 267 and 304. 


“ Pulsation of D.C. Voltage in Rotary Convertors,” Electrician, 1919, 
vol. 83, pp. 37, 61 and 86, 


since the smaller cross-section of the copper facilitates 
reduction of eddy currents. | 


STARTING. 


The 9-phase rotary convertor may be adapted for 
self-synchronizing starting, and the diagram of con- 
nections for the Rosenberg method * is given in Fig. 5. 
The machine is started as a 3-phase motor with the 
windings of the starting motor in series with the rings 
1, 4 and 7. When the machine is up to synchronous 
speed the triple-pole switch A is closed, and the rotary 
is running as a 3-phase machine. By closing the 6-pole 
switch B, the machine is connected in all 9 phases and 
ready to take load. 


NINE-PHASE TRANSFORMER. 


For the best operating conditions, polyphase rotary 
convertors must be supplied with a symmetrical 


Leads to transformer 
4 7 1 8 9 2 3 


Starting 


Fic. 5.—Diagram of connections for self-synchronizing 
9-phase rotary convertor (Rosenberg method). 


system of voltage and current. Two methods of 
obtaining a symmetrical 9-phase system from 3-phase 
supply mains have been proposed by G. Badey ł and 
are reproduced in Figs. 6 (a) and 6(b). Each limb of 
the transformer has three secondary windings A, B 
and C, which are connected with the other limbs as 
shown. The voltage per winding is represented by the 
relative lengths of the windings in the diagram, whilst 
the current per winding is obtained by the vectorial 
subdivision of the current per ring to the rotary. These 


i E. RosENBERG: “Selt-Synchronizing Machines,” Journal 1.E.E., 1913, 
vol. 51, p. 62. 
t Revue Générale de l Electricité, 1918, vol. 3, p. 163. 


ose a OE XN 


BADHAM: THE NINE-RING ROTARY CONVERTOR. 


-values expressed in terms of the d. c. voltage and line 
current are as follows :— 


Fig. 6 (a) 

- Secondary winding .. A B C 
Volts per winding .: 0-435 0-612 0:242 Eg 
Current in winding .. 0:341 0-180 0:278 Ig 

Fig. 6 (b) 

Secondary winding .. A B C 
Volts per winding 0-455 0:696 0-612 Ez 
Current in winding .. 0-063 0-278 0-180 I4 


The corresponding values for a 6-phase diametrical 
secondary winding are 0:707 Eg volts and 0-472 Ig 
amperes. Assuming the same primary winding and 
magnetic circuit, the amount of copper in the secon- 


Fic. 6.—Arrangement of secondary windings for oper to 


9-phase transformers. 


daries for the 9-phase and 6-phase transformers will be 
equal if the current densities are the same. 

A method due to F. Creedy * is given in Fig. 6 (c). 
Two of the windings per limb, A and B, are identical 
and connected with the other limbs to form.a hexagonal 
mesh. The third windings per limb are small auxiliary 
windings which are connected in alternate corners of the 
mesh. The voltage and current per winding and 
tapping points are as follows :— 


_ Secondary winding .. A B C 
Volts per winding .. 0-402 0-402 0-048 Ej 
Current in winding .. 0-46 0-46 0-314 I, 


Volts to tapping point xy (see Fig. 6c) = 0-262 Hy 


Such a transformer would require 15-5 per cent more 
copper in the secondary winding than a 6-phase trans- 


* “ Variable-Speed Alternating-Current Motors Without Commutators,”' 
Journal I.E.E., 1928, vol. 61, p. 309. 
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former under the same conditions. Since the voltage 
ratio xy : A is practically 17:26 and of C to A is 
nearly 3 : 25, difficulty may be experienced in obtaining 
these ratios in practice from one transformer, in which 
case a small auxiliary transformer may be employed. 
The primary of this transformer may be connected 
across the 1.t. windings of the main transformer and 
so designed that the voltage per turn is such that the 
correct voltage for C may be easily obtained (see Fig. 7). 

The kVA of this auxiliary transformer would be only 
4-6 per cent of that of the main transformer. 

The disadvantage of these three methods of obtaining 
a symmetrical 9-phase system is that they all embody 
mesh connection and do not permit a neutral point, by 
means of which the convertor could operate as a 3-wire 
machine. To overcome this difficulty the author pro- 
poses the star connection shown in Fig. 6(d). Each : 
limb of the transformer has four windings, A, B, C, D, 
of which the first three have copper of the same cross- 
sectional area. ' 


Secondary winding .. A B C D 
Volts per winding .. 0-262 0-262 0-214 0-140 Ez 
Current per winding . 0-314 0-314 0-314 0:796 Iz 


O6 O2 O8 03 05 09 04 | 7 


FiG. 7.—Diagram of connections of 3-phase to 9-phase 
transformer with auxiliary transformer. 


This method requires 3 per cent more copper in the 
secondary winding than a 6-phase transformer for the 
same output with the same current density. 

The .additional complication to obtain a 9-phase 
system from a 3-phase supply is not greater than that 
necessary to obtain a symmetrical 12-phase system.* 

Where the operating conditions of rotary convertors 
necessitate the consideration of increasing the number 
of rings, the 9-phase convertor has the advantage of 
improved commutating conditions and better voltage 


| wave-form compared with the 6- and 12-phase machines. 


The cost of the low-tension switchgear will be greater 
than that for the 6-phase machine, but cheaper and less 
complicated than that required for a 12-phase machine. 
The possible increased rating of á given frame as a 9-ring 
machine compared with the rating as a 6-ring machine 


a WALKER : loc. cit., p. 894; A. P. Lunt: Western Electrician, vol. 885 
p. » 
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should largely compensate for the increased cost of the 
‘ switchgear. l : | 

A further important consideration is that a large 
proportion of the “ extra losses ” which occur in machines 
with polyphase armature reactions''is due to the flux 
set up by the harmonics in those reactions. Since the 
9-phase machine has an armature reaction with an 
appreciably smaller number of harmonics than the 
.6-phase machine, it follows that with the same design 


——— Oe A A oe 


constants it will have lower “‘ extra losses ” and conse- 
quently a higher efficiency. 

This paper originated from a lecture by Dr. S. Parker 
Smith, Member, on “Telephone Interference ” in: the 
post-graduate course at the City and Guilds (Engineer- 
ing) College, South Kensington, and the author wishes 
to acknowledge his indebtedness to him and to Dr. Miles 
Walker, Member, for many helpful suggestions and 
criticisms. 


THE CIRCLE DIAGRAM OF THE INDUCTION MOTOR.* 
By LAURENCE H. A. CARR, M.Sc.Tech., Member. 


(Paper first received 5th March, and in final form 21st May, 1928). 


SUMMARY. 


Hitherto only two complete proofs of the circle diagram | 


allowing for stator impedance and core loss have been 
published, viz. (1) Ossana’s method of repeated inversion,t 
and (2) Lamme’s algebraic proof. 

Both of these methods have disadvantages. The first is, 
to the best of the author’s knowledge, not accessible in 
English, while the second is long and involved and often 
difficult to follow. Further, neither of these methods gives 
any construction for the determination or graphic repre- 
sentation of the secondary equivalent current. 


A new proof is here published, which has the following | 


features :-— 

(1) It is a graphic proof throughout. 

(2) It gives an casy construction for the secondary equiva- 
lent current and, where the secondary winding is not short- 
circuited, for the secondary equivalent terminal e.m.f. 

(3) Its correspondence with the symbolic method is 
exact, so that at any stage in a problem symbolic methods 
may be substituted for graphical methods, or vice versa, 
with full confidence that the values obtained by the two 
methods are in exact agreement. : 

- Finally, the application of the diagram to the synchronous 
machine is developed. | | 


List OF SYMBOLS. 


(Note:—-Vector quantities are indicated by an accent, 


, , ê F 
thus: E, I, e,, etc.; constants such as ay, a, and az are 
complex numbers.) 


E, = applied e.m.f.. | e , 
Zi = 7, + j%, = primary impedance, . 
Za = Ya + jz, = secondary impedance at full fre- 
quency, reduced.to primary circuit. 
_ Yq = 9 — jb = primary exciting admittance. 


- © The Papers Committee invite written communications (with a view to | 


ublication in the Journal if approved by the Committee) on papers published 
ln the Journal without being read at a meeting. Communications should reach 
the Secretary of the Institution not later than one month after publication of 
the paper to which they relate. . l 
+ See E. Arnoro: “Die Wechselstromtechnik,” vol. 5, pt. 1, chap. 5. 
$ Electric Journal, 1927, vol. 24, pp. 40 and 132, 


s = slip (expressed as a fraction). 


Iy = current taken from the line, or magnetizing 
current, at no load. 


primary current at short-circuit. 

Is = secondary equivalent current at short-circuit. 
Ig = Ig — Is = magnetizing current at short-circuit. 
I, = 1 x — I F = vector difference between short- 
circuit current and no-load magnetizing 


bey 
by 
ll 


current. 

I, = primary current at any load. 

L = secondary equivalent current corresponding 
to ie . 

Io =d i — I A = magnetizing current corresponding 
to I e l 

e’ = e.m.f. corresponding (at full frequency) to the 


air-gap flux. 
= Ey => qi (ri + jr). 
eg = Value of e at short-circuit. 
= Ej — Ix (ri + jz). 
Ez = € — Iz (ra + jx). 
E3/s = external e.m.f. in the secondary circuit (referred 
to full frequency and reduced to primary 


circuit). 
a, = Is/Iz or I's/(I'z — Iw. 
a, == I ole”. | 
a, = I sj E. ; 
dx = angle of lag (at short-circuit) between Ig 
and Ey. 


0 = angle between Ig and Is. 
, 
a =: angle between Is and Iz. 


Limiting conditions.—The equivalent circuit of the 


-polyphase induction machine is shown in Fig. 1. 


The general conditions to be satisfied (including cases 
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where other machines may be connected in cascade 
with the machine under consideration) are two in 
number, viz. 


(1) Ip =, — Je. | 
(2) Ipfe’ = a constant, here denoted by ap. 


‘When the machine is run as an induction motor with 


RrIX, AJA ` (73/5) -7 
El | Be Z le 


Fic. 1.—The equivalent circuit diagram of the induction 
1 


motor. 


short-circuited ‘secondary winding, E; becomes zero, 
and a third condition is introduced, viz. 
, , 
(3) Es = Iaf (refs) — ra}. 

This condition may be simplified into the statement 
that E» and I. : must be in phase with one another, 
since, if this is so, s will automatically set itself at such 
a value that the numerical relationships are correct. 

The locus diagram of a current vector that satisfies 
these three conditions is the locus diagram of the 
current taken by an induction motor. 


p 


Z, = 5+10) 
Z,710+57 
Y, =0:004 -0-02/ 


Axis of applied e.m.f. 


H 
0 cs 3 
Fic. 2. 


General relationships MONA Ons l and 2 only).—In 
Fig. 2 draw 
OK = I; Es (short-circuit current). 
OB =J; B (magnetizing current at short-circuit). 
OM = J; m (magnetizing current at no load). 


Join BK, MK, BM. 
Then BK = Ig (secondary current at short-circuit) 
MK = I, = Ig — Im 


On MK draw the triangle MDK similar to the triangle 
MBO. 


Since under any conditions J o = aye 
OM = a,(H, — 12) 
OB = aek = al ,Zy 
BM = OM — OB=a,(E, — IZ, — 15Za) 
But e = 
— (Iz + a e - Lgl = =0 
BM = nlt, 
OB/BM = IsZ,/I14, 
KD/DM = 15Z/1,Z, 
T herefore to some scale 


the value of az being as yet indeterminate. 


But E, = IyZ, + 1,2, + 152, 
BM DM 
OM ~ KM (similar triangles) 
BM OM Im Im%y 
DM KM 7, Ll Z, 
Since DM = agl,z A 


BM = a;l uZ: 
and BM + MD + DK =a,(Iy4Z, + 1,2, + IsZ,) 
or BK = aE, 
which may be written Is = aE}, which gives the value 


of the constant az. 
In words, this equation states that the line BK may be 


taken to represent Ei, in which case 

BM represents J MŽ; 

MD represents (I; g—i MZ, 
and DK represents I oZy 


both for magnitude and direction. 
Now consider any other point P and let 
I, = OP 
join MP. 


On MP draw a triangle MEP similar to triangle MDK, 
and join E to D. We have 


ME/MP = MD/MK 
Z. EMP = 2. DMK 


Adding the common Z PMD we have 
' L EMD = L PMK 


Therefore the triangles EMD, PMK are similar. 
On MB draw a triangle QMB similar to the o SS 
EMD and PMK. : 


It has been shown above that 


BK = a,By and “BM = = EFA 
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But since MD “MK” Ya —Íu 
ME = a(l — Iy)Z, 
Therefore BE = a,1,2, 
and EK = a,(By — 1,Z,) = age’ 
By construction OQ/OB = EK/DK 
That is Idln = ase’ laeh 
or | Iole’ = Iplex 


Therefore the second condition, that J ofe" is constant, 
has been met and the first condition is met if QP is put 
equal to 1. 


In the ies triangles MQB and MPK 
MQ/QB = MP/PK 


and / QMB = L PMK 

Add constant Z BMP 

Then MQ/MP = MB/MK 
and ZQMP = Z BMK 

Therefore the triangles QMP and BMK are similar 
and PQ/PM = KB/KM = Is/I;, = a, 


In other words, the secondary current always bears a 
constant relationship a, to the line MP 


and Iz = a, (1, — I) 


Further, EP:MP:QP = DK: MK: BK 


so that | Oe azl2Z, 
Therefore 
BP = 012, + (1 — Iu)Z, + 122,) 
and PK = az Ez 


= azl Iaf (r8) — ra} — Eyls) 


Summarizing these results we have:— 
For any point P, primary current OP, 


Ip = a4(I; zE Iu) 


where a, = Isf(I'g — Iu) 


E Iaf (refs) — roy — E,|s PK 


z = 
A E EE RE 


E, | E, BK 


These relationships remain true for any value of Bs, 
including zero, and are consequently true not only for 
the induction motor with short-circuited rotor but also 
universally for a polyphase induction machine and 


may therefore be used to determine Lo, Eo and Es in 
problems such as the following :— 


(2) Phase advancer or commutator motor in cascade 
with induction motor. 

(b) Induction regulator. 

(c) Motor side of motor convertor. 


Induction-motor diagram.—For the induction-motor 
diagram | l 


Ez =0 and He = I$ (rje) — ra) 
or Ee is in phase with Ip. 


(This construction also covers the case where Es is 
in phase with 7 $ as, for instance, when a non-inductive 
resistance is used to start the motor.) 

In the voltage diagram in Fig. 2, although BK repre- 


sents to scale E, the terminal e.m.f. it is displaced 


from the true position of Eh. 
If the point K be taken. as the zero, to correspond 


to the origin, so that KB corresponds to E; and KP 


to Hy, the lines KB and KP must be swung round in a 
clockwise direction through 180° — (dz — 0) to give 
their true phase relationship to the current lines. 


In order that QP( = 13) shall be in phase with Hy, it 


K 


LZ 


Fic. 3. 


is therefore necessary a a angle between QP and 
PK shall be 180° — (fx — 


or Z QPK = 180° — (bz — 0) 


L MPK = 180° — ($x — 0 + a). 
Therefore, since the points M and K are fixed, the 
point P must move on the circumference of a circle. 


To find the centre of the circle, F (in Fig. 3) represents 
the point P when in such a position that MF = MK. 


Then § LMFK = 180° — ($g — 0 + a) 


The angle at L, opposite F, in the quadrilateral inscribed 
in the circle is (180° — / MFK), that is 


ZMLK = ($x — 0 + a). 


ZMCK at the centre = 2(Hx — Ó + a) 
FCM (or GCM) = (dx — 0 + a) 
LGMC = 90° — (dz — 0 + a) 


e 
A 
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Z, = 5+107 
Z, =10 + 57 
Y, = 0-004 -0027 


Axis of applied e.m.f. 


ed 


B 2 


Fic. 4. 


OK = primary current at short-circuit. OP = primary current on load. 

OB = magnetizing current at short-circuit. QE = secondary equivalent current at load OP. 
BK = secondary equivalent current at short-circuit. | Q = magnetizing current at load OP, 

OM =. primary current at no load. ' 


Z, = 7:5 +757 
Z, = 1715+15 
Y, = 0-004-002/ 


Axis of applied e.m.f. 


Fic. 5. 


BK = secondary equivalent current at short-circuit. 


OK =s primary current at short-circuit. 
OB = ma ¿OM = primary current at no load. 


gnetizing current at short-circuit. 
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lines, since 
£MKJ = (fx — 9 — a) 
L HMK = 90° — ($g — 8 — a) 
Z HMC = ¿ HMK — Z GMC 
= {90 — (dz — 0 — a)} — {90 — (px — 0 + a), 


= 2a 


and the centre of the circle lies on a line MC making 
an angle of 2a with the horizontal. The circle may 
now be drawn (Fig. 4). 

Let any point P be drawn on the circle and a triangle 
PMO be drawn similar to the triangle KMB. Then, as 
has been shown, if 


OP = 1,, QP =I and OQ= Ib 
PK/BK = Ey E, 


where Ee is in phase with J A 
Let BK cut the circle in N. Then since Z QPM is 


constant (and equal to Z BKM) all lines such as QP, 
that is to say, all secondary current lines or such lines 
produced, cut the circle in the same point N. 

Similarly, since all angles such as NBM, NQM are 
equal, the points B, Q, M, N lie on a circle with centre Z, 
the triangle ZMB being similar to the triangle CMK, 
and the arc BQM being similar to the arc KPM. 

This circle, by definition, passes through N. 


Since Z.NKM =a 
L NCM = 2a 
but ZCMH = 2a 


therefore NC is parallel to MH, or the point N lies on 
the same horizontal line as C. 

Summarizing these results it is seen that, in addition 
to the relations given at the foot of the preceding 
section, the following conditions hold when E» is in 
phase with I5:— 

The locus of P is a circle the centre of which is on a 
line passing through M and inclined at an angle of 2a 
to the horizontal. 

The locus of Q is a circle which bears the same rela- 
tion to MB as the main circle does to MK. : 

All secondary-current lines pass through the same 
point N, which is the second point of intersection of the 
two circles and is on’ the same horizontal line as the 
centre of the larger circle. l 

Special case, Z,= Z,.—It has been shown that 
OB/BM = 15Z,/1,Z,. 

Where Z, = Z, this becomes 


OB/BM = 1s/1% 


but BK/MK = I'sfI;, 


therefore OB is to BK as BM is to MK, both for direc- ' 


tion and magnitude. 


In other words the triangles OBK and BMK are. 


similar. This enables the full diagram to be drawn 
from the two quantities OM and OK, OB being 


If JK and HM are respectively vertical and horizontal 


CARR: THE CIRCLE DIAGRAM OF THE INDUCTION MOTOR. 


determined geometrically. Since the two triangles 
mentioned are similar, 6 = a, and the length of BK is 
equal to the square root of the product of the lengths of 
OK and MK. 

This may be calculated arithmetically, or graphically 
by means of Euclid II, 14, or VI, 13,  : 

The effect on the diagram is to throw B much nearer 
to the line OM, as shown in Fig. 5. 

A well-known practical rule for finding the centre of 
the circle states that the centre of the circle lies ona 
horizontal line which bisects that portion of the ordinate 


Fic. 6. 


OK = primary current at short-circuit (as induction motor). 

OB = magnetizing current at short-circuit (as induction motor)- 

BK = secondary equivalent current at short-circuit (as induction motos). 
OM = primary current at no load (as induction motor). 

OP = primary current on load. 

QP = secondary equivalent current at load OP. 

OQ = magnetizing current at load OP. 

Ob = terminal e.m.f. 

Om = internale.m.f. (i.e. corresponding to air-gap flux) for current OM. 
Oe = internale.m.f. (i.e. corresponding to air-gap flux) for current OP. 
Op/Oe = ratio of flux in secondary core to flux in air-gap for current OP, 


through M which lies between M and the point where 
it cuts the line OK. 

This is seen to be exactly the case in Fig. 5. NC is 
the horizontal centre-line of the circle, and, since 


Z RCN = Á NCM, the arcs subtended by these angles 
are equal and so also are their sines. 

Practical considerations —The method of making 
practical use of this construction depends on whether the 
exact position of the point B may be easily obtained. 

Where the values of Z,, Z, and Y, have been calcu- 
lated as a preliminary to the problem concerned, the 
value of OB, as well as the values of OM and OK, may 


' be calculated symbolically and the correct construction 


used. 

In many problems, however, only OM and OK are 
known, being obtained either directly from tests or by 
simple methods of calculation from past results. 
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a a 


In this case sufficient data are not available to enable 
OB to be calculated. 

In the majority of cases, however, Z, and Z, are 
sufficiently near to each other in value to enable the 
construction in Fig. 5 to be used without serious error. 

More simply still, the point B may be assumed to be 
half-way along the line OM, which assumption gives, in 
the majority of cases, results within the limits of 
experimental accuracy. i 

In this case a, becomes equal to 


, , 4 , 
(ix — $1u)/(Zx — Im) 
a ratio which may, for practical calculations, be taken 


as representing the ratio of FANA — Im). For low 
values of short-circuit power factor a further simplifica- 
tion is possible, by using the arithmetical values of 
Ix and lu in the above equation instead of their vector 
values. 

Application of diagram to synchronous machines.—In 
Fig. 6 the chain diagram OBMK corresponds to OBMK 
in Figs. 2 and 4. 

Let OP represent some primary current, say, for 
example, the motoring leading current as shown in the 
figure. 

Then if the triangle PMQ be drawn similar to the 
triangle KMB, PQ equals the secondary current and 
OQ the magnetizing current at that load. 

Let Ob = E; and draw in the figure ‘‘ Ombp”’ similar 
to KMBP. 

On “mp” draw the triangle “ mep ” similar to the 
triangle MBO and join “ be.” 

Then, as has been proved, 


bm = — I'yZ, 
be = — 1,2, 


Oe = E —1,Z, =e’ 


OQ is the magnetizing current proportional to Oe. 
These relations represent the conditions when the 
machine is being excited by a phase-advancer. 

The equation of the e.m.f.’s in the secondary circuit is 


e' + Esfs = Izr, + jlox, + Ta{(ro/s) a ro} 


e = a ne eee 


To obtain the real values as measurable in the secondary 
circuit these figures must be multiplied by s, giving 


se’ + Es = Loros + 91 9798 + Lofr, — 128) 
When s = 0 this becomes 
Bs = lor, 


The frequency is zero, and the phase-advancer is 
delivering direct current, the values of the current in the 
three legs corresponding to some set of instantaneous 
values of a 3-phase current. 

The diagram will remain the same if the phase- 
advancer is replaced by a d.c. exciter, giving currents in 
the ratio 1, 4, 4, or 0-866, 0-866, 0, and is therefore 
fully applicable to the synchronous induction motor, or 
to any synchronous machine, provided that the usual 
assumptions are made with respect to constancy of 
leakage reactance and equivalence of concentrated and 
distributed ampere-turns. 

Examination of the diagram shows that if the core 
loss is faken to be zero the diagram is exactly the same 
as the Potier construction for the determination of the 
regulation or excitation of a synchronous machine. In 
other words, this diagram is the Potier diagram cor- 
rected so as to include for core loss. 

With leading motoring currents, or with generating 
currents, it will in general be found that Oe is greater 
than Ob, and that the effect of saturation, hitherto 
neglected, cannot in practice be ignored. 

Oe, representing e’, and being proportional to the air- 
gap flux, gives a measure by which the increased satura- 
tion can be determined, but for a more accurate evalua- 
tion the lines ““be” and “ep” may be split up into 
their resistance and reactance components, as indicated 
by dotted lines in Fig. 6. 

The fluxes in the various members are then‘ pro- 
portional to the following quantities :— 


Primary core e + jiis 
Air-gap .. a € | 
Secondary core .. e” — jot, 


Strictly speaking, however, modified values of x, and x, 
should be used in these formule so as to include only 
the core leakage and not the end-winding leakage. 
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By R. BorLASE MATTHEWS, Member. 


[Paper first received 19th May, 1926, and in final form 26th October, 1927; read before THE INSTITUTION 1st December, 1927, 
| and before the IRISH CENTRE (DUBLIN) 27th March, 1928.] 


SUMMARY. 


To solve the present farming crisis, agriculture will 
undoubtedly have to be industrialized by the aid of electric 
power. Considerable attention has been given to the 
applications of electricity in the farm buildings, but not so 
much to work on the land. Hence the subject of this paper, 
which covers the author’s own experimental work and the 
result of experience of observing electric ploughs in operation 
in other countries, over 200 of these machines being now 
in use abroad. An electric plough can be usefully operated 
for 200 days in the year. 

To obtain a concrete idea of the work to be accomplished, 
some notes are given concerning the objects of ploughing, 
the efficiency of the implements, the power required and 
the differing classes of soil to be dealt with. Methods of 
electrical distribution and tapping for the necessary current 
supply are described. They are quite simple in principle 
and reasonable in cost. The principal practical types of 
plough are then described. These include the large double- 
winder steel-rope machines, based upon 40 years’ experience 
of British steam-plough practice. (These, of course, are 
only suitable for large areas and co-operative or contractor 
owning, as they cover 12 to 30 acres per day.) Also there 
is the newer development of the small class of plough, 
suitable for the individual small farmer or market gardener. 
These are constructed on the revived roundabout system 
and also on the tractor system. The author’s idea of the best 
form ‘of this smaller type of plough is given. Rotary tillers 
are briefly described. The cost of electric ploughing is 
discussed. An interesting large-scale development of electric 
plough contracting under the auspices of electricity supply 
undertakings is mentioned. The paper concludes with a 
list of the advantages of electric ploughing and with a 
bibliography of the subject. 


THE REASONS FOR ELECTRIC PLOUGHING. 


Farming, in the course of history, has passed through 
a succession of severe crises, fortunately with sub- 
stantial intervals of prosperity. Each crisis has taken 
from a quarter to half a century to straighten out, and 
even then at the cost of a heavy loss of capital to only 
too many farmers. Unfortunately, one of these crises 
is in being at the moment. Every crisis in the past 
has had its remedy in the evolution of new ways of 
farming. Hence the. question arises as to what is 
going to be the solution of the present problem, for, if 
the nature of the change of farming practice can be 
intelligently anticipated, much time and money will 
be saved. l 

Based upon the experience of other branches of 
industry, undoubtedly what will happen to agriculture 
this time is that it will be industrialized’ by the aid of 
an ample supply of electric power and all the mechanical 
aids which the use of that power brings in its train. 


Obviously something of that kind must occur, for until 
an hour’s work of the farm labourer purchases as many 
necessities of life as does the effort of the town worker 
for the same period, agriculture will never be properly 
remunerative. 

For practical purposes, the electric power that could 
be used and is used -by a farmer may ‘be broadly 
classified as (a) that employed on and in the farm 
buildings, and (6) that utilized on the land for cultiva- 
tion and cropping. Since a great deal of work has been 
done in developing the former class—which, after all, 
has in it much akin to factory operations—it is proposed 
to deal in this paper rather with the second division. 
It should be very attractive to the electricity supply 
undertaking, for by far the greater part of the power 
(whether the source is animal or mechanical) employed 
by the farmer is on the land. This means that the 
units consumed per acre will be more than doubled, 
and those per route mile of distributor more than 
quadrupled. Now the most important implement at 
present employed in the mechanical treatment of the 
soilis the plough; hence the chief consideration must 
be given to this appliance. Over 200 of the electric 


type being now in use in Europe, experience is 


being rapidly gained and the larger types can be 
claimed to be commercially successful. In Great 
Britain there is only one plough in an operating con- 
dition, and that is on the author’s farm, The first 
British-built electric plough, made by E. O. Walker 
and Co. for Mr. Chorlton of Cotgrave, is now, it is 
understood, employed on timber haulage. Major A. 
McDowall’s first plough has been dismantled, though 
designs are nearly ready for another improved model. 
Based upon the design of the author’s plough, Mr. 
J. O. A. Fraser MacKenzie has recently constructed an 
electric plough in this country, but it has now been 
sent to his farm in Rhodesia. The leading British 
makers of steam and oil-engine ploughs have designs 
ready for electric ploughs. 

Electric ploughs can be usefully employed for 200 
days in the year. One of the chief criticisms that can 
at present be levelled against electric ploughing is that 
horses or bullocks have to be kept for the harvesting 
operations and, if this expensive livestock has to be 
maintained, it may as well be employed on ploughing 
also. No case has yet come to the notice of the author 
where the harvest is electrically gathered by utilizing 
a ploughing equipment (though a special electrically- 
operated harvesting machine exists on the author's 
farm). - However, it is quite feasible to do so, but 
certain minor alterations will have to be made to such 
implements as harvesting machines, so as to enable 
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them to operate in two directions instead of only one 
as at present. Of course there is no reason why 
electrically-operated equipment that is independent of 
the plough system should not be installed. The point 
is, that provision must be made for carrying out by elec- 
trical means the whole of the work required on a farm. 

An objection to electric ploughing that is often 
raised by the uninformed is the large amount of 
costly overhead distribution required on each farm. 
This is not the case, however, for on the smaller farms 
a single line laid through the centre of the arable land, 
or, in the case of a larger farm, two such lines set out 
along the two major axes of the ploughed fields, will 
reach every part in conjunction with a ¿j-mile reel 
of cable. 

It is often stated that English fields are too small 
for electric ploughing. This is true as concerns work 
done by large sets of over 80 h.p., but the roundabout 
or tractor types are quite suitable for small fields. In 
fact some electric ploughs are in ùse in vineyards in 
the South of France, which are of course a far worse 
proposition than the smallest of fields. The author’s 
experimental work has been in the direction of solving 
the problem of the small farmer of individualistic ideas, 
who is thus not inclined to co-operate in the use of 
larger sets. 

It must be borne in mind that if electric ploughing 
is adopted seriously it will bring about the necessity 
for a drastic revision of rural distribution networks; 
hence the subject also concerns engineers associated 
with that class of work. i 

Cultivation of the land.—It is at times difficult to 
differentiate between the operations usually called 
ploughing and cultivation, and the various implements 
employed therefor, though for economic reasons the 
same electrical equipment would probably be used for 
many of the required purposes, as well as for a number 
of other harvesting tasks. Hence, though this paper 
is entitled ‘‘ Electric Ploughing,” this is rather meant 
to cover the general subject-matter, as of course such 
machines as disc ploughs, rotary cultivators, or any 
other type of machine employed in dealing in some 
way with arable land, are intended to be included. 


So, though the word “ ploughing’’ is employed for. 
brevity, it must be taken to incorporate any agricultural 


implement used for a similar object. 

To obtain a thorough understanding of the problems 
which will have to be solved before electric ploughing 
will be adopted on a general scale, it is necessary to 
study the objects of ploughing and the various factors 
which affect the efficiency of the present-day plough. 

Objects of ploughing.—These are :— 


(1) To loosen and break up the surface soil so as to 
provide, after further treatment with other 
implements, a good seed bed. 

(2) To eradicate weeds and stubble by turning them 
under the surface, where they will decompose 
and fertilize the soil for the new crop. 

(3) To allow aeration and proper drainage of the soil. 

(4) To facilitate bacterial action. 

(5) To take advantage of the action of frost in pro- 
ducing a good tilth. 
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EFFICIENCY OF PLOUGHS. 


- The efficiency of the present-day plough is very low. 
Unfortunately, there is little scientific knowledge avail- 
able, and no mathematical investigation has been made 
as to the precise mechanical effect of the implements 
of tillage or what is needed to produce the best results. 
For instance, there are in England alone several hundred 
different designs of ploughs, all of which cannot be 
necessary and very few of which are suitable for hauling 
at a speed greater than that of horses. Ransome demon- 
strated many years ago that a true helical surface was 
unsatisfactory, but no one has carried the matter to 
the extent that has been accomplished with, say, air- 
screws. The efficiency of the latter, due to intelligent 
mathematical research and wind-tunnel tests, increased 
from 20 per cent to 82:5 per cent during the War. It 
is only during the past few years that agricultural 


engineers have seriously taken up the question of 


ploughing at higher speeds. 


PowER REQUIRED FOR PLOUGHING. 
As so many factors have to be considered when 


- attempting to determine the power required for plough- 


ing, it is somewhat difficult to obtain a satisfactory 


formula. However, the following affords as good a 
- basis as any other :— 
Horse-power = a 
power = 376 


' where r = soil resistance in lb. per sq. in., 


w = total width in inches of all furrows ploughed 
at once, | 

d = depth of furrows in inches, and 

v = speed of travel in miles per hour. 


Similarly, if r is given in kg per dm?, w and d in cm, 
and v in km per hour, 
rwdv 


27 000 


The quantity rwd is the draught of the plough, and 
at steady speeds it equals the pull exerted at the draw- 


Metric horse-power = 


_bar of the tractor of the haulage rope. 


As so many factors enter into the draught, an addi- 


tional constant or constants should be placed in front 


` of r to allow for this. 


These factors can be summarized 
as follows :— 


(a) Type and condition of soil. 

(b) Design of plough. 

(c) Adjustment and angle of hitch of plough. 

(d) Use of coulter.* 

(e) Employment of subsoilerj and depth of furrow.} 
(f) Width of individual share furrows. 

(g) Increase in speed of travel. 

(h) Artificial means of reducing draught. 

(7) Presence of stones in surface soil. 

(k) Slope of ground. 


* A coulter is employed for making a vertical surface-cut in the land to 
facilitate the action of the plough, which follows it, in cleanly separating the 
furrow slice from the unploughed land. It is made in two forms: (1) a fixed, 
nearly vertical knife; and (2) a rolling, circular disc with a knife edge—this 
latter is the more modern form. Either type is supported on the plough 
frame just in front of the ploughshare. 

.t The subsoiler is used for breaking up and moving the under soil beneath 
the ploughshare, without bringing it to the surface. 

1 A furrow is the part of the land turned over by each ploughshare to form 
a furrow slice, 
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(a) The soil resistance varies according to the type 
and condition of the soil. It is measured in lb. per sq. in. 
of furrow cross-section. The resistance of any one field 
cannot be assumed to be uniform. In fact, recent 
experiments at Rothamsted show that in one field the 
soil resistance varied over a range of 40 per cent. 
Table 1 shows the general values of resistance of 
different soils, 


TABLE 1. 
Values of Sotl Resistance. 


Soil Resistance Authority * 
Ib. per sq. in. | kg per dm? 

Sandy ; os 3 21 K 
Sandy loam, moist T 3-4 21-28 K 
“ Light ” soil .. hd 4 28 B 
Sandy amn. dry 4—6 28-42 K 
Sandy clay loam, moist 5-6 35-42 K 
' Light ” soil .. 5: 1-5-7 | 36-40 R 
Bean and flax stubble 

(light dry soil) .. | 5°1-6-5 | 36-46 S 
Stubble (medium dry soil) 5:8-7:2 | 41-51 S 
Sandy clay loam, dry .. 6-7 42-49 K 
Clay loam, moist s 6-7 42—49 K 
Clay loam, dry .. és 7-8 49-56 K 
“* Argileux ”’ i 7-7-8:0 | 54-56 M 
Clover lea (ary soil), 

medium ; 7-9 55 S 
“ Medium ” soil 8 56 B 
“ Heavy ” soil : 7:-8-8-5 | 55-60 R 
Grass (medium dry soil) 8:6 61 S 
Heath land ; 5 8-8 62 R 
Heavy clay, dry si 9-10 63-70 K 
Heavy clay sod . 10-11 70-77 K 
Grass (heavy dry soil) . 11-2 79 S 
Cloverlea (heavy dry soil) 12-2 86 S 
Heavy loam (firm state) 12 84 B 
4-year lucerne .. 12-4 87 R 
Virgin prairie (clay, moist) 12-13 85-92 K 
“ Argilo-silicieux ” (dry) [12-2-16-1| 86-113 O 
Virgin prairie (clay, a 14-15 99-106 K 
Clay (firm state) 16 113 R 
Gumbo, moist ; 16-18 | 113-127 K 
Gumbo, dry 16-20 | 113-141 K 
Adobe, dry 20-25 | 141-176 K 


(b) The type of plough used also affects the resistance. 

(c) Different methods of adjustment and hitching of 
the same plough also cause the resistance to vary. 
The angle of hitch is most important. When the hitch 
is not correct vertically, either the share digs into the 
ground too deeply or does not penetrate at all. Different 
methods of hitching for three-furrowed ploughs have 
shown an increase of 34 per cent in draùght. The 
sharpness of the ploughshare must also be considered. 
It was shown by Prof. Sanborn that a re-pointed and 
re-sharpened share t showed 7 per cent less draught 
than a dull one, while a new one reduced the draught 
by 36 per cent over the re-sharpened one. 


* K = Kranicu: “Farm Equipment,” 1923; R = RINGELMANN; 
B = Bonp: “ Farm gs eben are? O =: Ondes trials, France, 1921; 
M = Montpelier trials, France, 1 S = Shrewsbury trials, 1921. 

t A share is the actual cutting Thi of the plough. 


' (d) Where tractor mechanical ploughing is done, a 
rolling coulter is alinost invariably used, as it reduces 
the soil resistance and cuts a clean furrow which can 
be easily turned by the mouldboard.* 

(e) The use of a subsoiler causes a large increase in 
draught, as the hard pan produced by previous ploughing 
is broken up. Keen and Haines at Rothamsted found 
that the draught was directly proportional to the depth, 
within a range of 44 to 6 in. Below 6 in. the draught 
increased much more rapidly owing to the variations 
of the soil composition. 

(f) The draught is proportional to the width of the 
furrow. Prof. Sanborn, in the United States, found 
that with a given plough the draught was less when 
the plough was cutting the widest furrow. 

(g) Results of experiments carried out by Keen and 
Haines at Rothamsted show that the speed of ploughing 
could be considerably increased without proportionately 
increasing the draught. It was found that an increase 
of speed of from 1 to 24 m.p.h., or 150 per cent, increased 
the draught by 14-5 percent. Some modification in the 
design of the plough will, however, be needed before any 
appreciable change can be made in the matter of speed. 

(h) By chalking the land it was found, at Rothamsted, 
that in heavy clay the draught can be reduced by 
15 per cent. A more recent method is one due to the 
work of Crowther and Haines at Rothamsted, who 
carried out a great deal of laboratory work and after- 
wards full-scale experiments on the author’s farm at 
East Grinstead, on an electrical method of reducing the 
friction at the mouldboard of the plough. It was 
known that the soil colloids were electro-negative; by 
inserting a negatively charged plate in the soil the 
water was therefore made to pass through the colloid 
and became deposited on the plate. By keeping the 
coulter positively charged and the ploughshare nega- 
tively charged the latter becomes coated with a film 
of water and, as a film of water is an almost perfect 
lubricant, the resistance of the soil is considerably 
lowered. 


ELECTRICAL DISTRIBUTION. 


The supply is almost invariably given by the following 
method :— 
H.T. line along road or field 


| 
H.T. line tapping 
(permanent or temporary) 


Portable transformer cabin 


Flexible cable 
direct to haulage 


Flying line (1.t.) 


L.T. line tapping, or 
junction box 
Motors 
Flexible cable 
to haulage 


Motors 


* The mouldboard is the breast of the plough, which is attached immediately 
rand ae share, and is so formed that it turns over the furrow slice raised 
y the latter. 


l 
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‘the poles without using insulators. 
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For the supply of electricity through rural areas, 
the usual type of overhead 3-phase transmission 
lines is almost invariably used. The only special 
feature introduced for field work is the method of 
connecting the high-tension lines to the portable trans- 
former wagons. For temporary tappings it is often 
customary to do this by means of special hooks having 
insulated handles and cables connected to the trans- 
former cabin. A better way, however, is by means of 
permanent foolproof pole contacts,* of which special 
types already exist both for pressures up to 3 000 volts 
and also for those up to 10000 volts. These are very 
easily operated from the ground by a long rod, and 
remove any possibility of wear and damage to the 
main transmission line. 

Portable transformers. — Portable .transformers are 
essential in those cases where the working points are 
situated at some distance from the low-tension dis- 
tribution systems but within easy reach of the high- 
tension distribution. One of the main advantages 
of using a portable transformer is that it can be dis- 
connected when not in use and thus enable the trans- 
former losses to be avoided. A portable transformer 
is also employed where an existing local one is of 
insufficient capacity. In passing, it might be mentioned 


that some of the large central stations on the Continent . 


are providing portable transformers on hire to many 
of the farmers. ) 

Flying line.—The use of a flying line is often adopted 
when the plough haulage set is more than ¿ mile from 
the point of tapping. It consists of a temporary or 
permanent overhead line constructed at a minimum of 
cost. In some parts of France, when the pressure does 
not exceed 600 volts the wires are attached direct to 
1t is found that the 
leakage is not enough to prove serious when the lines 
are in use for short periods only. It must, of course, 
be remembered that the lines are not alive on wet 
days, as in any event it would be impossible to work 
the land in wet weather. In other parts of the Continent 
permanent poles with insulators are installed and the 
wire is temporarily slung on these when required. For 
large areas that can be permanently equipped for 
ploughing and are intersected by a high-tension line, 
pole lines are often arranged parallel to one another 
and about 600 to 900 yards apart, fitted with tapping 
points at about every 200 yards. When this is done 
it is possible to deal with 150 to 200 acres per mile 
of line. 

A novel method has been tried in Italy, where a 
3-phase overhead trolley line is so arranged that a 
small self-contained electric motor-driven triple-pole- 
contact traveller can run on it. To this self-propelled 
traveller is attached one end of a flexible cable, the 
other end of which is connected to the drum on an 
electric tractor. The drum is so arranged that it can 
Swivel around on the tractor to maintain alignment; 
a self-winding mechanism, driven by a small motor, is 
fitted on the tractor, so that the cable is paid out- or 
taken in as the tractor moves away from or towards 
the trolley line, while the traveller carries the contacts. 
of the feeding end of the trailing cable on the overhead 

* See Journal I.E.E., 1926, vol. 64, p. 805, Fig. 4. 


line, along the field, as required. The cable is about 


' 650 yards long and, since the lines of furrows are at- 


right angles to the trolley line, the total furrow length 
may be as much as 1 100 yards. | 
A somewhat similar method, without the electric 


motor drive, has also been employed for the trolley 


feed-wires of electrically operated excavator cranes 
employed by contractors on large engineering works, 
such as the Shannon power scheme. 

Flexible cables.—The method of dealing with flexible 
cables is one of the most important matters in the 
case of electric tractor ploughs. The aim is to ensure 
that the insulated cable is not dragged all over the 
surface of the ground, but is simply laid down and 
picked up again. 


ELECTRIC MOTORS. 


These should be of a rugged, enclosed, ventilated 
type, provided with slip-rings. Their stators should 
preferably be fitted with star-delta switches, so that 
they may be operated at the best power factor. In 
practice these switches may well be marked “light 
load ’’ for the star position and “* heavy load ” for the 
delta position. The switchgear must be of substantial 
construction so as to withstand the fairly rough 
treatment that it will receive. On the larger ploughing 
sets, the employment of a master controller or remote 


` controller might well be considered, so as more effec- 


tively to deal mechanically with the circuits to be 
made or broken and also to reduce the work on the 
part of the driver, so that he may be able to devote 
practically all his attention to the plough. Water 
starting-resistances have been used, but they are 
unsuitable on a machine which often has to travel 
over very rough ground. Further, it is not a very 
convenient matter to make up the loss by evaporation 
on a machine which is generally in use at a considerable 
distance from a supply of water. 

All the switchgear covers should be interlocked, so 
that they cannot be opened for inspection or repair . 
unless the current supply is entirely cut off from the 
haulage gear. | l 

The great difficulty in designing electric ploughs is 
that which is inherent in most drives, viz. that of 
reducing the comparatively high speed of the motor 
to the very low one required for hauling the plough. 
The motor speeds usually adopted are about 950 r.p.m. 
One manufacturer, in order to reduce weight, size of 


trailing cable, etc., employs a voltage. of 5000 on the 


haulage gear. 

A difference of opinion has arisen as regards the use 
of circuit breakers. If provided with a suitable time- 
lag, however, they are to be preferred. 


ELECTRIC PLOUGHS IN USE To-DAY. 


The electric ploughs in use to-day in different parts 
of the world can be classified into two main groups :— 


(1) Large ploughs for contractors or co-operative 
ownership. | 

(2) Small ploughs for individual farmers and market 
gardeners. 
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Wire-rope haulage ploughs. 

(a) With two haulage sets ——The wire-rope types of 
ploughs are usually too large and costly and, further, 
do too much work for a single farmer, and therefore 
are only suitable for the combined use of a number of 
farmers in a district or by a contractor. The chief 
advantages of the wire-rope haulage over the tractor 
type are that the haulage gear does not pass over the 
soil, and as the plough used is of the anti-balance type 
there is no time wasted in travelling over the headlands 


for turning purposes. Their general design is based on 


over 40 years of British steam-plough experience, 
hence only the electrical features are really new. The 
N°! N22 


haulage set hauiage, set 
lren! 


Double-balance 
plough 


| 


Trailing cable 
Trailing cable 


Trailing cable 


Portable 
transformer 


Fic, 1.——Double-rope. system, with two single-drum winders, 
one progressing up each side of the field. 


majority of these ploughs are capable of working over. 


vast areas; in fact the limiting factor in furrow length 
is usually the difficulty of signalling. In practice the 
length rarely exceeds 440 yards. The disadvantage of 
the very large types is their great weight, which is 
sometimes over 14 tons for each winder. Large head- 
lands are also required, and for this reason the large 
types are usually employed for ploughing large areas 
of comparatively poor land. 

A plough of this type is manufactured in Germany, 
and is to be seen In use in many parts of that country 
and particularly in Russia. As shown in Fig. l, a 
portable electric motor haulage is placed at each end 
of the feld, and each of the haulages has a steel rope 
drum (generally placed on its side under the chassis) 
driven by counter shafting from the electric motor. 


The steel rope is wound and unwound over a rope 
sheath and connects one winder to the other. It is 
wound to and fro in such a manner that it unwinds 
from one winch and is wound up on the other, and 
vice versa. The average speed of the steel cable is- 
1-66 yards per second, though it can be reduced to. 
1-1 yards per second. Under normal conditions the 
distance between the two haulages is about 300 to 
400 yards. 

The haulages follow the work of ploughing by pro- 
ceeding forward from time to time, bringing the steel 
rope in line on the next set of furrows. The advance. 
movement is made after each haulage, and the distance 
advanced is equal to twice the width of the set of 
furrows ploughed at each haul. This advance motion 
is made by clutching the winding motor into the gears 
of the travelling wheels of the haulage wagon. Thus 
the haulage moves by its own power. As steel cables 
have a tendency to untwist themselves owing to 
rough and jerky surfaces, shackles have been interposed 
between the plough and the cable in order to com- 
pensate for this untwisting action. 

The drive of the gear is carried out by means of 
an enclosed 750-volt, 50-cycle, 80-h.p., 3-phase motor 
running at 975 r.p.m. The motor is operated by a 
control switch for complete reversal, with a built-in 
stator switch. The resistances, which consist of cast- 
iron grids mounted in a stationary iron fence, are 
arranged separately and are provided with rainproof 
covering. 

When this plough was first manufactured, no-volt and 
overload relays were incorporated for the protection of 
the motors. However, these have not proved satis- 
factory on account of their sensitiveness to vibrations, 
which are unavoidable in the operation of ploughing, - 
and they have therefore been abandoned. With this 
equipment it is possible to plough 35 acres with a 
furrow depth of 94 in. to 12 in. per day. It is claimed 
that the power consumption per acre on heavy clay 
soil of average moisture is about 15 kWh, while the 
speed of ploughing is about 3$ m.p.h. 

In Italy, a new ploughing set of this type, which 
approximates to the British steam system, has recently 
been put into use. It consists of two electric haulages 
weighing about 55 cwt. each, both of which are equipped 
with an electric motor of 36 h.p. The motor is mounted 
on the front of the chassis, and its speed of 800 r.p.m. 
is so reduced by a double set of gearing that the winding 
drums can pay out at as low a speed as 30r.p.m. When 
the one motor is hauling the plough, the other is running 
idle and paying out the cable. 

Recent tests with this equipment have proved very 
satisfactory. It is capable of hauling a four-furrow 
balance plough at a rate of 24 m.p.h. at an approximate 
depth of 104 in. At this rate it ploughed 8 acres in a 
10-hour day at a cost of ls. per acre for power and 
lubricating oil. This plough can be operated by three 
men, one on each haulage and one on the plough. 

Another important example of this class of plough is 
that made in France. This type of equipment has now 
been in regular use for a number of years. Several 
different sizes af haulages are manufactured, ranging 
from 80 to 150 h.p. An auxiliary petrol engine of 


. 


50 h.p. is fitted to each haulage to enable the outfit to 


move from field to field and from farm to farm. The 
petrol engine can also be coupled to the ploughing 
cable drum and in this way can be used to carry on 
the ploughing should the current fail. Many of the 
other sets have to be moved about by animals or other 
external means, so that this feature of equipping the 


set with a petrol engine is an interesting one, but of. 


course it adds greatly to the cost and the weight. 
(b) With one haulage. set.—Fig. 2 shows a single- 


winder drum system which is intended to reduce the 


costs of the double-winder system. It differs from the 
double winding systems merely in the fact that an 


Anchored 
wagon_ 


“+ ——ERl— 


pj — 


Haulage set 


Portable 
transformer 


Fic. 2.—Modified double-rope system, with one progressing | 
double-drum winder and a progressing anchor carriage ' 


at the other side of the field. 


anchor wagon with wide cutting flanges on the wheels . 


takes the place of the second winding wagon. 


A plough of this type is made in Italy. The apparatus | 


consists of a winding wagon with two drums mounted 
on the one carriage which traverses one of the headlands 
of the field, and an anchor wagon with return pulley 
which runs over the opposite headland. The ropes 
from the two drums on the winder drive the balance 
plough, the one direct and the other passing through 
the groove of the return pulley. Working on one or 
the other of the two drums, the plough moves from 
one headland to the other, while both the haulage and 
the anchor wagon advance alternately by a space equal 
to twice the total width of the furrows ploughed. 
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The anchor wagon is usually loaded with a con- 
siderable weight of ballast. One end of a special steel 
cable, about 150 to 200 yards long, is attached to the 
wagon, while the other end is fixed in the ground in a 
direction at right angles to the furrows. The object 
of this cable is to cause the wagon to move forward 
by double the total working width of the plough during 
the time the plough is being drawn towards the haulage 
wagon. The distance the wagon is to move forward 
is adjusted beforehand. The output of these ploughs 
depends entirely on the size of the motor. With the 
most common types it is possible to plough from 13 to 
18 acres per day, with a depth of furrow of from 6 to 


14 in. Sets of this type are also manufactured in 


Germany. | 

The advantages of the single-winder system are that 
the first cost and current consumption are lower, 
whilst cable and labour are saved due to the fact that 
only one side of the field has to be fed. On the other 
hand, the double winder is preferable when the land 
is too loose or too hard for an anchor wagon to get a 
satisfactory hold and the amount of work to be done 
is very large. Further, the introduction of the addi- 
tional winding drum on the single-haulage system 
increases the weight of the haulage on the one headland, 
so that for an equal working weight of the winding 
wagon the capacity of the double winder is greater than 
that of the single winder. Again, more labour is 
involved in the preliminary setting of the equipment 
to work. 


Ploughs for individual farmers. 


Roundabout system (a) with two fixed pulleys and two 
progressing pulley wagons.—Fig. 3 shows the round- 
about method of ploughing, which is quite suitable for 
the average farmer or group of two or three farmers. 
It is a revival, coupled, of course, with modern improve- 
ments, of the early English steam system, long since 
superseded. The equipment comprises a haulage wagon 
on which is mounted an electric motor of from 20 to 
30 h.p., and two haulage drums either of which can 
be driven by the motor, i.e. it is similar to, but of 
lighter construction than, a colliery main-and-tail haulage 
gear. The haulage rope is arranged around the field 
by the aid of suitable pulleys. At the two corners 
nearest to the haulage wagon, anchored angle pulleys 
are provided. At the other two corners, between 
which the plough is to operate, pulleys are mounted 
upon wagons, from each of which an anchor rope is 
taken to the end of the field. These anchor ropes are 
alternately slackened out to permit the wagon which 
is not in operation to advance a distance equivalent to 


twice the width of the set of furrows when the haulage 


rope is pulled. Thus the wagons gradually approach 
the haulage set as ploughing proceeds. About 40 acres 
can be ploughed without moving the haulage set. 
This type of equipment is to be found in use on a 
number of French farms. Its popularity is due to the 
comparative lightness of the tackle and the fact that, 
as the haulage wagon is stationary, it can often be 
placed near the transmission lines and also near the 
entrance to a field. The method of anchoring has 


| greatly improved during recent years. The anchorages 
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generally used to-day are based on the action of the 
stockless anchor of the modern steamer, but the equiva-' 
lent part to the flukes is separate and consists of pointed ; 
angle-irons. These are driven into the gound separately 
through a special frame which acts as a stock (see 
Fig. 5). To remove the anchor, a trip is knocked out 
on the stock, a strain is then put on the rope by the 
haulage gear and the anchor opens out, when it is” 
easily pulled out of the ground. | 

(b) Simplified roundabout system.—Fig. 4 shows a 
simplified form of this system using motors not exceeding ' 
25 h.p. Two simple pulleys are substituted for the 
anchor wagons, and the anchorage is obtained by: 
attaching chains to pieces of wood, which are buried ; 


Anchor _ Anchor 
NL NN/ 
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o 


Anchored Anchored 


Y) pulley 
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Y i transformer 
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Fic. 3.—Roundabout or anchor pulley-rope system, with ' 


one stationary double-drum winder and anchorages at 


the corners of the field, two holding fixed pulleys and . 


two holding progressing pulley wagons. 


horizontally about 30 in. deep in the ground (Fig. 6). 
When fields are ploughed every year these anchorages . 


can be left in the ground, thus saving a considerable 
amount of labour. It is a plough of this type that is 
in-use on the author’s farm. A 12 to 25 h.p. motor 
is used to operate the drums on the haulage wagon, 
which draw a double-furrow anti-balance plough to and 
fro across the field. The two pulleys between which the 
plough is worked are moved twice the width of the fur- 


rows ploughed, each time the plough traverses to and fro . 


across the field. The average work carried’ out with 


when 10 in. deep. 
included in the haulage rope, a push-button operated 


this plough on the author’s farm is about 5 acres per 
day, while the current consumption is about 15 kWh 
on heavy land with furrows 6 in. deep, and 25 kWh 
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Fic. 4.—Modified roundabout system with movable clamps 
holding fixed pulleys on an auxiliary steel anchoring 
cable instead of pulley wagons. 


If an insulated copper core were 


Fic. 5.—Anchorage used on the roundabout or anchor 
pulley-rope system. 


by the man on the plough would control contactors to 
operate the electrical gear, thus dispensing with the 
labour. of one man. 


— 
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Small ploughs for vineyards and market gardens.— 
There are a few small electric ploughs of the rope- 
haulage type designed particularly for market gardens 
and vineyards. In one type, marketed in France, the 
motor and driving equipment are mounted on a two- 
wheel truck. The driving pulley, which is driven from 
the motor, is geared to a drum from which the wheels 
are propelled by a chain drive. The supply cable is 
_ carried on a small drum placed over the motor and is 


Fic. 6.—Method of obtaining anchorages by attaching 
chains to pieces of wood buried horizontally in the 
ground. 


wound by a small hand-winch. This plough is capable 
of covering an acre in 7 hours when using a single 
11-in. plough. By using a double plough making two 
furrows 7 in. deep and 2 ft. wide, an acre can be ploughed 
in 4 hours. These machines are equipped with motors 
of from 10 to 15 h.p. 

- A number of ingenious devices have been attached to 
some of these smaller ploughs when intended for use 


4% 


Dal 


Fic. 7.—Electric tractor plough (note overhead system of ` 


pulleys to prevent cable from twisting). 


‘in vineyards or orchards. 


the roots from damage. 

A number of other designs of ploughs have been 
tried but are not described in this paper, as at the 
moment they do not appear.to have a practical applica- 
tion. They include: Accumulator ploughs (too heavy 
for the land); electric tractors hauling on a chain; 


On one a guide is provided | 
which, when it comes into contact with any vine stems ' 
‘or fruit trees, diverts the ploughshare, thus protecting | 


electric tractors fed by suspended, bare 3-phase overhead : 


conductors ; 
portable overhead feed wires, etc. 


trolley systems with stationary or semi- . 


Tractor ploughs.—Fig. 7 shows an electric tractor 
plough designed by N. Forssblad in Sweden. The 
tractor has ordinary straked wheels and the plough is 
either carried on the frame of the tractor or attached 
behind. 

The main 3-phase driving motor of 24 h.p., with 
controller, oil switch and overload device, is mounted 
on the tractor. An additional small motor operates 
the cable drum through a friction drive. This motor 
is provided with a special hysteresis control rheostat. 
When the tractor moves away from the source of supply 
the cable is drawn out against the friction drive, and 
when the tractor returns the cable is slackened. The 
motor comes into operation and winds up the cable to 


Electric tractor plough - 
<— — 


Portable 
transformer 


Fic. 8.—Diagrammatic representation of the principles of 
operation of the McDowall plough. 


a predetermined tension, when the resistance to the 
motor drive is renewed. The operation is automatic 
owing to the hysteresis control. The cable is kept clear 
of the tractor for a distance of about 40 ft. A derrick 
mast about 15 ft. high is fitted on the tractor and 
carries on the top a pulley fixed to an arm which can 
turn about the mast. This pulley receives the cable, 
and a second pulley guides it on to the drum. Between 
these pulleys two more with vertical spindles are placed, 
and the cable passes between them. This arrangement 
of the spindles avoids any danger of damage to the 
cable as long as the tractor turns in the same direction 
at the headlands. If this were not done, the cable 
would twist a half-turn between the mast and the cable 
drum at each end of the field and would be destroyed 
in a very short time. 

Fig. 8 shows diagrammatically the principle of opera- 
tion of the tractor plough recently developed in Scotland 
by Major A. McDowall. The important feature of this 
plough is the method adopted for avoiding the dragging 
of the electric cable on the ground. This is done by 
means of a portable cable trolley which is placed at 
right angles to the furrows and half-way across the 
field. The cable from the feeding point is run on to a 
drum on this trolley. The tractor itself carries a Cable 
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drum on which the cable is coiled. and uncoiled and 


laid on the ground as the machine moves up and down 


the field. Each time the tractor passes the cable 
trolley a bow-shaped projection on the former pushes 
on to a horizontal wheel of the latter, and the trolley 
moves back a distance equal to the width of the furrows 
ploughed at each journey. 

The slack in the cable between the feeding point and 
the cable wagon is wound up at the same time as the 
trolley moves back, by means of a belt drive from one 


of the trolley wheels on to the cable drum. The tractor 


is driven by a. 20-h.p., 400-volt, 3-phase motor, and 
the greater part of the weight is taken by a single 
full-creeper track which runs on the unploughed part 
of the land traversed by the tractor. By the use of 
the creeper track the pressure per square foot on the 
land is reduced to a very low figure, thus avoiding the 
packing of the land and the formation of a hard pan 
underneath. 

The tractor is of the reversible type which travels 
to and fro without turning at the headlands. It is 
provided with a side-stepping device, so that when the 
end of the furrow is reached it is possible to move over 
to the new furrow without over-stepping any of the 
work already done. . 

An ideal plough for the individual farmer.—With the 
different methods of ploughing the question as to 


which is the most suitable equipment for use under 


certain conditions often arises. For large contractors 
working over large areas the double-winder rope system 
with a petrol engine for field-to-field transport, as already 
described, will be found the most satisfactory. How- 
ever, for the smaller farm of, say, 150 to 250 acres and 
upwards, the best method would probably be an electric 
tractor with half-creeper track, and flexible cable raised 
above the ground with automatic winding and an 


automatic feeder cable on the McDowall system. The . 


equipment should be so designed as to be controlled by 
one man. The reason that a tractor is recommended 
is that it saves one man’s labour and also avoids the 
preliminary work entailed in fixing the anchorages on 
the roundabout system. A trailer storage battery 
would serve for moving the equipment from field to 
field and would also enable the tractor to be used for 
other purposes when not in use on the land or within 
reach of overhead lines. The use of a creeper track 
would obviate any serious compression of the soil due 
to the weight of the tractor. The creeper track should 
be of reinforced rubber, or rubber-tyred wheels run on 
a metal track. The front wheels of such a tractor 
should be fitted with pneumatic tyres. The main 
motor would have to be of about 25 h.p. A flexible 
cable should be fitted to feed the tractor when within 
reach of a supply line. A mast fitted on the tractor 
-would support the cable so that it hangs free in the air 
for a distance of 30 to 40 yards. A cable drum holding 
440 to 550 yards would be required to be mounted 
on the tractor. The introduction of an additional 
winding motor. of about 2 h.p., with an automatic 
hysteresis control, would add greatly to the life of the 
cable. An alternative would be to support the cable in 
the air by means of a balloon, as is done in Italy. 

The tractor should have a plough mounted at both 


ends, and so obviate the necessity of turning at the end 
of each set of furrows. The method adopted for winding 
and unwinding the cable on the Forssblad plough is by 
far the most satisfactory. A tractor of this type would 
plough from 40 to 60 acres from a single contact in 
the middle of the field. Such a tractor could, of course, 
also be used for such work as cultivating, harrowing, 
rolling, seed drilling, harvesting, etc. 


ROTARY TILLERS. 


A paper dealing with the mechanical cultivation of 
the soil would not be complete without some reference 
to rotary. tillers. The principle on which the rotary 
tiller works is of course quite different from that of 
the plough, but then the plough is only a means to an 
end, the end being the production of a seed bed with 
the soil aerated and finely divided to a sufficient depth. 

The effect of the rotary tiller is to produce the seed 
bed in one operation, instead of the usual successive 
stages of ploughing, harrowing and rolling. There are 
a number of agriculturists who believe that the rotary 
cultivator will in time largely supersede the plough, 
just as the milling machine has to a very considerable 
degree superseded the planing and shaping machines in 
engineering shops. 

The rotary tilling machines now in use are of a self- 
contained type, comprising a cultivating unit and a 
power unit. The cultivating unit or miller consists of 
an axle on which are mounted sleeves for carrying the 
tines. The axle is driven direct from the motor, and 
the tines rotate in the same direction as the machine. 
As the tines grip the soil, a portion of the power 
transmitted to them is actually used to propel the 
machine. The miller always works in a self-made 
trench, and the tines, in cutting the ground on the 
forward or land side of the trench in a downward 
direction, attack the soil along the line of least resistance 
and throw up the pulverized soil mixed and broken up 
on the opposite side of the trench. 

4 


Fic. 9.—Rotary tiller. 


The soil, thus worked, is not compressed at the 
bottom, whereas in ploughing there is always a certain 
amount of compression, since the plough, being of wedge 
shape, must first compress its way into the soil to 
obtain the leverage necessary to turn over the large 
slices of earth. 

There are three sizes of machines in extensive use at 
the present time, viz. 4 h.p., 10 h.p., and 30 h.p. The 


4-h.p, machine is suitable for work in market gardens, 


vineyards, etc. This type of machine can be seen in 
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use in Switzerland for mountain-side cultivation, as it 
can work on a slope of 1 in 5 without difficulty. 

Electric power is supplied to the motor through a 
flexible cable. From the machine the cable runs through 
a pulley at the top of a mast fixed at the side of the 
field. It then hangs in a loop, the end of the loop 
passing to the mains being fixed to the top of the mast. 
In the loop a pulley carrying a weight is hung, so that, 
as the rotary tiller moves about, the cable is auto- 
matically paid out and drawn back at constant tension, 
thus preventing it from being accidentally run over. 

The 10 h.p. size is capable of dealing with an area 
of from 0-2 to 0-5 acre per hour, at a depth of from 
4 to 10 inches, at a normal speed of travel of 14 m.p.h. 

The 30 h.p. size, designed for work on the larger 
farms, can deal with 0-5 to 1-5 acres per hour, working 
to a depth of 14 inches. 

These machines are provided with three different 
types of tines, (1) the normal miller type for carrying 
out the ordinary work, (2) the anti-choke tine .with 
straight shaft and cutting edge for dealing with abnor- 
mally weedy ground, and (3) scuffling tines for cleaning 


TABLE 2, 


Cost per Acre of: Electric Ploughing. Ordinary Soil 
from 6 to 8 in. deep. 


Modified Anchor 
eS ade pulley 
with wo bas haulage without Tractor 
haulages | and anchor pulley 
wagon wagons 
s. d. s. d. s. d. s. d. 
Depreciation 0 84| O 8 0 6 0 6 
Interest.. pi 0 8 0 7 0 5 0 5 
Cable ... a 0 8 0 6 0° 3 0 5. 
‘Repairs 0 8 0 7 0 3 0 5 
Labour .. ...| 1 8 1 5 3 0 1 4 
Electric power 


© at ld. perunit| 1 3 1 6 1 8 2 0 


weeds from the surface of the land and disturbing the 
top soil. 

An English: petrol-driven rotary tiller of 80 h.p., 
designed by Major Foote, has recently been placed on 
the market ; while the first Story rotary plough is nearing 
completion. This machine is provided with two huge 
vertical rotary parts, the tines of which are as big as 
the ploughshares of a steam plough. It is hauled by 
a half-creeper tractor at a speed of 4 m.p.h. It’ is 
anticipated that this low speed will overcome many of 
the difficulties that arise in operating creeper tracks. 

- One of the criticisms levelled at this type of machine 
is that the fine tilth produced by it is undesirable in 
- over-wintering cultivation, as the heavy rains will cause 
the land to become puddled and result in bad percolation 
of water and equally bad aeration. It is, however, 


doubtful whether there is any justification for this — 


complaint, for it must be remembered that the revolving 


tines of these machines leave a jagged bottom as com- 
pared with the smooth bottom left by the plough, and 
water is likely to pass more speedily through a rough 
than a smooth bottom. Then again, with the plough 


- three of the four sides of the furrow slices are smoothed 


off, a fact which does not improve the aeration of the 
slices. As a matter of fact, by the use of suitable tines 
almost any form of tilth that may be desired can b 
obtained. i 


Cost OF ELECTRIC .PLOUGHING. 


The cost of electric ploughing depends so much upon 
special circumstances in each area that it is impossible 
to give any exact figures. However, Table 2 has been 
calculated on the figures given by manufacturers for 
the output of some of the machines described in this 
paper. The working period has been taken as 200 days. 
This may seem rather a long period to the layman, but 
it has been found in practice to be very near the mark, 
as of course it includes scuffling, cultivating and other 
processes. The interest is taken at 6 per cent, and the 
depreciation is spread over a period of 15 years. An 
allowance has been made for the replacement of the 
electric cable every 2 years. 

To these figures must be added overhead expenses, 
etc., but even when 150 per cent is allowed for all other 
charges the cost will be found to compare favourably 
with the charges made for all other forms of ploughing. 

The following British contract prices are taken from 
the report of the I.E.E. Electricity in Agriculture 
Committee * (of which the author was a member). 


Steam ploughing 15s. to 25s. per acre, about 6 in. 


deep. 


Tractor ploughing 17s. 6d. to 30s. per acre, accord- 
ing to depth and nature of 
soil. 

Horse plovghing 20s. to 35s. per acre. 


AN ELECTRIC PLOUGHING UNDERTAKING. 


A very interesting development in the practical 
application of electric ploughing is the action of the 
electricity supply undertakings who are distributing 
current in the agricultural area some 30 miles around 
Paris. They have formed a separate company which 
has acquired the business of the existing electric plough- 
ing co-operative societies and has also purchased further 
electric ploughs. They have established a number of 
operating centres, complete with housing for-their men, 
and garages and repair shops for the electric ploughs. 
With these facilities they are catering for the farmer’s 
requirements in this large area in an organized and 
businesslike manner that should serve as an example 
for the rest of the world. The close association of the 
electric plough contractor and the electricity supply 
undertaking naturally facilitates the necessary arrange- 
ments in connection with the running of new lines and 
also facilitates the development programmes of both 
parties. An interesting recent development is the 
equipment of some of the ploughing sets with electric 
lamps for signalling, etc., so now work is carried on at 


* Journal I.E.E., 1925, vol. 63, p. 840. 
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night. Once the ploughing season starts, there are no 
stops for Sundays or holidays. 


ADVANTAGES OF ELECTRIC PLOUGHING. 


The advantages of electric ploughing may be sum- ` 


marized thus :— 

(1) Practically unlimited power is available behind 
the plough. Thus any obstruction within the capacity 
of the plough can be broken up, and, what is more 
important, the speed of ploughing is more constant, 
resulting in better work and more acres ploughed per 
working day. 

Again, very deep ploughing becomes possible, such 
as 18 in. (46 cm) with 6 in. (15 cm) subsoiling. This is 
very important, particularly for sugar-beet growing. 

(2) The cost per acre for electric power is ousicerahy 
lower than for any fuel. 

(3) Saving 1 in labour. The work of transporting fuel 
and water is entirely eliminated. 

(4) Increase in acreage available for producing 
marketable crops. Prof. Fletcher of the University of 
California has calculated that, on an average, 24 per cent 
oí the wheat, 67 per cent of the oats, and 44 per cent of 
the hay produced on a farm are used for feeding the 
working animals. If electric power is used, all this 
produce is available for sale. 

(5) Advantage can be taken of favourable weather 
to get the whole area ploughed quickly. It is possible 
to carry out ploughing in weather when horses could 
not go on the land at all. 

(6) Great regularity in the ploughing, giving a flat 
surface on which water will distribute itself evenly. 

(7) The electric motor drive is simple as compared 
with that of the steam or oil tractor plough. 

(8) In the case of cable systems the haulages do not 
traverse the main portion of the land ploughed, which 
remains light and aerated. 

(9) It is possible to operate electric haulage wagons 
on sloping ground, where steam haulages could not 
be used. 


(10) Electric ploughing is of great importance in the | 


development of the rural distribution system and 
should therefore be encouraged by all engineers inter- 
ested in rural electrification. It provides, if combined 
with scuffling and thrashing, a steady load throughout 
the autumn, winter and early spring. While the power 
necessary is large in many cases, it is averaged over a 
district and forms a welcome addition to the load of 
the electricity supply undertaking. The total amount 
averages two or three times that obtained from other 
sources, so that it is the mainstay of profitable rural 
electric supply. 


CONCLUSION, 


A sufficient record of experimental and practical data 
has been given in this paper to demonstrate that the 
electric ploughing problem in Great Britain is well 
worthy of very careful consideration. When established 
it will be of great value to the electrical industry 
generally, to the manufacturer, the electricity supply 
undertaking, the contractor and last, but not least, the 
farmer. Through the latter the prosperity of the nation 


is affected. While there is room for improvement in 
the designs of all existing electric ploughs, it must be 
borne in mind that many types are at present in 
successful commercial work-a-day operation, so it is 
rather refinement and evolution that is required, coupled 
with the provision of an adequate distribution system 
to supply the large amount of electric power required. 
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DISCUSSION BEFORE THE INSTITUTION, 1ST DECEMBER, 1927. 


Mr. LI. B. Atkinson: Five years ago the author 
brought, for the first time, before the Institution and 
its members as a whole all the various applications 
which might be made of electricity to agricultural 
work. The'number of questions raised made it impos- 
sible to discuss many of them in detail, and he merely 
gave us a picture of what it was worth while for engi- 
neers to devote their attention to, some in one direction 
and some in another. Since then a great deal has been 
done in definite directions in connection with the 
application of electricity to rural industries and to 
farms; but for the most part, in this country—and it 
is also true of .other countries—the work has been 
more or less in the direction of small power consumption, 
a very great convenience to the farmer but not a very 
great temptation to supply undertakings to spread 
themselves over the rural areas. We have to realize, 
as we did earlier on and do now more clearly, that this 
question of electric ploughing and electric cultivation, 
which takes up nearly all the power used on a farm, is 
the vital pivot on which the supply of electricity in 
rural areas is going to turn. Therefore it is well that 
the author should now have brought that question so 
prominently before us. While the problem is being 
gradually solved and cleared up in connection with 


electric distribution to farms, the position as regards 


farming generally in this country has become far from 
clear and, in fact, was never more obscure than at the 
present moment. ¿Everyone who has any knowledge of 
the position realizes the cause. The expenditure on 
labour and on nearly every other thing which the 
farmer buys is about 75 per cent above the 1914 level. 
Everything which the farmer sells in the country to-day 
is only about 24 per cent above the level of 1914. 
That reversal in the relative cost of what he has to pay 
for his labour and has to buy and of what he receives 
for his produce has, since about 1920, brought the 
position of agriculture in this country (except in certain 
selected areas) to one approaching bankruptcy. There 
never has been a season (I am speaking generally of the 
South-East of England) when so large a number of 
notices have been handed in to land-owners by their 
tenants terminating their tenancies. On some estates 
75 per cent of the tenant farmers have tendered notices 
to terminate the holdings of their farms next Michael- 
mas. In other words, the land in many parts of the 
South of England is by way of becoming absolutely 
derelict for want of somebody to work it, owing to the 
fact that it is financially impossible to do so. We have 
to seek solutions of this state of affairs. Those who 
are more competent than I to put forward such solu- 
tions, offer two. One is the abandonment of the 
present system of tenant-farming; that is to say, 
farmers renting farms of from 200 to 300 acres are to 
be replaced by small-holders who are to own, if possible, 
the land and work very long hours with only their 
own families, and accept, in; exchange for economic 
independence, a very low standard of living. That is 
one solution, and a possible solution, of keeping the 
land under any kind of cultivation whatever, but it is 


not one which appeals to me. 1 do not like to think 
that the only way of keeping the pleasant lands of 
England under cultivation is to say that a certain 
class are voluntarily to make themselves, I might almost 
say, into slaves in exchange for what some of them 
value very much, namely, economic independence. 
What is the other alternative? We see it already in 
operation on a considerable scale in parts of Oxford- 
shire and Wiltshire, where the land is suitable for the 
purpose. Whole villages are falling derelict; schools 
are closing and cottages are tumbling down, and farm . 
buildings are being deliberately removed from the land 
in order to make room for great open fields òf the 
prairie type, on which very large ploughing, cultivating 
and other machinery can be employed. This means 
that the population on the land will be reduced to one- 
fifth or one-sixth of what it is now. That is another 
possible solution. To my mind this solution is prob- 
ably, on the whole, the more practicable. It has the 
unsatisfactory feature that people are not going to live 
on the land in any great numbers, but those who do 
live there will be very highly skilled engineers and 
mechanics, and not unskilled labourers. They will all 
of them be young, and physically fit to move big weights 
and couplings such as those illustrated on the author’s 
cinematograph film. Thousands of acres in Oxfordshire 
and Wiltshire are being turned into open prairie fields 
with very little labour on them, but with a lot of 
machinery. Those fields may well be adapted for 
electric ploughing, and will certainly be remunerative 
districts for power companies to supply. The author 
has only shown us one escape from the use of these 
very big plants, i.e. the cultivating machines of the 
rotary-tiller type. The use of these, however, is again 
limited to quite a narrow range of soils and seasons. 
Nearly all the lands which the author has shown on the 


film are being worked dry, and apparently are of a 


fairly light nature; but the rotary tiller cannot be 
worked in heavy loams or clay soils, particularly when 
wet—and a very large part of England is composed - 
of such soils. Consequently I do not think that in 
England there is a great opening for that type of 
machine. The deeper soils, where deep cultivation is 
useful, are nearly all heavy. The lighter soils, such as 
those in Kent, do not permit of very deep cultivation. 
It is impossible to discuss the paper in any great detail. 
As the author himself has said, it is a record of what 
has been done up to date—a record of what has been 
achieved, what has been gradually weeded out as use- 
less, and what is coming to the front as useful. Some 
valuable figures are given as to the haulage required for 
different types of machinery. The fact that electric 
power provides us with such a simple measuring instru- 
ment as the ammeter will lead to a rapid growth of 
knowledge. Many of our industries have, by studying 
the ammeter, learnt more as to the power they require 
than they have learnt previously in half a century by 
any other method. We shall learn the right shape of 
the ploughshares, their right widths and depths, and 
so on, by studying the matter with that knowledge, 
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which will come as rapidly as it has done in many 
other industries. On page 1190, in item (4), the author 
sums up the advantages of electric ploughing and 
electrical cultivation generally, and says: 
Fletcher has calculated that, on an average, 24 per 
cent of the wheat, 67 per cent of the oats, and 44 per 
cent of the hay produced on a farm are used for feeding 
the working animals.” The fact that we shall be able 
to release that enormous consumption by substituting 
electric power derived from cheap coal, or water power 


-as in France, and put it on to the market instead, will, 


‘large sums of money to provide plant. 


in itself, cause a revolution in the whole process of 
farming. 7 


Mr. W. Fennell: I represent, to some extent, the 


engineer who is endeavouring to get electric lines into 
the country. It is obvious that when the author and 
others have produced an electric plough which will give 


satisfaction, it will be of the utmost importance that . 


power should be available on the spot. The farmer, 
as we know him at present in this country, is to a 
great extent a tenant-farmer and is unable to put out 
He will probably 
want to hire the electric plough. I believe that if 
electric ploughing operations can be brought to a state 
of reasonable efficiency, many of the supply under- 
takings will be willing to arrange for the hire of 
electrical apparatus for this purpose. In order to 
encourage supply undertakings to run mains into the 
country two things are required—the wish to use the 
supply, and the facilities to get it there. The wish, I 
feel sure, will follow when the author and others can 
show the farmer that he can prevent this great self- 
consumption of his products. The facilities to get 


electricity into the country are about to be conceded 


‘assist in this electrification of the countryside. 


to us as a result of pressure upon those in authority to 
There 
are, at the present time, strong movements in various 


«directions for the relaxation of the regulations relating 


to overhead lines, especially in country places, in order 
to allow the cost of lines to be brought down to a 
reasonable figure. Speaking broadly, we must be able 
to run a three-phase high-pressure line into the country 


at not more than £200 a mile, and a single-phase line - 


at not more than £150 a mile, before we can hope to 
Teach these consumers to any appreciable extent. Very 
little, if any, genuine rural electrical development is 
being carried on in this country. Various people, 


-amongst them engineers, speak about their rural sup- 
. plies, but these will often be found to be systems for 


‘the supply of country mansions, 


Incidentally, villages 
on the route will be supplied, but at the present moment 


-we have generally to receive guarantees from large 
“users and owners before we can venture very far from 


‘10 miles from the point of origin—the original step- 


our more important lines. I have lines going 9 or 


down transformer’ from our main system—but those 
lines would not have been constructed under the present 


‘regulations unless we had received guarantees from 


rich people living in large houses. 
rural electrification. 


That is not truly 
To get this it is necessary to 


alter, not merely the low-pressure regulations, as has 


pressure regulations. 


been proposed by the I.E.E. Conference, but the high- 
With regard to the paper, from 


“ Prof. 


` plant. 


“use since 1914 in this country. 


if not worn out in that time. 


«Operations. 
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my own experience on the land a great deal of this 
subject is bound up with the question of roads and 
drainage. On heavy lands the existing conditions as 
to roads and farms are very bad indeed. Drainage will: 
have to be undertaken before heavy traffic can be run 
on the land. f 
Mr. B. M. Jenkin : My remarks will be made from 
the point of view of one of those small farmers whom 


the author is anxious to get to take a sympathetic 
view of electricity on the land. 


It seems to me that 
all the electric ploughing exhibited on the film is only 
electric in so far as the source of power is electricity’; 
the actual method of ploughing is the same as that which 
has been followed for many years by means of steam 
The smaller type of ploughing plant mentioned 
in the paper, namely the tractor, is in direct competition 
with the oil-engine-driven tractors which have been in 
I have been farming 
for only 14 years, but I have tried three different forms 
of oil-driven tractors in that time. Fifteen years is 
too long for the life of a tractor, as it will be superseded 
As between the electric 
tractor and the oil tractor, the primary question, I 
understand from the paper, is one of cost, if one leaves 
out of account the question of the relative convenience, 
into which there is not time to go. In this country a 
small farmer cannot hope to use a tractor for ploughing 
on 200 days out of the year. Last month in my district 
there were only 7 days in which it was possible to 
use a tractor. The life-and days used at once affect 
the standing charges given in the paper and make 
the cost per acre rather different. There are con- 
tractors who are doing oil-engine tractor ploughing 
with 5-furrow ploughs at 15s. per acre, and in special 


cases of large fields and so on they do it at 10s. per 


acre. We all know that the best way to cultivate the 
soil is to dig it, as we do in gardens. That was the 
first method. Then came ploughing. Man thought of 
the happy device of pulling a bit of wood along behind 
him. Then he utilized the ox and the horse. To-day 
we are using essentially the same sort of plough as. 
was used in the very earliest days, except that the 
tractor now takes the place of the horse in hauling the 
plough. I would suggest that that is not the right 
way in which to use power for cultivating the land. 
Consider for a moment what the land is like. Imagine 
that one has a lump of putty in one’s hand, and that 
one squeezes that lump of putty. The fingers squeeze 
in one side and the thumb squeezes in the other. That 
is what happens to the land when a tractor is used to 
haul the plough. The thumb is the plough and the 
fingers are the wheels of the tractor. The tractor wheels 
squeeze the land backwards and the tractor pulls the 
plough into the lump of land. All the squeezing which 
is done by the tractor wheels is absolutely waste power 
and actually harmful to the soil, as it compresses it in 
an undesirable way and interferes with subsequent 
The hauling of a plough by a cable is 
equivalent to putting one’s fingers outside a jam-pot in 
which the lump of putty is. One squeezes a thumb 
into the putty but the fingers do not go in. In other 
words, the Jand is not being compressed by the hauling 


gear and therefore the power is not being wasted. 
| 
| 
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That is the essential difference. The rotary tiller is the 
next improvement. 
directly to the axle carrying the tines and at the same 
time is helping to move the machine along the ground. 
If we can get rid of the idea of using a tractor in place 
of horses to pull a plough and devise a method by 
which we can apply all our power to cultivating the 
soil, then I think we shall really have made a big 
advance. I would suggest that, instead of spending 
time in devising electric tractors to compete with oil 
tractors (which I do not think they ever can do, because 
of the sheer inconvenience of the overhead wire), we 
should devote that time to devising a rotating digging 
machine in which the whole of the power is employed 
in thrusting forks into the soil and turning it up and 
over. 
. Prof. C. L. Fortescue : When the figures given in 
Table 2 are compared with the costs of ploughing by 
horse or tractor, itis astonishing to find that there is such 
a large difference. Even if 100 per cent extra is allowed 
for overhead charges, the cost of electric ploughing is 
less than one-half of that of the other methods. This 
suggests that there must be some difference in the 
basis on which the costs have been worked out. It is 
very doubtful whether the author's figure of 200 working 
days per annum is a fair basis, when it is remembered 
that in this country the soil during the spring and 
winter is only quite occasionally in a fit condition for 
ploughing. It seems likely that 30 days per annum 
would be a better basis of comparison; the more so, 
as the great advantage of mechanical tillage, namely the 
fact that it can be worked day and night, if necessary, 
when the conditions are suitable, itself militates against 
the use of the plant on a large number of days per year. 
A further difficulty arises in this country from the fact 
that the majority of farms are divided up into a large 
number of small fields, arable and grass land inter- 
mixed. This seriously militates against the economic 
lay-out of the supply lines and it seems unlikely that 
any effective development of the use of electricity for 
ploughing purposes will take place in this country until 
the present subdivision into small fields owned by 
different persons is considerably modified. i 
Mr. H. Hodgson : The firm with which I am con- 


nected, Messrs. John Fowler and Co., have given this: 
question of electric ploughing very careful considera- 


tion during the last few years, and in connection with 


the research carried out I had the opportunity of 


visiting electric ploughing tackles working on the 
Continent. The problem of electric ploughing can be 
divided into two parts: (1) getting the power to the 
work, and (2) applying the power. Agricultural engi- 
neers are only intimately concerned with the second 
part of the problem, but it is the first part—the distri- 
bution of the power—which is the confusing factor, 
because in every case different conditions apply. This 
is a matter for elucidation by electrical engineers and 
we feel sure that it would be of great assistance to 
manufacturers and possible users if some reliable 
figures could be published of the cost of bringing the 
power to the work under various circumstances. 
Another point on which information is desirable is the 
most economic voltage at which such plants should 


The motive power is connected. 
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work. It is obviously wasteful to distribute the power 
at a low voltage, but on the other hand I think most 
people will agree that the pressure of 5000 volts, 
which has been used in France, is definitely dangerous 
on a machine which has to stay out in all weathers : 
and be handled by semi-skilled labour. As a matter of 
fact we have heard that one or two men have been: 
killed while working on the ploughing tackles in France 
which operate at this voltage. Again, this voltage 
does not appear to be the most economical for trailing 
cables. The lines on which my firm have been working: 
are in the development of double-engine electrical 
tackle similar to the type first described in this paper.: 
We are now in a position to manufacture these, but. 


_ there seems to be no demand in this country as the 


spread of electrical power into rural districts has not 
yet been sufficiently developed, and there is some 
question whether at present power prices it would 
show any economy over the other forms of power. 
The author has compared electrical power with animal 
power, but I think the direct comparison should be: 
made with the various forms of mechanical power 
which are available—steam and motor power—for 
cable ploughing tackles and motor tractors for direct 
haulage. It is in the double-engine cable method of 
electric ploughing that we are particularly interested 
and of which I should like to give some particulars. 
The author mentioned some alternative methods of 
cable ploughing—the single winch and anchor system,’ 
and the roundabout system. These systems were tried: 
out very fully in the early days of steam ploughing and 
were discarded because they were definitely inferior to 
the double-engine system. There is only one single- 
engine steam system which is used at all at the present 
day and that is one in which the implement works in 
one direction only, viz. when being pulled towards the 
engine. It is drawn back without working by a light 
tail rope passing round the anchor. The main diffi- 
culties which led to the supercession of single-engine 
steam tackles were three :— | 

(1) The difficulty of driving.—It was extremely hard. 
work to keep up a good head of steam and at the same 
time keep the implement moving, and it needed an 
exceptionally good driver to maintain the output at a . 
uniformly good level. It must be remembered that in 
all cases when using expensive plant of this kind the 
maintenance of a good output is all-important if 
economical results are to be obtained. This difficulty: - 


. does not arise in an electrical plant. 


(2) The difficulty of designing a good anchor.—In 
many cases in the early plants the anchors required’ 
the services of a boy to look after them and were still 
liable to pull in towards the ploughed land under load.: 
The author tells us that recent developments have: 
improved the design of these anchors and 1 should be 
extremely interested to hear of the improvements. 

(3) The difficulty of setting the plant to work.—This: 
was the real reason why the old single-engine steam 
tackles were superseded by the double-engine system. 
English fields are small and, if it takes half a day or 
more to set out the single-engine plant ready for work, 
a double-engine set which sets itself to work automatic- 
ally can have the whole field finished before the other 
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has made a start. . So far as I can see, exactly the same 
difficulty will be experienced with single-winch electrical 
tackles, and it is for this reason mainly that my firm 
have confined their investigations to the double system 
of working. 


As regards costs, I do not think that the figures ' 


given by the author are really on a level basis for com- 
parison. He has given us a schedule of costs for 
electrical plant taken from manufacturers” estimates, 
which 1 feel sure are based on exceptionally favourable 
conditions, and he leaves us to compare these costs 
with average contract prices in this country. No 
allowance is made in these figures for wet weather, 
moving from field to field, and all the other stoppages 
and unexpected hindrances which inevitably occur in 
agricultural work. There is, for instance, the figure of 
35 acres per day given by the makers of an 80-h.p. set 
working in Russia. I take it that the motors would be 
capable of some considerable overload, but even on 
that basis an output of 35 acres would hardly be possible 
even by working from daylight to dark on a summer's 
day; an average figure over a season's work would 
probably be between 15 and 20 acres and it is this 
lower figure on which any calculations of cost should 
be based. The energy given per acre also seems much 
too low. 1 should prefer to make the comparison 
between electrical and steam and motor tackles on the 
following basis. The labour requirements of any of 
' the three systems are very much the same. The extra 
cost involved in carting fuel and (for the steam engines) 
water can be included as an additional charge in the 
cost of fuel. The capital outlay for sets of equal power 
also appears to be very much the same, as the electric 
motor is cheaper than the internal-combustion engine 
or steam engine that it replaces, but, on the other hand, 
the flexible cables and their winding gear add con- 
siderably to the cost of the electrical plant. In addition, 
there is the cost of permanent overhead wiring, which 
should be considered as part of the plant and may be 
. a considerable item on a large farm, and would, on the 
average, be equivalent to 4d. per unit. Leaving, then, 
the above items out of account, there remains the cost 
of fuel which has to be set agaimst the cost of electric 
power. The amount of coal in steam tackle, or petrol 
or Diesel oil in a motor tackle, which is consumed per 
acre of ploughing, is well known. Working back from 
this through the known efficiencies of motor and steam 
engines, I get a figure for the actual amount of energy 
required to plough an acre, relative to the fuel required 
for the same work on the other methods. Whether 
the cost per acre for electric power is cheaper than that 
of fuel used in steam or internal-combustion engines, 
entirely depends upon the price paid for the unit of 
electricity. Relative costs for equal work on a 100-h.p. 
basis are given below :— 

(4) Relative to steam engines.—For heavy land at a 
depth of 6 to 8 in. the power consumption will be :— 

With electric power, about 22 kWh per acre. 

With saturated steam, about 100 lb. of coal per acre. 
Electric power eliminates the carting of water and coal, 
the cost of which may be taken as ls. per acre for 
water and, say, 5s. per ton for coal. Allowing for all 
the factors making up the daily expense sheet, equal 


working expenses are obtained with coal at 30s. per ton 
and where ld. per unit is charged for electricity. 

(B) Relative to internal-combustion engines.—The 
petrol consumption under equal conditions will be 
2} gallons per acre; Diesel oil, 14 gallons per acre. 
Electric ploughing at ld. per unit is equivalent to 
petrol at 10d. per gallon and crude oil (Diesel engine) 
at Is. 3d. per gallon. For these fuels the cost of 
delivery is probably not more than $d. per gallon. 
Allowing for all the factors making up the daily expense 
sheet, equal working expenses will be obtained with 
petrol at about 5d. per gallon and Diesel oil at 6d. 
per gallon, without allowance for subsidiary overhead 
wiring, and where ld. per unit is charged for electricity. 

The most serious aspect of electric ploughing is the 
relatively high cost of the power supply. It has been 
pointed out, for example, that power at ld. per unit, 
petrol at 5d. per gallon and coal at 30s. per ton, give 
approximately equal daily expenses for the same size of 
tackle. If a unit can be obtained at less than ld., 
no other source of power can equal electricity for 
cheapness in running, but an increase to, say, 2d. will 
(for the size considered and without overhead wiring 
costs being taken into consideration) give equal working 
costs as follows : Petrol and Diesel oil at least 3 times 
the price, and coal from 24 to 3 times the price. In 
countries such as Italy, as mentioned by the author, 
where, the cost of electrical power is much less than in 


- this country, there is a distinct field for it, but unless 


the price of power can be considerably reduced in this 
country I am doubtful whether it will be possible to 
employ it to any great extent on a commercial basis. 
As regards item (1) in the section entitled “ Advantages 
of Electric Ploughing,”” on page 1190, the limit of power 


which any outfit can provide is, of course, controlled 


by the strength of the mechanical transmission of the 
implement. Deep ploughing is possible under any 
cable system of ploughing, whether it be steam, internal- 
combustion or electric. In regard to item (3), the 
reduction in costs due to saving in labour is not peculiar 
to electric ploughing. This applies to internal-com- 
bustion engine cable work, whether the engine is of the 
petrol or Diesel type. The remarks under items (4), 
(5), (6) and (8) are equally applicable to any system of 
cable ploughing. As regards item (9), steam cable 
engines are all fairly heavy as a rule, but no difficulty 
is experienced in working steam or internal-combustion 
engines on sloping ground. I should be greatly obliged 
if the author would give more detailed information 
about the design and working of the hysteresis control 
used in the tractor. 

Major A. McDowall: The author estimates the 
cost of electrical energy at ld. per unit, whereas in a 
previous paper he put the figure at 24d. The former 
figure would be quite satisfactory from the farmer’s 


point of view and would compare favourably with the 


costs of his present prime movers. In these hard 
times the Government put forward agricultural research 
as a practical cure, but the research seemed mostly to 
follow the lines of plant breeding and animal diseases— 
things which will not help us at all in our lifetime. It 
is perfectly certain that arable farming in this country 
is in a bad way, and it is strange that it is profitable 
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in Canada as we grow much better crops than they do. 
By research in plant breeding the Dominions will 
benefit much more than this country, because as an 


old agricultural country we are nearing our zenith in 


production, whereas in our young Dominions there is 
vast room for improvement. The Canadian is beating 
us at our own game and in our own market, and I can 
only explain the position by urging that the Canadian 
has already the cheapest of cheap power at his com- 
mand. His power is animal draught, but the horses 
are very cheap and practically breed without attention, 


_ also their food is the light or damaged grain of the farm, 


often worthless in the market. Clearly his power is 
cheap and his capital and depreciation costs very low, 
and as the ploughman is asked to ride on his implement 
and to drive teams of from 6 to 20 animals, he has 
equipment and power for a good output and can well 
eam his 20s. or 25s. per day. The British ploughman, 
on the other hand, is asked to trudge behind a single- 
furrow plough as his grandfather did before him, and, 
as rural education is now very good and the mental 
ability of the ploughman has been developed, perhaps 
at the expense of his muscles, he is bored. and dis- 
contented and thinks himself worthy of a higher 
job. The solution lies with the electrical engineer. 
If the present type of ploughman had a machine which 
required his intelligent manipulation he would feel 
much more content and comfortable doing his job; 
he would feel that it was more fitted to his mental 
ability, and his output would allow him to earn a 
respectable wage—a goal he can never reach with a 
pair of horses. The author has shown us large wire- 
winding sets of ploughing tackle at work; in my 
opinion as a practical agriculturist these sets will not 
find general approval with the British farmer. The 
cumbrous wire-winder is merely an electric winch instead 
of a steam winch, and as the electric motor is not 
burdened with the immense weight essential in a steam 
engine there is no reason why electric power should 
not take the form of a light, cheap and handy machine 
such as is required to manceuvre in our enclosed 
fields. As the author remarks, the wire-winder is 
most suitable for the ploughing contractor, but in 
Scotland this typé has practically died out. The 
farmer requires power all the year round and the small 
machine is far and away the most suitable. In the 
paper the author gives me considerable credit for the 
pioneer work I have done in developing the direct haulage 
machine, and I can assure members that there is now 
no difficulty in feeding or manceuvring this type even in 
very small fields. The light tractor will be useful 
among drilled crops such as potatoes, turnips and beet, 
and thus will find a load running well into the summer 


by doing the work of the horses which have been dis- ' 


placed. The wire-winder will be an idle machine after 
the early spring cultivation and thus a great loss to 
the power companies and also to the farmer, who has a 
great deal of work to do and who presumably, having 
reduced. the number of his horses, will not have the 
essential equipment to keep him in pace with his work. 
It is my experience in dairying and other branches of 
farming that if the employee has a direct interest 
financially in his work, immensely improved results 


are obtained. The electrical tractor would be a model 
machine for this style of work. The machine would 
be reliable, its speed for shallow or deep ploughing 
would be the same, and the operator would not there- 
fore be tempted to race his machine and skim the sur- 
face. Accordingly it would be a simple matter to 
arrange a ploughing wage per acre and perhaps an 
increased wage for night work when (power being 
cheaper) a higher wage could be given and the work 
kept up to date. Considering all these reasons I am 
firmly convinced that electrical tillage will be the 
solution of our arable farming difficulties, and that the 
arable load will solve the economic problems which at 
present face the rural power line engineer. 

Major T. Rich : Eighteen months ago I saw some- 
thing very similar to the tractors which the author has 
shown at work on the plateau between the Loire and 
the Seine in France, and I was impressed by the fact 
that when a transformer portable cabin is used a very. 


light line is run out from it to some convenient point. 


On the side of the cabin there are hooks for carrying 
quite light poles, and a line is erected in an afternoon. 
I disagree with Mr. Atkinson on one matter. I do not 
think it is correct to say that the men who do this 
work are mechanics. There are, of course, one or two 


‘highly skilled men, but the rest of them might be 


termed intelligent labourers. The way a great deal of 
this work has been carried out in France is by means of 
Government loans for agricultural development through 
agricultural co-operative societies. By a roundabout legal 
method the agricultural societies assign the product of 


' these loans, in the case of the Department of the 


Oise, to an organization run by the electric power 
company, which in turn contracts for the work. Another 
point of interest is that in the greater part of the 
devastated area, and in most new parts of France 
which are being electrified, 15 000 volts is the standard 
pressure, because the cost of the line and apparatus is 
very little more than for 3 000 or 4000 volts—and a 
great many village-to-village transmission and distri- 
bution lines can be run where required at this voltage, 
with very simple, inexpensive apparatus. Theoretical 
political progress is often the exact opposite of real 
progress. In the days of Queen Elizabeth, when 
people were exceedingly reactionary, and again a 
century ago, a good deal of land enclosure was actually 
done to increase the quantity of food supply per acre 
in times of national danger. Quite recently, in 
Rumania, where the land has been cut up into small 
holdings, there is but little corn available for export, 
whereas there used to be ship after ship going up the 
Danube to be loaded with corn from Rumania. That 
is simply the result of giving way to popular clamour. . 
Now people with small holdings are being asked to 
co-operate. If they do so they will lose part of their 
individuality, which is the theoretical talisman of the 
small-holder. I do not think this country has the 
monopoly of bad weather. When I visited France and 
saw the ploughing in progress they had had a number 
of weeks of exceedingly bad weather, and were getting 
over the difficulty by working at times right through 
the night with the aid of acetylene searchlights. The 
author exhibited a map of France showing the different 
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percentage electrification of communes in various parts 
of the country. Last year we were given to understand 
that many of these wonders in the farming world in 
France, and in many other countries, were due to the 
existence of super-stations, super-grids and national 
control of current supply, but these things existed 
largely in the imagination of various people who sup- 
ported the legislation pending, because, if we take 
France, where are the super-stations ? There are two. 
Where is the national control? It has been talked 
about. Where is the super-grid ? There is one steam 
super-grid in the north around Lille, and I was told by 
someone in high authority that it had not yet begun 
to show a profit. The rural development in France is 
based upon the fact that lines can be put up at a 
reasonable capital cost, and that the Government is 
willing to assist in the way of grants in aid or loans to 
scattered communes or groups of communes. ' 

Mr. J. T. Irwin : Mr, Atkinson said that there were 
two alternatives before the English farmer. One was 
to cut up the farms into small holdings, and the other 
was to make them larger and work them by the 
methods suggested by the author. 1 think there is a 
third alternative, and that is to keep them the size 
they are at present and work them better. Even in 


these depressing times, in the same area there are 


farmers who are farming well and making money and 
_others who are losing money. I am inclined to think 
that the solution of the present difficulties must be in 
raising more and better produce from the same area. It 
will be a gradual process, becausé very many farms 
have been allowed to go out of condition, and they 
cannot be put into good condition for some years. I 
agree with Mr. Jenkin that the type of plough used 
must not be a plough dragged through the land and 
followed by a harrow, but that the two operations must 
be combined in one, so that one operation will leave 
the land in a fit state to take the crop. I do not like 
the idea of a 15 000-volt cable being dragged across a 
field, as shown on the lantern slide. I should not think 
it would last more than a month of continuous use. 
The problem of the farmer is in many respects very 
akin to that of the electric supply undertakings, in 
that the load factor in both cases is very low. The 
farmer has to provide horse-power for putting in the 
crop in the spring, and once that rush is over his 
requirements could be met by perhaps half the horse- 
power he has on hand. So long as his requirements 
for the after-cultivation of the root and the potato 
crops and for the farm jobbing work have to be met 
by animal power, there is very little gain in most cases 
in using electric ploughing, as this is off the “ peak ” 
of the power demand. A machine which combined 
ploughing with harrowing would have a much better 
chance of success as it would reduce the number of 
horses required. It would have the disadvantages 
that the machine would be used for only a compara- 
tively short time in the year and so it would be difficult 
to pay interest on the capital expenditure, and the 
delay of the ploughing until the actual planting time 
would mean that the soil would not be subjected to 
the beneficial action of the frost during the winter. 
To render the operation of the machine as continuous 


as possible it might be necessary to change farming to 
a system such as that advocated by Prof. Wibberley, 
in which, by the choice of suitable plants, the opera- 
tions of planting and harvesting can be extended over 
a very considerable period of the year. The beneficial 
action of the frost in pulverizing the soil can, in the 
case of heavy clay soils, be imitated by the use of lime, 
and the aeration of the soil by the use of suitable 
nitrogen manures. In fact, to an extent not perhaps 
realized, horse-power and manures can be interchanged, 
and each case has to be worked out by itself, taking 
into account the type of soil and the relative cost of a 
horse-power-hour and of artificial manures. 

Mr. E. Kilburn Scott: The firm of John Fowler 
and Co. build a plough of entirely new design which is 
very promising from our point of view, because it is 
rotary and therefore suitable for electric motor driving. 
It has two sets of cutters, which rotate horizontally in 
opposite directions on vertical axes and break up the 
soil as the machine moves forward. The cutters can 
work down to a depth of 18 in. and over a width of 
10 ft., and they leave the soil ready for planting so 
that no further work is necessary on the soil as with 
ordinary ploughs. The rotating rings which carry the 
cutters are mounted on a pivoted framework which can 
be raised clear of the ground or dropped into work as 
required. The present machine is driven by a vertical 
225-h.p. petrol engine mounted on the hauling cater- 
pillar, and gearing is arranged to give two travelling 
speeds forward and two rotating speeds to the cutters.. 
The soil broken up depends partly on the speed of. 
rotation of thé cutters and partly on the forward move- 
ment of the machine. Electric motors would not only 
simplify the gearing very much but give practically 


any desired speed, and this would be an advantage . 


because the work required in a bad piece of ground is 
so different from that in ground that has been well 
cultivated. This type of plough is already in use in 
Cuba for sugar-cane cultivation, and this leads me to 
say that I think it is a mistake for members of engi- 
neering institutions who reside in this country to make 
remarks which are tinged with an ‘‘insular’’ point of 
view. It should be kept in mind that our business is 
with the whole world, and especially with the various 
portions of the British Empire, and electrical engineers 
in particular should discard insular ways of looking at 
trade. Great Britain is only a very small part of a 
widespread Empire, and agriculture overseas is very 
different from what it is here; therefore to talk in 
terms of the “ pocket handkerchief ” paddocks of this 
country is foolish, when there are paddocks in Australia 
and elsewhere in the Empire which take hours to 
traverse. The audience of this Institution does not 
consist merely of London, Manchester and Glasgow 
members, but includes engineers in Cape Town, Calcutta, 
Dunedin, Sydney, Toronto, etc. That agriculture and 
coal-mining are somewhat depressed in this country is 
no justification for pessimistic talk, for in these days 
the question is not ‘‘ How goes Great Britain ? ” but 
“ How goes the British Commonwealth ? ” The author 
is worthy of high commendation for ‘continuing so 
steadfastly in the application of electricity to agri- 
culture, but the question arises as to whether it is 
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quite fair to expect him to do all the propaganda work. 
Why should not the Institution or the Electrical 
Development Association, for example, financially sup- 
port a scheme to run a model farm in much the same 
way that certain electricity departments of our cities run 
model all-electric houses ? 

Colonel R. E. Crompton (communicated): The 
author has, by his interesting series of fixed as well as 
motion pictures, shown us how, in France, they have 
been able to supersede Fowler's original steam-plough- 
ing system by adapting electrical power to do the same 
work. This, of course, was evident to anyone who has 
watched steam ploughing for the last 50 years, in fact 
ever since David Greig started it at Fowler's works. 
Steam ploughing has been regularly used in England 
but, for the reason given by Mr. Atkinson, it can be 
used to best advantage in unfenced country, such as 
parts of France or Germany, but only to a limited 
extent in England, for England, on account of climatic 
and other reasons, is a country of small fields, which 
do not allow of wire-rope ploughing being used to 
advantage. On the other hand, electric power lends 
itself so easily to improved forms of cultivation, such 
as the various forms of rotary trenchers and diggers, 
described by many speakers in the discussion, that it is 
fairly evident. that if electrical power is to be largely 
used in the Midlands and Northern England, where the 
fields or enclosures are small, it will lend itself to the 
concentration of power on converting the land (wherever 
the nature of the soil permits of it) from the existing 
ploughed surface of only 6 or 8 inches in depth, to the 
deeper trenched market-garden class of land on which 
a maximum of food can be grown at low cost. If 
Mr. Atkinson is right—that the only way to teach the 
farmers in the South of England to cultivate in the 
most efficient way is to remove the hedgerow timber 
and adopt such means as the author showed on the 
lantern slide—I am afraid that the English landscape 
would suffer, and that our beautiful rural England, of 
which we are so proud, would become a thing of the 
past. On the other hand I think that if and when we 
are successful in introducing electrical power into our 
villages and farms by gradually accustoming the culti- 
vator to the uses of electrical power in small units and 
for minor purposes, by that time we shall have so 
perfected the electrical trenching machine that it can 
be used in the gardens and allotments close to the 
villages. In this way the area of such highly culti- 
vated trenched land around each village would be 
gradually extended, so that food production would be 
greatly increased at low cost and with extenx1""e benefit 
to our country. The villages would thus be yradually 
educated through the use of small power units to employ 
the much larger ones required for land cultivation, and 
progress would be.certain to follow. 

Mr. P. Johnson (communicated): The author refers 
to the possible use of endless-track vehicles in con- 
nection with electric ploughing. I have for many years 
past been convinced that all the problems connected 
with power cultivation of the soil, whatever means of 
prime mover is employed, will never satisfactorily be 
solved so long as the movement of such ‘plant over the 
land is confined to the use of wheels. Except under the 
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very favourable conditions which are obtained in 
certain parts of the world where, when the major agri- 
cultural operations are carried out, the ground is dry 
and hard, the line contact of a wheel of necessarily 
small diameter makes movement over the soil a very 
difficult matter. Anything in excess of a very slight 
amount of sinkage results in enormous loss of power 
due to the high rolling resistance, and considerable 
damage to the land both above and below the furrow 
depth. If wheels of 50 or 100 ft. diameter were 
practicable this factor might be negligible, but it has 
always proved impossible to mount even the largest of 
agricultural machines on wheels of greater diameter 
than 6 or 7 ft., and mere increase of width does nothing 
more than mitigate the troubles to a moderate extent. 
The solution undoubtedly lies in offering, to the soil, 
contact of a sufficient area to ensure little or no sinkage 
and to provide for the necessary adhesion. The pressure 
per square inch which should be provided for in design 
ought not, in my opinion, to exceed that which a man 
puts upon the ground when walking over it, i.e. about 
10 lb. With endless-track vehicles it is quite feasible 
to provide for this figure and even to reduce it with 
great advantage to as low as 4 or 6 lb. Though endless- 
track vehicles for agricultural purposes have been 
well known for many years past they have always 
suffered very gravely from the defect of undue wear and 
tear, leading to very high charges for maintenance, 
expensive delays, etc. The main factor in this wear 
and tear is the pin joints connecting together the 


_ plates which form the endless track. In recent years 


these joints have been elaborated in many designs so 
as to provide for lubrication and lateral flexibility to 
enable the tracks to be laid in a curve and thus steering 
to be effected without skidding the track bodily side- 
ways over the ground. These elaborations have all 
tended to increase the cost of the tracks, and though 
their life has been appreciably extended the increased 
cost, combined with the difficulties of ensuring adequate 
attention to the lubrication, has resulted in the conclu- 
sion that they cannot be considered a satisfactory 
solution of the problem of agricultural operations. In 
one attempt to eliminate the pin joint which lies at the 
root of the trouble, endless tracks have been made on 
the principle of a continuous band of rubber and fabric. 
Although this type of track is open tc the objection 
that the pressure transmitted to the ground is not truly 
distributed, it has shown itself to be moderately 
satisfactory for the very light classes of machines. It 
is not, however, applicable, as far as has been ascer- 


, tained up to the present, to the heavier classes of 


vehicle, and so far as I know there has not yet been 
evolved any method which can be considered satis- 
factory from the agricultural point of view of obtaining 


a positive drive. I believe that the principal hope for 


the future lies in a type of track which has been in the 
process of development for the past two years but 
which is only now emerging from the experimental 
stage. This type of track consists of a series of steel 
plates which are not connected together by pin joints, 
there being no metallic contact with each other whatso- 


ever. The plates forming the track are coupled by 


blocks of rubber in compression, which blocks provide 
17 
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for all the necessary movements. The bench and 


field tests so far carried out appear to indicate that these. 


blocks of rubber are almost indestructible under the 
severest conditions. The rubber itself does not come 
into contact with the ground, being practically com- 
pletely enclosed and placed under initial compression 
by the process of coupling the plates together. In 
the event of the rubber blocks requiring to be replaced 
this can readily be accomplished by unskilled labour. 
The results obtained up to date appear to indicate that 
this new type of track will go a very long way indeed 
towards solving some of the most urgent problems of 
power cultivation. Further details in connection with 
it that I cannot give at the moment will be available in 
the course of the next few months. Such endless-track 
vehicles as are visualized above will have a tractive 
resistance exceeding that of wheels by about 10 per 
cent on a hard road, i.e. a surface upon which a wheel 
has no visible sinkage, but over any ground where the 
wheels leave a visible mark behind them the tractive 
resistance figures are all in favour of the endless-track 
vehicle, provided that steering without skid is a feature 
of the machine. These figures vary, of course, with 
every class of ground and become more and more 
favourable to the track vehicle as the softness of the 
ground increases. In extreme cases the tractive effort 
required to move a wheeled vehicle over soft soil may 
easily be of the order of 400 to 500 Ib. per ton, the 
corresponding figure for a suitably designed track 
vehicle remaining practically constant, as long as no 
sinkage occurs, at 60 to 70 lb. per ton. With such 
vehicles speeds far in excess of anything required for 
agricultural purposes can readily be obtained, up to 
20 m.p.h. or even 25 m.p.h. being perfectly feasible. 

Mr. E. A. Mitchell (communicated): The cinemato- 
graph films showing the large ploughs working in France 
make it clear that electric ploughing by large units is 
no longer an experiment but a practical success, but it 
may take a longer time to develop in England on account 
of the steam tackle now in use, the scrapping of which 
is prevented by the agricultural depression in this 
country. On page 1187, tractor ploughs are mentioned; 
it is a subject which has had my attention for several 
years, for it presents an immediate solution of increasing 
the load factor by an excellent day load. Taking the 
amount of arable land included in the South-East 
England scheme, allowing one-third to lie fallow, an 
annual day load of about 32 million units can be obtained. 
In col. 4 of Table 2 the author gives a figure of 5s. 1d. 
for the cost of ploughing by electric tractor. To this 
figure I have added 2s., making the cost per unit 2d. 
On this basis the saving to the farmer on production 
costs is about £960000 a year. For the purpose of 
obtaining the reduction of distribution costs I mapped 
out a farm of some 365 acres, of which 200 acres were 
arable, the balance being pasture intermixed with the 
ploughed land. Including a supply to farm buildings 
and houses, 12 poles would be sufficient, and not one of 
them need be placed in such a position as to obstruct 
the tillage of the ground, for about 40 acres can, if desired, 
be supplied by one pole. 

Mr. R. Borlase Matthews (in reply): It does not 
seem to be as generally appreciated as it might be that 


this paper has involved a great deal of experimental and 
research work, though I have thought fit rather to 
express the practical results with a view to assisting 
others to start off at the stage which I have already 
reached. Further, it does not seem to be realized that 
commercial electric ploughing is a practical proposition 
in other countries. A case was mentioned in the course 
of the paper (page 1189) where the electricity supply 
undertakings which operate in the agricultural area in 
the neighbourhood of Paris formed a separate company 
for carrying out electric ploughing by contract. Since 
then five other undertakings in France have adopted the 
same course and have placed large orders for electric 
ploughs. This is a new departure from the previously 
accepted European practice of operating these ploughs 
through either contractors or co-operative farmers’ 
societies. There are now over 200 electric ploughs in 
Europe. Ploughing is such an important factor of the 
farmer’s programme, representing two-thirds of his 
power requirements, that if it can be done more eco 
nomically and effectively than present methods allow, it 
is going to do much to facilitate farming operations, for 
it’ would seem that the salvation of farming lies largely 
in obtaining a greater output per man employed. 

I agree with Mr. Fennell’s statement that very little 
genuine rural electrical development is as yet being 
carried on in this country. However, the number of 
farmers who are employing electricity here is rapidly 
increasing, being now in the neighbourhood of 2 500, as 
compared with about one-tenth of this number when I 
previously read a paper before the Institution some 
six years ago. Fortunately, the British farmer is in a 
position to raise a loan on very low terms for new 
electrical plant, as an existing organization provides for 
this, subject only to the approval of the scheme by the 
Ministry of Agriculture. No initial deposit is required, 
and on a loan for 20 years the combined interest and 
sinking fund areonly 7 percent. The capital having been 
paid back in this way, the equipment becomes the 
property of the farmer at the end of that time. 

British makers are now prepared to supply commercial 
electric ploughs and, in fact, for some time they have 
been constructing parts for electric ploughs used on the 
Continent. Hence a commercial article of either British 
or Continental make is now available in this country, 
though it must be admitted that the machines that have 
been developed so far are of the larger type operating 
on the double-rope haulage system. It has been stated 
that these machines are not much good for English 
conditions of farming. I do not agree with this state- 
ment, however, but would rather suggest that it is 
prejudice and lack of local experience, coupled with 
absence of electric power supply facilities, that is the 
main reason why electric ploughing has not been adopted 
to a greater extent in England up to the present. After 
all, there are at present about 2 000 steam ploughs of 
this type in the country. For individual ownership and 
ploughing in small fields, which is such a characteristic 
feature of the greater part of this country, a small 
tractor plough would be preferable on account of the 
lower capital required, coupled with the possibility of 
operation by the aid of one man only. However, the 
modified roundabout electric ploughing systems are 
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also obtainable in small sizes at a comparatively low 
cost. 

In the course of the paper I referred to the rotary 
tiller, as it seems to me that this is a more ideal imple- 
ment (since its operation is rotary) for driving by a 
rotary machine such as an electric motor. There-is a 
certain amount of prejudice against this type of imple- 
ment, as the earlier forms were not entirely successful. 
However, as in everything else, experience has eliminated 
most of these earlier faults. For this reason, this 
implement should receive due consideration, especially 
as in its later forms it can deal effectively with heavy 
loam or clay soils. 

Mr. Jenkin questions my statement to the effect that 
electric ploughs are used on 200 days of the year, as he 
does not think that this could apply to this country. 
My reply to this is that if machines can be employed 
which are kept off the land to be ploughed, or if they are 
mounted on creeper tracks (if it is desirable for them to 
traverse the land to be ploughed), a great many more 
days’ ploughing in the year can be accomplished. Further, 
the 200 days’ use of the ploughing set above referred to 
includes all other classes of work that this type of 
machine can accomplish, viz. scarifying, cultivating, 
harrowing, rolling, seeding, etc. The period mentioned 
above is that actually accomplished in several parts of 
France. In that country, by taking advantage of 
artificial light, ploughing can now also be carried out at 
night. Further, as it is customary to work on all Sundays 
and holidays during the main ploughing season, the 
modern electric ploughing set can be kept very fully 
employed. Of course, I concur with Mr. Jenkin that 
there are exceptional times when an oil tractor can get 
on the ground on but a few days a month; this is, how- 
ever, really an argument in favour of the modern electric 
plough. Mr. Jenkin suggests that a fault of the electric 
machine is that it will not go round a field to cut the 
corn; however, it is quite practicable to cut the corn in 
the same to-and-fro way as ploughing is carried out, as 
it is not essential to go round and round a field to carry 
out either operation. Even the income-tax authorities 
allow a depreciation on oil tractors of 20 per cent per 
annum. 

Prof. Fortescue fears that the division of land into 
small fields militates against the economic lay-out of the 
supply lines and that, therefore, the effective develop- 
ment of the use of electricity for ploughing purposes 
would be hindered. I think that, in practice, the electric 
plough should be no more unsuitable for small fields 
than is the steam or other type of plough. 

I am very interested in the comments of Mr. Hodgson, 
and I agree with him that the pressure of 5 000 volts in 
use in France is definitely dangerous unless a properly 
qualified person is in charge. I have made inquiries 
but cannot obtain particulars of the fatalities referred to 
in connection with work on ploughing tackles in France. 
At the time at which this paper was read, the Electricity 
Commissioners’ Inquiry had not, of course, been held, 
but the recently issued Report (Report of Proceedings 
of the Conference on Electricity Supply in Rural Areas) 
provides a good deal of data which would cover many 
of the points raised. The single winch and anchor 
system and the roundabout system, which were discarded 


in the early days of steam ploughing, are so differently 
applied in the case of electric ploughing that the same 
results are not being experienced. For instance, as Mr. 
Hodgson himself says, with electrical plant the difficulty 
of maintaining a good output does not arise. Mr. 
Hodgson refers to power consumption and I think that 
he puts the figure rather high for the usual English 
ploughing practice when he quotes 22 units per acre 
with electric power. Of course it all depends upon the 
depth to be ploughed.* With regard to the design and 
operation of the hysteresis control used in the Forssblad 
tractor, a fuller description of this was given in the 
Journal (1926, vol. 64, p. 810). 

That Major McDowall is in agreement with the 
principles of electric ploughing is shown by the opinion 
he has given that “.. . electrical tillage will be the 
solution of our arable farming difficulties, and that the 
arable load will solve the economic problems which at 
present face the rural power line engineer.” Major 
McDowall quotes the figure for power given by me in a 
previous paper of 24d. per unit. I still consider that 
figure to be an economic one from the point of view of 
both farmer and engineer for many types of farm load, 
but I consider that the figure of 1d. per unit might well 
be put forward as lucrative when such loads as ploughing 
are considered in addition. 

I think that Major Rich goes to the root of the rural 
electrification problem when he says that “ the rural 
development in France is based upon the fact that lines 
can b> put up at a reasonable capital cost, and that the 
Government is willing to assist in the way of grants in 
aid or loans to scattered communes or groups of com- 
munes.” Apart from Government aid, it is conceivable 
that the costs of overhead lines might be considerably 
reduced in this country by a still further revision of the 
existing rules, the adoption of intermediate distribution 
pressures (e.g. 6 600 and 3300 volts), and by a closer 
adherence to Continental and American practice. More 
of the constructional work on the poles themselves should 
be done in the factory and not on the roadside. 

I agree with Mr. Irwin that a wise solution of the 
agricultural problem would be the raising of more 
produce of better quality on the same land. That this 
laudable end can best be attained by the use of electricity 
is borne out by the fact that electric ploughing can be 
done at a greater speed and lower cost than any other 
method of ploughing. The same applies in any aspects 
of farm work. Where electric power is employed, more 
time is available for the work of production. Incident- 
ally, the voltage of the cable laid across the field was 
5 000 and not 15000. The latter was the pressure of 
the main distribution system. A portable transformer 
was employed to reduce this latter pressure to the 
working pressure of the plough motors, i.e. 5 000 volts. 

With’ the suggestion of Mr. Kilburn Scott, to the 
effect that the Institution or the Electrical Development 
Association should finance the equipment of a model 
farm, I am, of course, in very full agreement. In 
Northern Ireland, Switzerland, France and the United 
States of America such farms are Greatly aiding electro- 
farming propaganda. 


è See“ Data on Electric Pioughing,’’ (pp. 17-42 of a apa perce entitled ** Electric 
Ploughing," read by R, Borlase Matthews at the World Power Conference, 
Basle Sectional Meeting, 1926). 
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This reply might be continued almost indefinitely, as 
each and every comment has raised points which require 
another paper to deal with them. However, enough has 
been said to demonstrate the very great importance of 


the subject. The paper may be a little ahead of its 
time, but it is certainly not in advance of its need, both 
to the farmer and to the e!ectricity supply undertaking, 
as a means of enormously increasing the output. 


DISCUSSION ON 


“A NEW METHOD OF MEASURING THE TOTAL POWER IN A BALANCED 3-PHASE 
CIRCUIT, EMPLOYING ONLY ONE WATTMETER.” * 


Mr. E. W. Hill (communicated): The description in 
this paper of the two methods of measuring power in 
3-phase balanced circuits is interesting in so far as, by 
setting out clearly the fundamental details, it is a 
reminder of what is theoretically possible. But the 
idea is not new, at least as regards the second method, 
which involves the use of two current transformers. 
This method, as applied to energy meters, was described 
in 1911 by Messrs. Ratclift and Moore in their paper 
on “ Electricity Meters, with Notes on Meter Testing,” t 
and also subsequently by Mr. Solomon in his book 
entitled “ Electricity Meter Practice ” (1923, pp. 80-81). 
It is a method which can fairly be said to be well known 
to engineers interested in the use or manufacture of 
electricity supply meters; and those engineers are, in 
general, too keenly receptive to new methods to have 
allowed any idea of this kind to lie dormant so long if 
it had possessed any material value in relation to its 
practical application to energy meters. A metering 
method, to satisfy the modern meter engineer, must 
have the attribute of practicability—by which is meant 
the combination of the qualities of accuracy, simplicity 
and inexpensiveness. These qualities are not always, 
unfortunately, mutually compatible, and the most 
nicely adjusted compromise between them is necessary 
in order to evolve that method which can be accounted 
the best. The nature of the compromise which may be 
adopted in any particular case is governed by the 
conditions which it is desired to meet. It can be 
accepted that, in general, considerations of accuracy 
lead the meter engineer, with but few exceptions, to 
discourage altogether the use of so-called ‘‘ balanced 
load ” meters. Certainly, on account of such considera- 
tions, no “ balanced load ” meter would at the present 
day be used in a high-tension equipment. Indeed, the 


* Paper by Dr. H. M. Bartow (see pace 1001 
t Journal I.E.E., 1911, vol. 47, p.2 ). 


only instances where the use of such meters would even 
be considered are those of comparatively small con- 
sumers on low-tension networks. It can be seen at 
once that the condition as to practicability is not 
fulfilled in such cases by either of the methods put 
forward in this paper. The cost, and lack of simplicity, 
involved in the use of the special potential transformer 
of the first method, are disadvantages which entirely 
outweigh any advantage accruing from the use of a 
single-phase meter instead of a 3-phase meter, which 
would not require a potential transformer at all. The 
second method has the disadvantage that current trans- 
formers seem to be indispensable even for a service of 
small capacity, which, with a normal 3-phase meter 
taking the whole current through it, would not require 
them. For larger-capacity services, requiring current 
transformers in any case, the two current transformers 
used for the balanced-load meter would equally well 
serve for a 3-phase meter, and a 3-phase meter has an 
advantage from an accuracy standpoint that more 
than compensates for its higher cost as compared with 
the balanced-load instrument. The conclusion to be 
drawn is that balanced-load metering methods are to 
be avoided, particularly when they involve as much 
or’ more accessory apparatus than straightforward 
methods. . 

Dr. H. M. Barlow (in reply): Needless to say I was 
quite unaware that the second arrangement described 
by me for measuring power in a balanced 3-phase circuit 
had been published previously. Mr. Hill's remarks 
regarding the application of the two methods to metering 
certainly sum up the present position, but one never 
knows when such devices may acquire an unexpected 
importance in the development of some new apparatus. 
The principal object of my paper was to bring the idea 
to the notice of those who may yet find a useful applica- 
tion for it. 
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ON 


“THE APPLICATIONS OF ELECTRICITY IN WARSHIPS.” * 


WESTERN CENTRE, AT PLYMOUTH, 4TH APRIL, 1928. 


Mr. W. J. Bache: In spite of their ceaseless search for 
lightness in weight, the Admiralty seem to be rather 
contradictory in dividing the units of propulsion, for 
example, into so many portions. In the particular 
lantern-slide I have in mind, the propulsion machinery 
is divided up into six units, and it appears that more 
economy of weight would be secured by reducing the 
number of units. There also seems to be in the auxi- 
liaries quite a considerable amount of material which 1 
should have expected to see saved in the search for 
lightness. 

Mr. S. G. Monk : On one point dealing with secondary 
batteries, with particular reference to submarine work, 
can the author give his opinion as to the use or practi- 
cability of covering the acid with a thin layer of oil? 
What is its effect on the plates when they are withdrawn, 
and is it efficacious in checking obnoxious fumes? 

Mr. C. G, Morley New: Who is responsible for looking 
after all the electrical apparatus on board, and what 
staff has he? In the lantern slides shown 1 notice that 
a great deal of the equipment is totally enclosed. This 
method leads to heavy weights and is costly. On land 
we install pipe-ventilated motors and by this means get 
all the virtues of the totally enclosed motor practically 
at the cost of the open type. 

Dr. R. D. Archibald: The author mentioned that 
more paste falls from the bottom of the plates of sub- 
marine batteries than from the top and that there was 
no explanation of that fact. Is there any reason to 
suppose thatitis partly due to a sort of tuning-fork effect, 
whente the vibration is greater at the bottoin of the 
plates than at the top, where they are supported? 
Regarding propulsion, the question whether an electrical 
method or a mechanical method should be adopted for 
any purpose is a very difficult one. There are 16 things 
that can go wrong with a simple electric bell, whereas 
in a mechanical one there are only about two. The 
mechanical engineer scores considerably over the 
electrical engineer in being able to improve the strength 
and efficiency of his materials by new processes and 
alloying. The electrical engineer has gained very little 
from this branch of science and the only way he is able 
to get more out of his machinery is by literally blowing 
it harder to keep it cool. Theoretically, it is possible 
to obtain a greater output from a machine by refrige- 
rating the cooling air without reducing the efficiency to 
any great extent, because, although the refrigerator has 
to dispose of all the heat due to losses of the machine, 
the amount of work done is only a fraction of the heat 
disposed of. Of course, I do not suppose that it is a 
practical thing at present because of the weight of a 
refrigerator and the difficulty of cooling the air, but I 
would suggest that it appears to be the only direction in 
which we can go, unless some material is discovered which 

** Paper by Mr, W, McCLELLAND (see vol. 65, p. 829, and vol. 66, p. 290). 


is much more magnetic than iron or has much less 
resistance than copper. There does not appear to be 
much hope of that at present. I suggest that something 
should be tried along these lines to see whether a method 
of cooling could be evolved that would not involve a 
great deal of expense. 

Mr. J. B. J. Higham: It is well known that although 
35 000-kW and 50 000-kW sets have been in operation 
in land stations, engineers have not had a very happy 
experience with them. I take it that the land turbine 
is manufactured in practically the same manner as the 
marine turbine, and I should like to know whether there 
are any figures available as to the relative number of 
breakdowns which occur. I think it is taken for granted 
that the turbine is the power unit to install nowadays, 
but the turbine has a long way to go to beat the low- 
speed reciprocating engine for reliability. The stripping 
and pitting of blades has been a great source of trouble 
with land turbines and this surely is more likely to occur 
on board ship. With regard to the electrical equipment, 
what led the naval authorities to choose 220 volts (d.c.) 
as the best system? There are other points. I take it 
that the flexible C.T.S. cables are subject to a fair amount 
of rough handling, possibly not as much as those used 
in mines, and the canvas reinforcement has been cut out 
entirely. I take it that these cables are often used in 
wet situations, and I should like to know whether any 
trouble has been experienced due to the absorption 
of water. That is a point which has to be carefully 
guarded against in all types of cables used in mines 
where there is any amount of water and employing a 
dielectric of hygroscopic nature. Servings, although 
thoroughly impregnated, also suffer deterioration. As 
wire-armoured cables are used for other purposes, I 
should like to know why canvas reinforcement has been 
adopted for the C.T.S. flexibles, particularly as “ fer- 
flex ” and flexible wire armouring is now a standard 
product and the cable is practically as flexible; is it a 
question of weight? Then again, with regard to weight, 
it seems that in this search for lightness and speed the 
adoption of the Diesel engine and low-speed generators 
for electric propulsion is going to the other extreme; all 
this low-speed gear is exceedingly heavy. I should have 
thought there would have been a tendency to go to the 
extreme, viz. high-speed turbines geared to such speeds 
as are compatible with efficient and reliable electrical 
machines. A great saving in weight would be obtained 
but possibly troubles would be experienced due to the 
pitching, rolling, and yawing of the ship at these high 
speeds, and reliability would be sacrificed. 

Mr. C. T. Allan: I doubt whether it is generally 
realized that the auxiliary plant in a warship has a 
capacity equal to that of a small town, and that in an 
electrically driven warship the plant is larger than that 
in most land super-power stations, with all the plant 


1202 DISCUSSION ON “THE APPLICATIONS OF ELECTRICITY IN WARSHIPS.” 


crowded in a very small space. Comparing the space 
occupied by the generating plant in both cases, one is 
inclined to investigate the value of a floating power 
station. If the units on a warship are metered, an 
analysis would be very interesting. Remembering Dr. 
Ferranti’s remarks in his Faraday Lecture this year, on 
the future of accumulators, one wonders what the pro- 
gress of warship propulsion will be if the efficiency is 
increased and the weight reduced. 

Mr. W. McClelland (in reply): I presume that Mr. 
Bache is referring to the propulsion machinery of U.S.S. 
“ Maryland ” and he suggests that the four propelling 
motors and two generating units might advantageously 
have been reduced in number, the reduction, of course, 
involving the adoption of a 2-shaft drive in place of the 
four shafts now used. U.S.S. ‘‘ Maryland ” was con- 
structed prior to the acceptance of the restrictive clauses 
of the Washington Agreement, and it is of note that since 
the Conference 2-shaft designs have been often adopted 
for capital ships. It would have been possible to equip 
the ship with one 22000-kW turbo-alternator, but 
whilst some weight and space might thereby have been 
saved, a sacrifice of maximum efficiency at cruising 
speed and of reliability would have been incurred. 

Dr. Archibald, also speaking on the reduction of weight, 
rightly says that cooling is probably the chief avenue 
of search or research. I think I have indicated in the 
paper that the Admiralty has given much consideration 
to this matter and has adopted a number of newer 
methods. The use of refrigerated air might have 
advantages where large electrical machines have to be 
accommodated in a confined space, as in electrically- 
propelled capital ships. The totally enclosed machine 
without special cooling device is, as Mr. Morley New 
states, heavy and bulky, but, on the other hand, piping 
and trunking are equally undesirable in a warship. 

While on the subject of machinery I might refer to 
Mr. Higham’s remarks on the relative reliability of 
prime movers. Though reciprocating engines are im- 
possible for the main propulsion of modern warships, 
they are still available for auxiliary sets. The reliability 
of the reciprocating engine has been long established, 
but, on the other hand, serious trouble with turbines 
for auxiliary generating sets is decreasing and, in my 
view, a user can nowadays reasonably demand from 
a turbine-driven geared auxiliary set a reliability 


approaching that of the reciprocating set. Mr. Higham 
also asks why the 220-volt d.c. system had been adopted 
as the best. This decision was based on a minute study 
of every possible a.c. or d.c. system, and the arguments 
for and against are summarized in the paper under the 
headings ‘“‘ Type of Supply” and “The System of 
Distribution.” With regard to the canvas reinforce- 
ment of the tough-rubber sheathed. cable, the cable 
shown in Fig. 13 has the canvas embedded between two 
layers of rubber sheathing. The canvas cannot therefore 
come in contact with water unless the outer layer of 
rubber deteriorates and cracks. 

With regard to secondary batteries, Mr. Monk asks 
for my opinion on the use of a thin layer of oil over the 
acid. I know that this has been used in land stations, 
but there are objections to its use in submarines. With 
the constant movement of the acid surface, the oil 
deteriorates into a troublesome mixture of oil and solid 
matter previously in suspension in the acid, and hydro- 
meter measurements are upset. Providing the oil is 
added after plates have been well immersed in acid, no 
trouble has been experienced due to any effect of the 
oil on the plates as a result of subsequent withdrawal 
from the container. The oil covering does not prevent 
the emission of gases but does reduce spraying of the 
acid. Dr. Archibald’s suggestion of a “ tuning fork” 
vibration being responsible for the falling of paste more 
from the bottom of a plate than from the top is interesting 
but, owing to the plates and separators being tightly 
packed in the container, the contributory cause of vibra- 
tion is somewhat limited. It is probable that the effect 
is due to some cause such as the higher acid density at 
the bottom of the cell or unequal current distribution 
over the surface of the plate. 

Mr. Allan makes some interesting observations, 
although, knowing the difficulties encountered in war- 
ship installation, I regard more as a necessity than 
as a desirable: feature the crowding to which he 
refers. 

Finally, in answer to Mr. Morley New’s question, the 
electrical work on board ship is in charge of Torpedo 
Officers specially trained for the purpose, and such 
Torpedo Officers who have taken the two years’ higher 
course at Royal Naval College, Greenwich, and are known 
as ‘‘ dagger ” course Officers, are eligible as Corporate 
Members of the Institution. 
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ON 


“THE DOMESTIC APPLICATIONS OF ELECTRICITY.”* 
WESTERN CENTRE, AT SWANSEA, 12TH Maron, 1928. 


Mr. C. G. Glass: I find it very difficult to convince 
consumers of the advantages of the all-electric house. 
Some consumers are very surprised when they see the 
amount of their first quarter’s bill, and quite a number 
at Llanelly who had taken to electric cooking very soon 
reduced their consumption after the first quarter, when 
they gained experience. Of course, in many cases maids 
are not so careful as the head of the house himself. I 
am particularly interested in the method of induction 
cooking mentioned in the paper; this should certainly 
enable costs to be reduced. With regard to lighting, to 
advise a person entirely on the size of the room would 
not appear to be the best method, because the questions 
of the fittings and colour of the walls have a great 
bearing on the amount of light which should be installed. 
As to the comparison between a coal fire and electric 
heating, I find in my own experience that consumers 
want a coal fire. A radiator would suffice for a room if 
used occasionally, but if a room is used all day they 
prefer to have a fire and it is difficult to persuade many 
people to install some method of all-electric heating, in 
spite of its many advantages. 

Mr. J. W. Burr: I agree with the authors that while 
the lighting of a house cannot be treated on purely 
scientific lines, yet the combination of a few funda- 
mental principles is required to obtain an effective 
lighting installation. The lighting of most houses is 
poor and unscientific, and it is necessary for both the 
supply engineer and the contractors to educate the user 
up to a better standard of lighting, point out the neces- 
sity for cleaning fittings, reflectors, etc., develop by means 
of display the artistic sense, and try to explain the 
psychological effect of colour on the surroundings. 
Dealing with the advantages and cost of running of 
electric fires, the authors rightly point out that allowance 
is very rarely made for the convenience of operation, 
the handling of fuel and ashes and their consequent 
dust and dirt, and the reduced depreciation of decora- 
tions and furnishings. If these allowances are made the 
cost of electric heating with current at Id. per unit will 
compare favourably with that of other forms of heating. 
Panel and tubular heaters are of recent origin and have 
yet to be tried out over a period of time. Given a 
reasonable life for the elements, there seems to be a 
great future before this type of heating, particularly for 
large buildings such as cinemas, churches, etc. In 
regard to water heating, I prefer the central storage 
system, provided the loss of heat in the pipes is not 
prohibitive. I do not favour the installation of heavily 
loaded local heaters, and it is not to be expected that 
special terms will be offered by the supply undertaking 
for this load. With the storage system of water heating 
with thermostatic control a low charge per unit can be 
offered, particularly if the heating is done between the 
hours of 10 p.m. and 6 a.m. The induction method of 
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cooking is new to me, and I should be glad if the authors 
would give particulars of first and running costs. The 
authors favour the rateable-value system of charging, 
but I do not think that any charge which is not based 
on the maximum demand can be an equitable charge. 
I favour, and I know that I am probably one of the very 
few who do favour, a kilowatt-year charge, and as soon 
as the coal costs are reduced to a certain figure I am 
prepared to recommend my Council to adopt this basis 
of charging. | 

Mr. H. O. Davies: I note that for semi-indirect and 
direct fittings the lighting requirements are not less than 
1 watt per square foot of floor space. It seems to me 
that there should certainly be some difference between 
semi-indirect and direct fittings. With reference to 
electric heating, although panels for heating are of course 
very satisfactory 1 have found that the average man 
wants a fire of some description. In connection with the 
charges for building a house, I notice that the cost of 
wiring is not included, and it would be interesting to 
learn what the comparative charges would be if this 
were done. 

Mr. H. K. Benson: I should like to say a few words 
from the consumer's point of view. I am an ordinary 
consumer with an average family of four and a maid 
in an average-size four-bedroom house, and I have taken 
a little trouble over the matter. My installation con- 
sists of electric light and the usual small accessories— 
occasional electric radiators, together with a coal range 
for cooking, water heating and coal fires—and I find 
that the annual bill is approximately £42 inclusive. 
What price per unit can be quoted to me if I am going 
to use electricity exclusively? Can I be guaranteed an | 
equal yearly bill, plus, say, 25 per cent, which I am 
prepared to pay for the undoubted extra conveniences? 
The method of charging which appears to meet the case 
is a fixed charge per kilowatt of demand per annum. 
This would enable the consumer to know where he stood 
and he would not be worried by, from his point of view, 
complicated tariffs, but would be able to get the same 
convenience for the same cost, plus a reasonable addition 
for extra conveniences, as already stated. Although 
the use of electricity undoubtedly leads to saving in 
decorations, the argument does not carry much weight, 
as the average housewife wants the decorations renewed 
periodically in any case. If the supply undertaking 
would give 34 to 4 kW of demand at £12 to £13 per 


annum, I should be prepared to make my house all- 


electric and give the supply undertaking a 100 per cent 
load factor. | 

Mr. A. Preston: A few days ago I was asked by the 
governors of the Carmarthen Infirmary to suggest some 
method of heating their operating theatre, which is 
28 ft. by 12 ft. and lined with glass or porcelain, no 
naked heat being allowed. I installed a system of 
tubular heating and this raised the temperature of the 
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theatre in one hour from 52°F. to 65° F. with 5 kWh. 
I was charmed with the system. One speaker mentioned 
the cost of wiring the radiator plugs. The system 
which I have adopted is the heavy cable system looped- 
in at each plug point which has a local switch and 
fuse. The pair of wires from the last plug taken 
back to the double-pole fuses will double the carrying 
capacity of the cables. I think that this is a good 
system of wiring. Nothing smaller than 7/:044 cable 
is used, the wiring being carried through from room 
to room so that nothing can happen in the heating 
element with a local fuse. The induction method of 
heating is rather novel but there is a great deal of 
difficulty in adopting it as the heater and the utensil 
have to make very intimate contact. The voltage 
will probably be not more than 4 volts, so that good 
electrical contact will be essential. I have always 
advocated the standardization of hot-plates. The plugs 
are the biggest bugbear with which we have to contend, 
and if the hot-plates were standardized it would be 
much easier to satisfy our consumers, who object to be 
deprived of the use of their apparatus for long periods. 

Mr. C. G. Richards: I have no desire to offer any 
adverse criticism of the efforts of the authors and others 
who are doing so much to aid progress, but in the 
practical applications of domestic appliances I think it is 
folly to try to advise people to install apparatus which 
they will find too costly, because a policy of this kind 
is bound to have its reaction, which will retard progress. 
Side by side with the development of electrical heating 
and cooking apparatus there have been developments of 
considerable importance in the design of coal-burning 
grates. There are grates manufactured to-day in which 
the annual coal consumption is approximately one-third 
of that which could be obtained in fire grates sold 
15 years ago. I have recently examined a combination 
coal grate, where the fire is situated in the breakfast- 
room or living-room, as the case may be, and it is fitted 
with the usual hot-water boiler, while the oven of the 
same grate is fitted in the kitchen. From this grate two 
rooms are heated, an ample supply of domestic hot water 
is obtained, and the whole of the cooking is carried out. 
In Port Talbot and district, first-class house coal is sold 
at 35s. per ton. With a fire grate of the type described, 
even in the winter months, 4 ton of coals serves for 


6 to 7 weeks, i.e. heating for two rooms, cooking and 


water-heating for 35s. for from 12 to 14 weeks, or at 
the rate of 2s. lld. to 2s. 6d. per week. It will be 
difficult to compete with coal-burning apparatus of this 
type, as far as running costs are concerned. The 
wonderful convenience and adaptability of electricity 
for all domestic purposes is definitely established, and 
there are large numbers of consumers in our towns who 
can well afford, at the tariffs offered, to live in all- 
electric houses, but to attempt to encourage people to 
install apparatus which their incomes will not permit 
them to use regularly will do more harm than good. 
For lighting and power, electricity at reasonable tariffs 
has no competitor, but for regular domestic heating care 
must be taken in advising consumers. For heating and 
cooking, even with the grate referred to previously, I 
believe that a case can be made out for the summer 
months. I know that in our case it is possible from the 


end of May or early in June to the end of September 
to dispense with the fires excepting for cooking and 
domestic hot water, and an occasional fire in the evening 
and the morning. As a supply engineer it is my business 
to sell electricity, but it is not wise to damage good 
sources of revenue by overstating the case. Taking 
labour-saving into consideration, it might be possible to 
make out a case for the winter months, but most people 
are not in æ position to pay for labour-saving and the 
convenience to be obtained for the continuous and 
exclusive use in their homes of electrical heating, hot 
water and cooking appliances, during the winter period. 
I want to make it clear that I am dealing with the 
average type of house in the towns in this area, and not 
with the special cases, and, as far as cost is concerned, 
precisely the same arguments apply to gas. Where 
the tariffs are favourable, electricity certainly has an 
advantage over gas, but I am taking the case of the coal 
fire for general domestic purposes. Small offices are 
very favourable cases for electric heating. The induction 
cooking apparatus is of great interest. I shall be 
glad if the authors will state how the switching is 
intended to be performed, and what the pressure is in 
the secondary part. Unless the pressure is very low 
indeed there is a risk of danger to the user if there 
is any dampness about. While the principle is old, 
the application appears to me to be new, and I shall 
be glad to know the cost of the apparatus and the 
special utensils. From the description given by the 
author and in the illustrations, the induction heater 
seems to me to offer good possibilities in the direction of 
reducing maintenance costs, and this is an important 
question, apart from the increased efficiency. I find 
that there are many complaints about the cost of 
renewals. With respect to electric lighting, I agree 
that a high standard is desirable, but due regard must be 
paid to the lighting tariff when designing installations. 
In dealing with lighting, I follow the same practice as 
with heating, and take into consideration the price of 
gas. Where a consumer has been accustomed to low 
standards of illumination by gas, I certainly do not 
recommend greatly increasing the volume of light when 
converting to electricity, unless of course the con- 
sumer is previously made aware of the possible difference 
in cost. With a properly designed installation, and 
with due consideration of the costs of the alternative 
illuminants available, electricity for lighting has without 
doubt no real competitor. 1 am of the opinion that 
where the lighting tariff is not very low it is not advisable 
to suggest the use of fittings which absorb a large per- 
centage of the light given out by the lamp, and this I 
find applies to business premises as well as to private 
residences, especially during these periods of industrial 
depression when people have to economize in all direc- 
tions. When the supply was commenced at Port 
Talbot, I designed several installations with a view to 
satisfying the consumer in the matter of the cost of 
lighting, as well as in the matter of suitable illumination 
of the premises. These have given every satisfaction, 
and have considerably helped in the extension of the 
business. Unfortunately, however, there were many 
cases where business houses were advised by contractors 
to replace 2, 3 or 4 gas lamps with 10, 20 and, in one 
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case, 30 100-watt gasfilled lamps, without mentioning | 


the question of the cost, and some of these consumers 
were unpleasantly surprised at the amount of their first 
quarter’s bills. These people very quickly spread the 
news of the heavy costs of electric lighting, and. this 
had the effect of adversely affecting our developments. 
Even in cottage property, with a suitable choice of 
lamps, electricity has no competitor, and I feel quite 
sure that I am not overstating the position when I say 
that it is in this direction that we must mainly look for 
expansion ‘in the future, at least as far as lighting is 
concerned. My experience is that in most towns we 
have to compete with gas for cottage lighting, and 
the average occupier of a small cottage, being generally 
of small means, always wants to know what his weekly 


bill for lighting will be, before he consents to having: 


electricity installed. In the case of small houses I 
try as far as possible to prevent people installing high- 
wattage lamps in the first instance. Their bill is then 
not so large and this helps to increase the number of 
consumers, I think it would be very useful if supply 
engineers were to publish concise tables for the use of 
consumers, showing the cost per hour of burning of the 
various lamps.at the particular lighting tariff; in fact, 
I think this should be done for all the different types of 
apparatus likely to be connected, and it would be useful 
to show the cost of running per week and per month of 
a given number of hours. It is unwise to persuade 
people to purchase electrical apparatus which they 
cannot afford to continue to use, because this will 
greatly retard the use of electricity for domestic purposes 
in the case of apparatus which is entirely suitable and 
satisfactory from all points of view. I should be very 
glad if the authors would say how far the annual saving 
effected asa result of the reduced building costs will con- 
tribute towards the electricity costs in the case of the 
house of which they have shown us some lantern slides. 
It is information of this character, and of that which I 
have indicated, that will help supply engineers to increase 
the uses of electricity as an essential means of lighting 
and heating in houses of the ordinary type. Small 
consumers are now quite converted to the idea if they 
are satisfied that it comes within their means, and 
satisfaction in this direction is now going to be the best 
means of advertising and getting people to use electricity 
for domestic purposes. I do not wish the authors to 
have a wrong impression of my remarks, because I fully 
appreciate their work, but I do want full consideration 
to be given to what I find in my practical experience to 
be now the most important aspect of the problem. 

Mr. S. B. Haslam: I propose to make my remarks 
primarily from the standpoint of the user. I agree with 
Mr. Richards that it is a great mistake to go into 
schemes for domestic application of electricity without 
very careful consideration. Costs are incurred which 
could have been avoided. Electricity is used for pur- 
poses where the expense cannot be justified, and as the 
result a black mark is entered against the industry 
generally. On page 737 the authors very rightly point 
out the drop in efficiency that is experienced by users 
who install lamps of too high a voltage. “It will be 
seen,” they say, “that a 10 per cent reduction in 
voltage causes a 33 per cent decrease in the candle- 


power of the lamp,” but what is the user to do when he 
has 8 lamps failing in one week? This actually happened 
in my case. It is essential that a user who happens to 
be on a supply which cannot be absolutely controlled 
because of the demands of big industrial consumers 
should be enabled to meet the voltage fluctuations in 
some way, and at present the only possible way seems 
to be to under-run the lamps even in spite of the loss 
of efficiency. Table 1 is, in my opinion, a most 
dangerous table for anyone to follow. It gives the 
requirements of the dining-room as not less than 1 watt 
per square foot of floor area, absolutely irrespective of 
the size, shape or height of the room. Nothing is said 
about the distribution of fittings, the number of bulbs, 
the type of shading, the colour of the wallpaper or any 
of the many points which have to be taken into conside- 
ration to ensure efficient lighting. The authors make one 
of the commonest errors which are made by electrical 
engineers in comparing costs. They take coal costs at 
a high average and electricity at a very low one. I do 
not think there are many users to-day who get electricity 
at ld. per unit for heating, and certainly coal can be 
purchased for very much less than 44s. per ton. I am 
aware that these remarks may create a wrong impres- 
sion and I therefore want to emphasize the fact that 1 
am all in favour of the use of electricity, but that 1 
think that a great deal of damage is done by making 
claims and putting forward comparisons which are not 
always correct. The figure given for heating rooms, 
viz. 1)-2 watts per cub. ft. of space, is altogether too 
indeterminate and further information should be given. 
In a large room it is impossible to expect efficient 
heating from one large radiator, and in all probability 
two or even three radiators properly distributed would 
give better heating with less current consumption. I 
am in entire agreement with the authors’ remarks 
regarding tubular heating and I have had most excellent 
results, not on the window-sills but at the bottom of 
doors, the cold air coming in being warmed. With 
regard to water heating, one of the most important 
requirements is that the hot water shall be available 
quickly. To get this at a cost, and quickly enough, to 
compete with gas, will undoubtedly mean a very heavy 
loading on each individual heater, and I can quite 
appreciate how bad this will be from the point of view 
of the mains engineer. On the question of cooking, a 
point which has not been emphasized is the question of 
shrinkage of meat. The authors give the loss in weight 
due to shrinkage as 6 per cent with electrical fires as 
against 10 per cent with coal fires, but I am advised 
that the shrinkage in the case of a coal fire is more 
nearly 14 to 18 per cent, depending upon whether the 
oven is fast or slow. With gas, which, after all, is the 
chief competitor for cooking, the shrinkage is even 
higher, and may be as much as 25 per cent. The 
comparison of building costs in the paper is, in my 
opinion, misleading. In the ordinary type of house all 
costs are included, whereas in the all-electric house no 
costs are included for wiring or for radiators and grates. 
If these costs were included in the finished house the 
result would be very different, but in spite of that 
nobody with any experience of the two would have 
anything but an all-electric house. I suggest that this 
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is one of the cases where the form of comparison used is 
dangerous; anybody taking the authors’ figures and 
building a house would be disappointed to find out that 
the first cost was quite as high as, or even higher than, 
that of: the ordinary type of house, and I suggest that 
this should be made clear in the first case as the results 
obtained were quite sufficient justification even for an 
extra expense. 

Mr. John Smith: In Swansea, at all events, I think 
that electricity compares very favourably with gas for 
lighting. I feel that insufficient regard is paid to the 
important effect which the decorations of a room have 
upon the power of the lighting unit installed. Where 
the decorations are in the nature of a deep blue the 
requirements of the lighting unit are increased by almost 
100 per cent. In reference to heating and cooking, a 
great deal of trouble appears to have been caused in 
connection with the accessories employed. If we are 
going to advocate electric heating and cooking, far more 
attention will have to be paid to the small items. 
Cheap plugs and switches cause many of the minor 
troubles which tend to bring electric heating and cooking 
into disrepute. The plugs installed have frequently very 
small and faulty contact areas which cause local heat- 
ing, whilst very soon the plug tops char. Too frequently 
3-kW apparatus is purchased without consulting a 
reputable contractor or the supply undertaking and 
connected to the old circuit, which had only been fitted 
to mect the requirements of a 750 watt bowl fire, and 
trouble occurs when the fuses blow. If the consumer 
could be persuaded to consider, not so much the first 
cost but the maintenance charges which are likely to 
accrue, it would be an advantage, because if the cheapest 
installation is employed in the first case then the 
maintenance costs are usually heavy. If the supply 
engineers were to consider the better installation, rather 
than the cheaper one, the maintenance charges would be 
reduced considerably, and that would tend to popularize 
electricity. I am particularly interested in the induction 
method of heating, which appears to be very useful. 
With the present method employed, more particularly 
with the exposed elements, there is a sense of danger if 
the heating element is not adequately protected. I 
assume that the pressure in the induction method is 
particularly low and that there is practically no danger 
of shock, . The method of heating by tubular heaters 
seems to me to be very efficient and if, as I understand, 
it leads to a saving of 30 per cent of current, it should 
have a great future if the charges for current were 
below 1d. per unit. 

Mr J. B. J. Higham : Electrical engineers should 
be very careful in giving advice to prospective users, 
particularly in the matter of cost of heating and cooking, 


otherwise propaganda work will be wasted, and it will 


be extremely difficult to kill the prejudice thus created. 
It is impossible to convince people that “to do it 
electrically ” is the way when the first quarter’s bill is 
two or three times the amount previously paid for other 
methods. I have found that electric lighting at 6d. per 
unit costs roughly twice as much as gas lighting, with 
gas at 5s. per 1000 cub. ft. These figures are for 
approximately equal illumination in both cases, over 
extended periods of winter conditions in the same house. 


The amount per annum is comparatively small and few 
people would grumble at this; convenience, cleanliness, 
saving in wear and tear of decorations—all these are 
generally apparent to and appreciated by the ordinary 
user. I certainly agree that the electric fire is ideal for 
intermittent heating. When comparing the cost of 
heating a small room, for a considerable period each 
day, by coal and electric fire, the cost becomes pro- 
hibitive so far as electric heating is concerned. As an 
example, a normal room of 1 500 cub. ft. capacity would 
require a 2-kW fire on and off during the day; at 1d. per 
kWh the least cost would be 7s. per week. This is 


- equivalent to the consumption of 1 ton of coal for one 


small room in 5 or 6 weeks, and I should say that this 
amount would suffice for all the needs of a 6-roomed 
house with two fires regularly and one other occa- 
sionally. I am particularly interested in the induction 
cooker, which appears to have several advantages, 
particularly over the open-type boiling-ring. On first 
consideration I should say that the power factor would 
be low, and a low power factor would be almost as bad 
as sudden peak demands. With regard to the radiant 
type of fire, although a person directly in the path of 
the rays may feel quite comfortably warm, the air 
temperature of the room is not raised, and I think it is 
essential that the air should be heated to a greater 
extent than is accomplished by the modern radiant fire. 
Although I do not advocate the use of electrically heated 
clothes, as such an arrangement has many disadvantages, 
I certainly think that here is a field for investigation. 
We are told that 5 watts per square foot of body surface 
is ample when the temperature of the surrounding air is 
of the order of 0° C.; 30 watts would probably be all 
that would be required for average conditions. 

Mr. C. T. Allan: I agree that the periodical cleaning 
of electric light fittings produces a remarkable improve- 
ment in the illumination. Panel and tubular heating 
has opened up new and efficient methods of heating 
large rooms and halls. The central storage system of 
water heating will, I believe, be very helpful to both 


_ consumer and supplier. Inexpensive 500—750-watt ovens 
. with boiling-rings will greatly assist their introduction 


in cottages, even where coalis cheap. There is a demand 
for a 2-part tariff that will eliminate the cost and incon- 
venience of separately wiring for heating and lighting, 
and allow any type of apparatus from any part of the 
house to be used in any other. It will also encourage 
ample and cheerful lighting, the standard of which is 
noticeably increasing. 

Mr..C. G. M. New: Some of us do really believe that 
we are on the threshold of domestic electrification and 
each of us should do his best to reduce the cost to the 
consumer. With my experience of contractors in Cardiff, 
and bearing in mind my own difficulties in the home, 1 
think it right to insist upon all heating circuits incorpo- 
rating B.E.S.A. 15-ampere plugs, and 1 was gratified to 
find that the contractors fully endorsed without excep- 
tion the decision arrived at. There is no question that 
as this electrical development takes place we must look 
after the accessories. I have had a very unfortunate 
experience with plugs and sockets. The hot-water 
problem is a difficult one. There is a demand for water 
heating in the summer months. I suggest that if any- 
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one wants to make a trial of water heating at low 
initial cost, he should use a “* tank-belt ” (if he owns a 
cylindrical tank) and run it temporarily off the nearest 
plug. This is much cheaper than an immersion heater. 
These belts can be moved to any part of the tank to suit 
the hot-water requirements of the household. Can the 
authors give the cost of the special induction apparatus ? 
The savings given in the paper are remarkable. 1 should 
like to give some figures of an all-electric house where 
the cost of electricity was particularly low. The 
requirements of an ordinary 8-roomed house with a 
family of 6 adults, with frequent visitors, could, without 
any undue exercise of economy, be met with 20000 
units per annum. Over the whole year, of that amount 
heating accounted for 46-8 per cent, hot water with 
immersion heaters in the tank and using the airing 
cupboard 37:6 per cent, cooking’ 12°7 per cent and 
lighting 2-9 per cent. The lighting consumption, it 
will be seen, is a very small proportion of the total. 
The minimum weekly consumption was 187 units, and 
the maximum 660 units. | 

Messrs. A. J. Milne and R. H. Rawll (in reply): 
Quite a number of points have been raised which we 
have already dealt with in our previous reply to the 
discussions at the other Centres (see page 786). 

Mr. Glass seems to be under the impression that we 
would advise a certain amount of light according to the 
size of the room and irrespective of the colour of the 
walls, etc. On the contrary, we have distinctly referred 
to the effect of colouring on the quantity of light re- 


quired. We agree with him that most people prefer to 


sit by a coal fire, even when they are fully alive to the 
advantages of electric heating. 

We are pleased to see that Mr. Burr emphasizes the 
allowance, as regards convenience, absence of handling 
of fuel and ashes with their consequent dust and dirt, 
etc., which should always be made when comparing 
the true running cost of electric heating with that of coal 
fires. As far as we know, the list price of a 3-75-kW 
induction cooker is £11 10s., while that of a 0-75-kW 
cooker is £9 10s. The utensils vary from 24s. to 50s., 
according to size. It is quite true, as he points out, 
that in order to be equitable the fixed charge in a 
2-part tariff should bear some relation to the maximum 
demand. The difficulty appears to be to put this into 
practice, since a consumer could not be informed of the 
amount of his fixed charge until he was actually con- 
suming current. The suggestion of putting into force 
a kilowatt-year charge is of great interest. This is a 
bold step, but, undoubtedly, there are many consumers 
who would be prepared to pay a fixed sum per year for 
an unlimited number of units consumed, provided the 
maximum demand did not exceed a predetermined figure. 

With regard to the remarks of Mr. Benson, we, as 
supply engineers, can only say that we wish that there 
were more consumers of his frame of mind. 

The data given by Mr. Preston of a tubular heating 
installation is most interesting. There is no question 
of electrical contact between the heater and the utensil 
in the induction cooker. As explained in the paper, the 
utensil and its copper stirrup form a single-turn secondary 
which derives its heat from the current flowing in it due 
to induction from the primary winding, according to 


the ordinary transformer principles. We do not know 
if his remarks concerning hot-plates refer to those fitted 
in cookers let out on hire. If so, as far as the Birmingham 
undertaking is concerned, on the report of a failure of a 
hot-plate being received we certainly do not keep our 
consumers “‘ deprived of the use of their apparatus for 
long periods.” The faulty plate is replaced by a sound 
one at once; the inconvenience being only the matter of 
an hour or so. As we have pointed out, an efficient 
maintenance service is essential in any hiring scheme, 
especially that pertaining to cookers. 

We appreciate Mr. Richards’s criticism, which is most 
constructive and contains many useful suggestions. We 
should, however, like to make it clear that the paper was 
written for electrical engineers and not for the general 
public. We have, for instance, put forward the case for 
electric heating as opposed to that of the coal fire, and 
we have analysed its disadvantages as well as its advan- 
tages. Obviously, in a particular case it is for the indi- 
vidual electrical engineer to apply this information in 
such a way that the maximum service and satisfaction 
are given to the consumer. He states that “most 
people are not in a position to pay for labour-saving.” 
As regards this, we have personally proved that the 
convenience and ease with which the average home can 
be run byelectrical methods dispenses with the use of a 
servant or occasional help, who is usually essential if 
coal fires, etc., are utilized. Also, if the figures are pro- 
perly gone into in such cases, it will generally be found 
that the cost of running coal fires, etc., plus the expense 


of servants, is more than the cost of the current if 


electricity is employed. The primary of the induction 
cooker has a series of tappings which are brought into 
use, according to the heat required, by means of the 
operation of the switches situated at the end of the 
apparatus. 

With regard to Mr. Haslam’s lamp failures, he appears 
to be unfortunate in that he obtains his current from an 
undertaking which does not keep its declared pressure 
within the 4 per cent limits permitted by the Electricity 
Commissioners. He may not agree with the lighting 
requirements advocated in Table 1, but this represents, 
in our opinion, the standard of lighting which should be 
aimed at if we are to have adequate illumination in our 
homes. He considers that we have made an incorrect 
comparison by taking coal costs at a high average and 
electricity at a very low one. We must join issue with 
him here. There are quite a number of supply under- 
takings selling current for heating at 1d. per unit; and 
in the big cities remote from the coalfields, and certainly 
in London, coal is still in the region of 44s. per ton. 
With regard to heating by means of the ordinary 
electric fire, the rough figure we gave of 14 to 2 watts 
per cubic ft. of space only enables one to determine the 
approximate size of radiator required. Obviously, each 
particular case must be settled on its merits. It is true 
that two or more radiators properly distributed in a 
room would give better heating with less current con- ' 
sumption than one large radiator, but can the average 
consumer afford to purchase two or three radiators for 
one room and, in addition, install the necessary number 
of plug-sockets for this purpose? It is also very doubtful 
whether the disposition of the furniture in the average 
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room would permit the installation of more than one 
radiator. Mr. Haslam is in error in thinking that loss 
in weight of meat, due to shrinkage when cooked 
by a coal fire, is given in the paper as only 10 per 
cent. He will find that this figure distinctly refers to 
the loss in the ordinary electric oven and not the 
coal fire. 

We agree with Mr. Smith that the better the installa- 
tion the less are the maintenance charges and the greater 
the satisfaction to the user, but it is difficult to persuade 
the average consumer of the truth of this, because first 
costs seem the most important item to him. 

We find it difficult to accept Mr. Higham’s statement 
that for equal illumination electric lighting at 6d. per 
unit costs twice as much as gas lighting at 5s. per 1 000 
cubic ft. It would be interesting to know whether the 
intensity of illumination was measured accurately with 
a photometer in both cases, also whether the number of 
burning hours were the same and whether the shades 
and fittings employed were of similar character as 
regards design and absorption of light. His reference to 
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the possibility of electrically heated clothes is of interest. 
Personally, we have no experience of them, apart from 
those used in the Royal Air Force during the War. 
These were, of course, of a low-voltage type, and amongst 
other disadvantages one’s person was permanently 
connected to a plug-socket by means of a trailing cable, 
and burn-outs often used to take place. 

We are pleased to see that Mr. Allan is one of those 
engineers who advocate a standard of lighting which is 
both ample and cheerful. 

The figures given by Mr. New with regard to the con- 
sumption of current in an all-electric house are very 
interesting. His suggestion that the use of a “ tank- 
belt ” should be considered if one wishes to make a trial 
of water-heating at low initial cost is useful, although 
we do not think it is advisable to run such an appliance 
“temporarily off the nearest plug.” Such a plug would 
usually be some distance away, possibly in another room 
or in the corridor. No wiring of a temporary character 
should ever be permitted in a bathroom, on account of 
the great risk of shock in such circumstances. 
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ON 


“ HIGHER STEAM PRESSURES, AND THEIR APPLICATION TO THE STEAM 
TURBINE.” * 


EAST MIDLAND SUB-CENTRE, AT LEICESTER, 17TH JANUARY, 1928. 


Mr. L. M. Jockel: The curves on page 90 are 
extremely useful, but their usefulness would have been 
increased if they had included vacua up to at least 
29-3 in. of mercury, as this figure is worked to to-day 
in some of the bigger stations. In my own station the 
average figure for the past year is 29-26 in. with an 
inlet circulating temperature of 51°F. I am quite 
aware of the difficulties met with by the designer in 
dealing with the enormous volume of steam to be dealt 
with at even 29-1 in., and when going from 29-3 to 
29-5 in. the increase in volume is something like 37 per 
cent, assuming for simplicity that the steam is saturated. 
Leaving losses do not present the same difficulty to-day 
as formerly, on account of bleeding, and reasonable 
values for these can be worked to with vacua of over 
29-1 in. Further, on acceptance tests, if the figure is 
much over 29 in. the guarantee corrections may not 
hold, as these are usually limited by the designer and 
assumptions have to be made. On page 91 regenerative 
heating is referred to; if the load on the turbine is not 
too variable and the bled steam is not so much super- 
heated as to affect the efficiency of transfer, very 
appreciable gains can be effected. It is imperative, 
however, that the boiler plant be designed to suit the 
turbine conditions, or the gains may not be realized. 
Taking the authors’ figure of 250 Ib. absolute, this gives 
a drum temperature of 401° F. and, say, 350° F. entering 
the boiler, which only gives a permissible rise of, say, 
100 deg. F. for the economizer or other heating of the 
feed water in the case given. At 500 Ib. boiler pressure 
the drum temperature will be 469° F., and assuming, 
say, 419° F. at the boiler, this leaves a margin of 
169 deg. F. through which the feed water could be raised 
by economizers or other plant, if the initial temperature 
after regenerative heating is- 250° F. in each instance. 
I take it that electrically-driven feed pumps have not 
been assumed throughout by the authors, as a sound 
case can generally be made out for a combination of 
steam-driven and electrically-driven pumps, the exhaust 
of the former being used for feed-heating. Perhaps the 
authors will amplify their remarks on the driving of 
auxiliaries with regard to heat balance. In regard to 
the assumed commercial boiler efficiency of 86-5 per 
cent, I would suggest that this is 1-5 per cent too high 
for present practice, and I do not think that any station 
in Europe has yet attained an annual figure of 86 per 
cent, although the large powdered-fuel boilers in Paris 
reach this figure, I believe, over a week’s operation. 
Turning to the question of interheating or reheating, 
the wetness is a serious matter with high-pressure 
steam, and, apart from erosion of the blading, one gets 
a sort of ‘‘ brake ” effect due to the water fraction being 
at a lower velocity than the steam, so that the efficiency 
of the last stages is appreciably affected. I think that 


* Paper by Messrs. A. H. Law and J.P. CHITTENDEN (see pages 89 and 308). 


interheating will eventually be developed on more 
successful lines than hitherto, and I suggest that a 
revision of the old idea of using superheated steam for 
this purpose offers considerable possibilities. In my 
own experience of reciprocating engines, which goes 
back over 20 years, I can remember the successful 
results obtained with interheating by means of super- 
heated steam. The data in regard to high-pressure 
boilers are most interesting, but the higher pressures 
have involved a certain amount of trouble when riveted 
drums have been used. The forged drum adds enor- 
mously to the cost of a boiler. What is the authors’ 
opinion of welded drums? There is one point about 
higher boiler pressures that the authors have omitted 
to mention, and that is the reduced tendency to priming, 
which is important in regard to both superheat and 
turbine efficiency. | 

Mr. F. Nicholls: The authors have said nothing 
concerning the effects, if any, of the application of high 
steam pressures to the steam turbine. They have shown 
the thermal gain possible with increased pressures and 
temperatures. The gain is not large, but it is in the 
only direction in which we can go. The efficiencies 
given in the paper are based upon 100 per cent load 
factor. Few stations, if any, can ever hope to operate 
with this load factor. In this connection, although not 
relevant, perhaps, to the paper, I should like to ask 
what percentage the authors would allow for load 
variation and stand-by losses. In the plant with which 
I am associated, operating at about 33 per cent load 
factor, the boiler-house losses are approximately 7 per 
cent. For existing plants, the superposed high-pressure 
plant, as is at present being installed at Bradford, would 
appear to offer distinct advantages, if operating on a 
high load factor. The very interesting report from 
Mr. John Anderson concerning the first 12 months’ 
operation of a 1 300-lb. boiler and 7000-kW turbine 
plant at Lakeside, Milwaukee, is an indication of. what 
is likely to be actually gained in this direction. The 
difficulties experienced are not new, and can be avoided. 
From a constructional point of view there would appear 
to be no difficulty, and when the demand for plants 
operating at high pressures increases, then, no doubt, 
the cost will decrease. 

Mr. G. Ezard: Will the authors please state what 
type of joint they would use for high-pressure steam 
ranges on ships. The mechanical stresses set up in 
such pipes and joints are naturally more severe than 


- those in steam ranges erected on more solid foundations, 


and the types illustrated in the paper do not appear 
suitable for marine work. What type of safety valve 
for boiler mounting can one reasonably expect to stand 
up to the high pressures referred to in the paper? 

Mr. E. G. Boissier : One or two of the speakers in 
the discussion have mentioned points upon which 
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perhaps I may be able to give a little information. 


In the first case, looking down the list of stations in : 


the paper we do not find any working at more than 
800° F., -with the exception of the large station in 
Czecho-Slovakia which, apparently, is working at about 
842° to 900° F. Itis not the question of pressure which 
matters but that of temperature. 1 was sorry to see 
that there was no mention of the Largre power station 
at Gennevilliers in which we were very interested and 
for which we manufactured all the feed and steam 
pipework. This station has been working for 6 or 7 
years and we originally designed the plant for 350 Ib. 
per sq. in. and 750° F. After it had been working 
for 2 years it was decided to raise the pressure to 
435 lb. per sq. in., with a corresponding increase in 
temperature. This was raised to 800° F. and the plant 
has been working constantly at that temperature. 
When one increases the pressure it seems to me to be 
purely a question of mechanical strength, but when one 
increases the temperature it is quite another matter 
because there are no commercial metals that will with- 
stand temperatures very much over 800 F. We our- 
selves have carried out experiments and have in our 
possession a curve that we have wo.ked out in regard 
to the question of the effect of temperature on metals, 
and we find that after 800° F. the curve begins to come 
down in a straight line. Not so long ago, while working 
on an experimental boiler, for some period difficulty 
was experienced with the feed water, and the tem- 
perature of the steam recorded in the pipework was 
1100°F. This rather goes to show that we have still 
a great deal to learn. Mr. Jockel also mentioned the 


question of welded drums. In connection with the 
station mentioned above, we originally put in all welded 
vessels 8 ft. high, 48 in. diameter and ly; in. thick, 
and these gave such satisfaction that after about 2 years 
we were asked whether we could not weld boiler drums. 
During a conversation with the engineers recently I 


understood that they are proposing to adopt solid forged 


drums for new boilers. The temperatures and pressures 
on the Continent seem to me to be considerably in 
advance of those in this country, as 600 Ib. per sq. in. 
and 800° F. seem to be becoming a standard pressure 
and temperature for the big stations abroad. Have 
the authors had any experience of working at these 
temperatures and pressures? 

Mr. C. A. Brearley: In recent comments * on the 
operation of a 1 300-1b. per sq. in. boiler it was stated 
that by maintaining caustic alkalinity and using 
evaporated water de-aerated as far as possible, corrosion 
troubles in the boiler have been almost completely 
overcome. In the same article, figures comparing 
300 Ib. per sq. in. and 1300 lb. per sq. in. boilers 
suggest that the corrosive activity of oxygen for the 
same mass of oxygen per cub. ft. of boiler water 
increases with pressure. Can the authors confirm these 
conclusions from data obtained in operating other high- 
pressure boilers? Can they also give the dryness state 
of the steam at the exhaust end of any of the high- 
pressure (upwards of 1000 lb. per sq. in.) turbines 
described in the paper? 


[The authors’ reply to this discussion will be found on 


page 1223.] 
* J. ANDERSON: Engineering, 1928, vol. 125, p. 25, 


MERSEY AND NORTH WALES (LIVERPOOL) CENTRE, AT LIVERPOOL, 23RD JANUARY, 1928. 


Prof. G. E. Scholes: The paper opens with a sum- 
mary of the benefits to be obtained by the use of higher 
steam pressures. It is probably obvious, but it should 
be borne in mind that what the engineer is trying to 
do is to get the maximum temperature-range in the cycle 
of operations followed by the engine. Since the lower 
temperature is that at which the steam is condensed 
and the cooling medium is water, there is a natural 
lower limit imposed by the amount and temperature 
of the cooling water available, and, although vacua of 
29-1 in. of mercury are mentioned in the paper, there 
must be many stations, including those using water 
towers for cooling the condensing water, which are 
unable to maintain vacua of this order. At the high- 
pressure end the limit imposed is largely a metallurgical 
one and progress will be dependent on the production 
at a reasonable price of steels which will stand up to 
high temperatures without serious reduction in the 
tensile strength. The information regarding the Benson 
boiler is an interesting feature of the paper and we shall 
all be glad to know what is the present state of develop- 
ment of this boiler. The fact that distilled water was 
used in the boiler is astonishing and, whilst one appre- 
ciates the necessity of a pure water supply for boilers 
operating at high pressures, it would be a drawback if 
it were essential to use distilled water. Possibly, as 
the plant was experimental, the distilled water was used 


to make sure that scale troubles would not arise. The 
authors might like to explain more fully the reason 
for the paragraph on page 97, where it is stated that an 
upper pressure of 1 000 Ib. per sq. in. is used in turbines 
installed to increase the efficiency of existing stations, 
whilst a pressure limit of 600 lb. per sq. in. is used in 
the case of a new station or section. One would expect 
that new plant would be designed to take the fullest 
advantage of the economies offered by the use of the 
high-pressure steam, and it is not clear why this limita- 
tion should exist. It is evident from the paper that 
the majority of high-pressure turbines are of the impulse. 
type ; perhaps the authors would say what are the 
advantages of this type for high pressures. One or 
two practical points arise in reading the paper. In 
the Escher, Wyss turbine (Fig. 19) the method of 
assembly is novel and ingenious, but it is not clear how 
the diaphragms are held in position after assembly. 
The scoring of valves is discussed and designs are 
described in which the cutting effect of the steam is 
prevented from damaging the seat of the valve. My 
impression was that valve trouble of this type could 
be eliminated by the use of stainless steel. The types of 
joints used suggest that serrated metal-ring packing is 
popular. For such a joint to hold there must be a 
certain amount of penetration by the edges of the 
serration into the metal of the flange. The ability to 
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break and re-make a joint with the same ring is an 
advantage, but unless the ring is replaced in exactly the 
same position it is by no means certain that a tight 
joint will be made. My own experience favours the 
use of a spigoted joint whether the packing is metallic 
or non-metallic. 

Mr. P. J. Robinson: Referring to the chart in Fig. 1, 
apart from the boiler feed-pump and other corrections, 
it may be roundly stated that with 29-1 in. vacuum 
the thermal efficiency at 1 300 lb. per sq. in. is 13-9 per 
cent higher, and at 750 lb. per sq. in. 8-2 per cent higher, 
than at 350 lb. per sq. in., the total temperature of the 
steam in each case being 750° F. At 28 in. vacuum 
the percentages are 16 and 9-3 respectively, and I 
shall shortly refer to these figures again. The paper 
gives no information as to the effect of higher pressures 
on capital costs, and it is well known that the Americans 
are in the position to spend far more on their stations 
for the sake of efficiency than we in this country can 
afford to do. It is appreciated that this information 
is very difficult to obtain owing to the fact that high- 
pressure working has not yet become stabilized. The 
cost of the pressure parts of a boiler and economizer 
is doubled by an increase of from 400 to 1100 lb. 
per sq. in. Considering the total costs of supply (and 
that is what really matters) in the undertaking with 
which I am associated, in 1925-6 and 1924-5 the actual 
coal costs were respectively 0-293d. and 0-293d. per 
unit, the total costs including capital charges of 1-34d. 
and 1-356d. per unit respectively, so that the coal 
costs were 21-9 and 21-6 per cent of the total costs. 
It will be seen that even if we go to high pressures 
the saving in the cost of the unit is at the most 
only 16 per cent of 22 per cent, or 3-5 percent. If 
the corrections in the table are applied it will be found 
that the figure is nearer 2:2 per cent of the actual 
cost of the unit sold to the consumer. On the other 
hand such a high pressure would increase the risks 
of accident and shut-down, and until we know the 
monetary value of such risk we must be very careful 
in adopting extra-high pressures, as electricity supply 
engineers have a very great responsibility in so far as 
they must not endanger continuity of supply. The 
whole of the year’s saving of 2 or 3 per cent may be 
wiped out in a few moments by a breakdown. This 
does not necessarily mean that higher steam pressures 
will not be adopted in the course of a few years, but 
it does mean that considerably more information is 
required as to the operating troubles and the monetary 
value of such troubles. Again, at pressures over 
500 lb. per sq. in. the wetness at the exhaust end 
reaches 10 per cent or more. This increases to 15 per 
cent at 1200-1300 lb. per sq. in. Anything over 
10 per cent wetness will cause trouble with the 


_ low-pressure blading, and reheating is necessary to 


overcome this. Experience of reheating in this country 
and in America would in every case appear to suggest 
that it is an evil to be avoided if possible, and this may 
therefore be a deciding factor in the choice of future 
steam pressures. The authors showed a lantern slide 
with machined nozzle blocks in the diaphragms, and 
suggested that these blocks were confined to extra- 
high pressures, but this is actually a method now 
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adopted by designers for all pressures. In the light 
of experience in this country, one has to be rather 
careful before advocating a high steam pressure. One 
of our most eminent firms of consulting engineers 
built a large station and adopted a pressure of 450 lb. 
per sq. in. with reheating. The same firm built another 
station 18 months to 2 years later, and adopted a 
steam pressure of 350 lb. per sq. in. One can only 
assume that this change of pressure was due to the 
experience gained with the higher pressure, and one 
might also be justified in assuming that considerable 
trouble was experienced with higher steam pressures. 
In the autumn of 1927 I saw many stations on the 
Continent, one of these being near Berlin. One of the 
turbines was dismantled, and 1 was unable to find 
out why. The pressure at this station was 465 lb. 
per sq. in. At another station there was a high- 
pressure set which had also broken down, and I was 
unable to see’ it working. The steam pressure at this 
station was 600 lb. per sq. in., and breakdowns such 
as these weigh very heavily with supply engineers 
when they are called upon to decide whether or not 
high pressures shall be used. 

Mr. F. V. L. Mathias: The gains resulting from the 
use of excessively high pressures are comparatively 
small. It is, of course, impossible to weigh up the 
matter from the operating point of view because costs 
are so doubtful. In the discussion on Mr. Roles's 
paper before the Incorporated Municipal Electrical 
Association at Buxton, the boiler makers stated that 
they had agreed to construct the boiler at a price at’ 
which they would lose money. It was considered as 
purely experimental, and they would not estimate for 
other plants at a similar price. It makes it very difficult 
to form an opinion at this stage because councils and 
other bodies want to see the financial side of the matter 
before they make any decision. Mr. Robinson's 
remarks suggest that the cost of high-pressure plant 
should be less than that of standard plant to-day, on 
account of its unreliability. On page 95 the authors 
mention that in 1820 Jacob Perkins used and advo- 
cated pressures up to 3000 1b. per sq. in. One is forced 
to the conclusion that if such pressures were tried as 
long ago as that, and if they have not made much 
progress since, something is radically wrong. On 
page 96 the authors mention that on a small boiler of 
10 000 lb. per hour the horse-power of feed pumps is 
68 b.h.p. Ina boiler house for 10 boilers each of 100 000 
Ib. per hour (which is not very big to-day) the horse- 
power of the feed pumps will be 6800 h.p., quite a 
serious item. How would the authors run feed pumps 
of that description? The regulation of feed water at 
3 000 lb. per sq. in. is not easy, and feed valves and 
regulators would be a very serious problem. I should 
be glad if the authors would say how far the small 
English Electric turbine shown on page 108 has pro- 
gressed. On page 110 the turbine designed for Bradford 
is specified to run at 6000 r.p.m. through reduction 
gearing, but in Fig. 20 the turbine is apparently driving 
through a coupling with no reduction gearing, so that 
the designers appear to have changed their minds. 
There seems to be considerable doubt on the part of 
the designers of these high-pressure systems as to what 


1212 


DISCUSSION ON “ HIGHER: STEAM PRESSURES, 


joints should be used. A variety of joints are shown in 
the paper and the last one is an electrically welded 
joint. I suppose that is the best of all and is likely 
to be essential for extra-high pressure. At the foot of 
page 116 the breakdowns on this high-pressure plant 
and those on normal-pressure plant are compaied. The 
authors seem to think that this comparison is all in 
favour of high-pressure plant, but I take quite the reverse 
view. The new high-pressure plants have been specially 
made of the best materials and have been carefully 
nursed, and yet the breakdowns are double those in 
the case of old machines which have perhaps been 
running for years. If some of these new super-power 
stations are going to have plant of this unreliable 
type to feed the e.h.t. overhead lines, I am afraid the 
reliability of the supply will fall to zero, while at the 
same time the costs will rise. Soy 

Mr. J. Hamilton: The chart in Fig. 1 is most useful 
as it allows the plant efficiency to be checked in a very 
rapid way. It is also useful as showing the limitations 
of steam in generation. If we regard ourselves as 
manufacturers or refiners, using coal as a raw material, 
taking into account the progress in the last 10 years, 
which is estimated to be an improvement of about 
50 per cent, we are still far from efficient with present 
methods. We are faced with the knowledge that when 
we have done everything possible we have thrown 
away more than half the value of our raw material. 
This points to the necessity for a radica] change in the 
method of generating electricity and getting more value 
out of the raw material. The gain, mentioned in the 
paper, due to raising steam pressures above those now 
being generally adopted in modern stations is, I think, 
analogous to the case of a man who sets out to carry 
water from one point to another in a container which 
leaks. He starts out with, say, 17 000 drops and when 
he has completed the journey he has 3 400 left. He 
cannot repair the leak and wonders how to improve 
matters. After consideration, he decides to speed up 
on the journey, and finds that he can now start with 
only 12000 drops instead of 17000. He has so far 
improved matters that he is now carrying less weight 
to start with, but on the other hand his increased speed 
has caused him to get out of breath. Whether his 
dislike to the necessary hurry can be compared with 
a dislike to increase steam pressure, or his shortage of 
breath to the possible “outage” of plant because 
of unreliability due to the increased pressure, is the 
question; personally I think there is a little of each. 
My opinion is that the time is not yet ripe for pressures 
above 400 Ib. per sq. in. if reliability is desired, and in 
‘this connection a statement recently published by 
probably the pioneer of high steam pressures,. Mr. 
Anderson, is of interest. He said ‘‘ Troubles experienced 
in high-pressure plants are major troubles. These 
troubles are not altogether due to turbines, but are 
certainly serious as regards boilers, and on boiler plant 
in 11 months there had only been 50 days’ continuous 
operation in one stretch.” The question of the purity of 
feed water with higher pressures is very important. 
I think Mr. Anderson was using steam from 300 Ib. 
per sq. in. boilers as make-up and, while he had no 
trouble with the boilers at this pressure, at higher 


. tends to relieve the stress on the nuts. 


. pressures he found that scale +! in. thick formed, and 


this was sufficient to cause tube failures. To utilize 
super-pressures on .a straight-through turbine - to 
29 in. vacuum introduces water trouble on the low- 
pressure machine. In a recent paper it was estimated 
that the water passing through a 40 000-kW set would 
be 33 tons per hour. In a case like this it is essential to 
introduce reheating with all its attendant evils. Regard- 
ing the question of the best type of joint, our experience 
is that the Navy ring is not by any means infallible. 
If there is a leak the grooves have to be recut and it is 
generally necessary to reface the flange; this may be 
very awkward if the flange is on a long length of pipe. 
So far as jointing is concerned, we have had good 
results from chrome-nickel joints with fine corrugations. 


The authors raise the question of bolts; these give 
serious trouble in joints. One of the London power 


stations is now introducing a stud with a nut at each 


‘end. The diameter of the stud is reduced to the area 


of the bottom of the thread in the body, and a central 
portion of full area is left to centralize the stud. This 
All joints are 
generally tightened with the aid of a hammer, and if 


| bolts are used as at present the thread gets strained 
on the bolt and the nut will not come off. Even with 


present pressures there is great room for improvement 
in valves before valve trouble can be said to have been 
overcome.- I know of only one valve which has given 
any satisfaction as a drain valve. The whole secret 
lies in the metal used for valves and seats. Higher 
pressures point to valve bodies being forgings in almost 
every case, as with steel castings it is impossible to 
say for two or three years whether the casting is sound. 
When troubles occur after this period the castings have 
been faulty initially but have had sufficient skin to 
be steam-tight. 

Mr. W. J. Kearton : It seems to me that the most 
interesting and important aspect of the subject of 
high pressures relates not to the turbines but to the 
problem of generating steam. At the beginning of the 
paper mention is made of the Löffler system and I 
should like to refer to it. Fig. O shows a Löffler steam 
generator. A feed pump delivers water into an econo- 
mizer, from whence the hot water passes into the 
evaporator. In here it is evaporated by jets of super- 
heated steam delivered by the superheater. The 
saturated steam so produced is then withdrawn from 
the vapour space by a pump and delivered to the super- 
heater, which really replaces the tubes of an ordinary 
water-tube boiler. Part of the superheated steam so 
produced is then delivered to the turbines or engines 
and the greater part sent to the evaporator to supply 
the necessary heat for the vaporization of the water. 
The main claim made by Löffler is that the troubles 
due to unequal heating and imperfect circulation in 
an ordinary boiler are eliminated, because the evaporator 
is not exposed to the hot gases. It is claimed that a 
boiler normally suitable for 450 lb. per sq. in. pressure 
is suitable, under these conditions, for a pressure up to 
1 500 lb. per sq. in. It seems to me that in an ordinary 
water-tube boiler, where.there is a very active circula- 
tion, the temperature of the steam drum and the con- 
tained water must be practically uniform and there 
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are not such strains as are supposed.to exist. The 
Löffler system would appear to have definite disadvan- 
tages. Consider first the steam circulating pump which 
has, it is said, to deal with about 34 times the volume 
of steam actually supplied to the turbines. This is a 
large volume and although the. pressure difference is 
probably not large, being mainly the pressure-drop in 
the superheater tubes and that necessary to force the 
steam through the water in the evaporator, it must 
be borne in mind that the pump has to work against 
the full pressure of 1 500 lb. persq.in. Another difficulty 
is the possible risk of overheating the tubes if they are 
not protected, with consequent scaling. If the tubes 
are protected then we lose a valuable part of the heating 
process in the boiler, viz. radiation. Can the authors 


Eeonomizer 


made for the work done in pumping the fced water. 
into the boiler, a theoretical thermal efficiency of 42-4 
per cent was obtained. Allowing a plant efficiency of 
60 per cent (which was perhaps a little high) the brake 
thermal efficiency was about 25 per cent, a result very 
little better than for a normal 1 0001b. per sq. in. plant. 
Presumably the main advantage of the Benson cycle 
was the elimination of the boiler steam drum. An 
obvious disadvantage is the very small thermal capacity, 
which would make it very sensitive to changes of steam 
demand, and it would be interesting to know whether, 
during the tests at Rugby, any experiments were made 
to test the behaviour of the boiler under rapid changes 
of load. In conclusion I should like to ask the authors 
whether any special precautions are taken with the 
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Fic. O.—Lé6ffler system of steam generation. 


give any additional information relating to this system ? 
There is one possible advantage of the system which, 
so far as I am aware, has not been mentioned elsewhere. 
By arranging a battery of evaporators in parallel a 
high thermal capacity could easily be secured. Mention 
is also made in the paper of the interesting Benson 
process, but no figure is given for the thermal efficiency 
of the process. At the time the Benson process was 
first made public I drew out a 0/4 chart to represent 
the cycle. I could not find any data relating to the 
specific heat of superheated steam at the critical pressure 
and it seemed to me that a very high degree of superheat 
would be necessary to prevent the steam from becoming 
wet during the change from the critical pressure to the 
pressure of supply to the high-pressure turbine. Since 
then a chart prepared by Dr. Mollier gave a constant- 
pressure line through the critical point and from it I 
deduced that a moderate degree of superheat—only 
about 44 deg. F.—would ensure that the steam would 
be just dry and saturated after throttling. It was 
interesting to note that the mean specific heat for this 
range was no less than 5-66. When allowance was 
VOL. 66 


horizontal joints of super-pressure turbines or whether 

the ordinary scraped metal-to-metal joint is relied on. 
Mr. R. G. Devey: It is well known that those 
responsible for generating electricity consider that the 
overall thermal efficiency is very low, and I gather 
that there should be no nervousness about the use of 
higher steam pressures. I have also taken the view 
that a pressure of 1000 lb. per sq. in. would be quite 
satisfactory, provided that temperatures are not raised 
to much above their present values. 1f higher tempera- 
tures are likely to be used, the matter would appear 
to be a metallurgical problem. 1 should like to ask 
the authors whether, at pressures of 1 000 Ib. per sq. in. 
or higher, distilled water is supplied to the boilers; 
this I think is very necessary. Given distilled water, 
with reasonable furnace temperatures there is not much 
to worry about; it is just a question of development. 
Inote that the temperatures used for high-pressure 
turbines are round about 750° F., and it would appear 
that present-day materials can stand up to this tempera- 
ture for a considerable period. Higher temperatures 
would give distortion of metal, growth, etc. Can the 
| 78  * 
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authors confirm that there is likely to be no distortion 
of metals at 750° F.? Regarding the introduction of 
superposed high pressures to improve the overall 
thermal efficiency, before adopting a higher pressure 
I should like to ask whether existing plants—which 
have cost a considerable sum of money—can be modified 
to improve their overall thermal efficiencies. A two- 
cylinder machine would have a fairly low pressure 
between the high- and low-pressure cylinders, and I 
should like to ask whether consideration has been given 
to improving the thermal efficiency from the point of 
view of reheating at these low pressures, and whether 
this has been done on existing plants before going 
forward with proposals for higher-pressure. working. 
I note that with pressures of 250 lb. per sq. in. reheating 
will give an increase in plant efficiency of 6-4 per cent 
with 1 000 lb. per square inch—superposed 12 per cent. 
These are excellent figures and I think they would be 
worth attaining. With existing single-cylinder machines 
would it be possible and practicable before changing 
over to a higher pressure to consider changing the turbine 
casing, if not the rotor, so as to tap it at 75 lb. to take 
steam away for reheating? Reference is made in the paper 
to an industrial plant of Messrs. Siemens, Schuckert, 
where steam to process work is used. What was the 
steam pressure? In a direct electrical generating 
station the make-up water is usually about 3 to 4 per 
cent of the whole, and there would be no difficulty 
in handling this amount of water to obtain steam from 
make-up distilled water. However, in process-work 
with the higher pressures and the make-up of, say, 
100 per cent, is it a commercial proposition to employ 
the higher pressure? The obvious way to overcome 
the difficulty would be to use evaporators, but this 
might not be commercially possible. In connection 
with the Benson boiler, the authors show that the 
amount of power required to drive the electric feed 
pump is increased owing to the high steam pressure. 
If the feed pump were steam-driven, and if the exhaust 
steam were used for boiler feed-water heating, then the 
additional power required for the higher pressure would 
not be a serious item. 

Mr. H. Midgley: As a means of saving time and 
readily comparing the different conditions, the chart 
in Fig. 1 is almost as valuable as a slide-rule to the 
engineer engaged on power-station layout. I would 
suggest that where plants at higher pressures such as 
1 100 lb. per sq. in. have been superposed on existing 
plants working at, say, 300 lb. per sq. in., i.e. where 
the McNaughton principle has been adopted, the idea 
in the minds of the engineers has been a wish to try 
out higher steam pressures with a minimum of capital 
cost rather than a wish to increase the overall station 
efficiency. The modern tendency of boiler design is 
towards the use of water-cooled combustion chambers, 
and where the ash hoppers are also water-cooled the 
furnace temperature is then on the upper side of the 
tube, which is a severe test of freedom of circulation. 
Now, to increase the working pressure from 350 to 
1 100 1b. per sq. in. means a rise in water temperature 
(i.e. saturated steam temperature) from 438” F. to 
560° F., and the latter figure is much nearer to the 
yield point of the metals now in use for tubes, so that 
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where there is a danger of the circulation being unsatis- 
factory the. metal of.the tubes will require careful 
attention. One feature that has not been dealt. with 
in the paper is the question of the space required for a 
given output with plants at different pressures, and I 
suggest that it would be very useful if the authors 
could, in their reply, give a diagram showing.the space 
taken up by, say, a 40 000-kW set with the. necessary 
boiler plant, with steam at 300 and 1 100 lb. per sq. in. 


` respectively, There is, I think, not much doubt that 


the gains in efficiency mentioned at the beginning of 
the paper are theoretically possible, but the important 
question is what is likely to be the actual monetary 
value of the risks entailed with higher pressures. For 
example, although the station engineer may feel a 
certain sense of uncertainty with higher-pressure plant 
—a feeling which may prejudice him against such 
higher pressures—this is not necessarily a financial 
charge, and those responsible for installing such plant 
are concerned with the actual costs due to break- 
down, ‘outages,’ and ‘repairs and maintenance, 
and further information in: regard to these is essential. 
The paper could, I suggest, with advantage form one of 
three on the subject of higher steam pressures. The 
second paper would be on similar lines to the present one, 
dealing with the boiler side of the problem, and the 
third paper should be a record of the troubles, difficulties 
and operating costs entailed by operation at higher 
pressures. Such papers would have to tell the truth, 
and the whole truth, to be of service, but the information 
contained in them would put power-station engineers 
in a much better position to decide for themselves the 
question of economical working pressures. 

Mr. A. E. Malpas : It is of peculiar interest to know 
that Jacob Perkins 100 years ago designed and, it is 


-to be hoped, constructed a uniflow engine to work at 


1400 lb. persq. in. and 1 000° F. With the materials 


and machine-shop methods available at that date he 


must have had a sorry time in the running of the plant, 
but not so much so as to deter his grandson from 
following up the work on similar lines. With coal at 
3s. per ton, as was then the case, there could not have 
been very much inducement to strain after the utmost 
limit of economy. The price of fuel would in fact seem 
to be the crux of the whole question at each stage of our 
progress. To-day, for instance, when the charge to 
consumers for power is in the neighbourhood of 14d. 
per unit and for lighting, say, 5d. per unit, the cost of 
fuel at the power station will approximate to 0-15d. 
per unit, so that a saving on fuel at the power station of 
5 or 8 per cent would hardly affect the consumer at all. 
In fact the increase in capital charges might possibly 
more than compensate for the increase in fuel economy. 
Instances might be quoted where a step taken towards 
more ideal conditions in a municipal power plant had 
led to such high power charges that individual consumers 
had found it profitable to install power plant of their 
own. However, as the price of fuel in this country 
increases, as it must in the nature of things do continu- 
ously, so the value of increased economy due to whatever 
causes must increase also. One of the most fruitful 
sources of economy is of course an increase in the size 
of units, which in turn becomes justified only by increase 
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in load. Larger units then lend themselves to extra 


refinements in the way of higher steam pressures and 


temperatures and the complications of reheating and 
bleeding for raising the temperature of the feed. It is 
interesting to note that the General Electric Co. of 
America have under construction a set to give 208 000 kW 
maximum continuous rating, and it is to be hoped that 
the result will justify the very large advance that has 
been made over any previous experience. Considerable 
interest was aroused some four or five years ago on 
the scanty information then available with regard 
to the Benson boiler producing saturated steam at its 
critical point of 3200 lb. per sq. in. and 706°F. It 
comes somewhat as a surprise to learn of the advance 
made since then in that method of steam generation, 
although Serpollet in the early days of the motor car 
was evidently working on similar lines with his flash 


boiler, but to apply the method to really large units 
is a distinct advance and it is a matter for congratulation 
that in this country we are at last to have an example 
of the ‘‘ superimposed high pressure ” system working 
on the 2 500-kW scale with a Benson boiler. I recall 
the early days when two of the earliest Parsons sets 
were brought into the repair shops with the blading 
stripped. They were of 5 kW each and fitted to portable 
boilers for generating current for lighting purposes at 
the dock side. The step from then to now is something 
to be wondered at, and in the interim the power-gas 
proposition has seen its rise and fall. At the same time 
it is a pity that 80 per cent of the heat value of the fuel 
should be thrown away in the condensing water and all 
the valuable by-products of the raw coal lost. 


[The authors’ reply to this discussion will be found on 
page 1223.] 


WESTERN CENTRE, AT BRISTOL, 13TH FEBRUARY, 1928, 


Mr. P. J. Plevin : In Section 8 the authors state 
that “if the introduction of higher pressures means 
greater economy, then the ultimate cost of high-pressure 
plant will adjust itself to meet such conditions.” Since 
only heat economy can be intended, the inference does 
does not seem to be quite logical, because the price of 
plant having high heat economy must perforce reflect 
the heavy additional cost of manufacture resulting from 
the use of the higher pressures and heat-saving devices 
needed to enable such economy to be obtained. More- 
over, the very fact that the plant possesses superior 
economy naturally gives it a higher market value than 
its inferiors in this respect. The reductions in cost 
hinted at by the authors—such as those resulting from 
the smaller sizes of boiler houses and condensers 
employable at high pressures—tend to reduce the ratio 
between the prices of plant for high and more normal 
pressures, but are insignificant when considered as a 
proportion of the increase in cost of boilers and prime 
movers. While it may be expected that extension of ex- 
perience with high pressures will lead to reduction in this 
ratio, it may not unreasonably be presumed that the 
superior economy of high pressures will not be obtainable 
without material increase in price. The curves in Figs. 6 
and 7 indicate substantial gains in overall plant efficiency 
to a point well up in the scale of pressures. Efficiency 
is not, however, the only condition to be considered 
in an installation the primary object of which is the 
production, at a profit, of electricity at the lowest 
possible price to the consumer, and interest on, and 
amortization of, capital expenditure must also be taken 
into account. Although the question of cost has 
purposely been avoided by the authors, it has, in 
conjunction with fuel cost and load factor, a marked 
effect on the determination of the most suitable pressure, 
and these factors may reduce the economic pressure to 
a much lower figure than might be expected from the 
curves. Table 4 serves as an illustration of the inci- 
dence of load factor on selection of pressure. Out of 
the 13 plants cited, six are American and only one 
British, thus indicating that the high load factors which 
obtain on American supply systems justify heavier 


capital expenditure on high-pressure plant than is 
warranted by the lower load factors which obtain on 
our own systems. All the pressures stated on this table 
are fairly uniform, with one notable exception, that -of 
the Erste-Brunner set, which is three times that of the 
others. The stop-valve temperature of this set is also 
considerably higher than the others (which are nearly 
uniform at a figure approximating to present ideas of 
limiting temperature). Can the authors give any 
information regarding the fuel, load or other conditions 
which led to the adoption of a pressure apparently so 
far removed from the economic limit, and as to the 
materials which enable so high a temperature to be 
used? The raising of the temperature limit is of first 
importance, because, at constant temperature, the degree 
of absolute superheat diminishes as the pressure rises. 
At a low temperature limit the degree of superheat at 
the higher pressures is therefore comparatively small, 
and the wetness of the steam at the later stages of the 
turbine becomes excessive. If the limiting temperature 
can be raised, the greater degree of initial superheat 
available may reduce wetness to such limits that re- 
heating, with its attendant drawbacks, may perhaps 
not be necessary. It appears that interheating is 
provided for in the case of the Erste-Brunner machine, 
but this is probably because the degree of absolute 
superheat, at the high temperature employed, does not 
suffice to keep wetness in the low-pressure cylinders 
within limits, due to the very high pressure of the 
steam. The extension in the range of available heat- 
drop due to rise in pressure is of great service where 
back-pressure or “‘ bleeder’’ turbines are concerned. 
If preconceptions in favour of the condensing super- 
station were cleared away, one can visualize the employ- 
ment in suitable localities of units of this type to give 
public supplies of steam for heating purposes as well 
as electricity, and located at the centre of gravity of 
the load so as to minimize transmission losses. These 
units would be small in comparison to the condensing 
plants described in the paper and would probably cost 
more per unit of output, but they would be vastly 
more efficient, because their effective use would enable 
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the bulk of the 50 per cent of heat now rejected to the 
cooling water. to be utilized. | 

Mr. T. S. Wallis: The authors have referred to 
high-pressure plants, and from the lantern slides shown 
I note that the boilers.are all oil-fired, so that any 
saving effected by the use of the high-pressure steam 
would be overwhelmed by the extra cost of the fuel. 
I have had the experience of a change-over from 160 
to 250 lb. per sq. in. and, from a steam-range main- 
tenance point of view, we knew that the change had 
taken place, and I trust that a change-over to 1 200 1b. 
per sq. in. would not be proportionately felt, 

Mr. C. B. Thompson: What are the economies 
effected, expressed as a percentage, on the saving of 
heat units usually lost in the condensing water, e.g. with 
steam at pressures of 200 and 1 000 lb. respectively and 
both at temperatures of 750° F.? 

Prof. D. Robertson : What is the present position 
with regard to the mercury-vapour turbine which was 
invented a number of years ago, and which seems to 
have been tried out recently on quite a large scale? 
This turbine has the advantage that it can employ high 
temperatures without excessive velocities in the vapour 
jets, so that the turbine is quite a simple one. It would 
be of considerable interest to learn whether there is any 
probability that tre scheme will ultimately become a 
practical proposition. 

Mr. S. B. Haslam : It does not seem very long 
since the late Mr. George Hann of the Powell 
Duffryn Co. decided to put in new boilers to work at 
250 lb. pressure, much against the advice of the boiler 
makers. He told me and others at the time that he 


NORTH MIDLAND CENTRE, AT 


Mr. T. Roles: I think that as a result of the papers 
which have been read on the subject of higher steam 
pressures, and of the interest taken in the matter, very 
few power stations, if any, will from now onwards be 
put down for pressures which we considered to be high 
some 5 to 10 years ago, i.e. 200 to 250 lb. per sq. in. 
Higher pressures are already being used in connection 
with many new stations in this country, and a very wide 
range of pressures has been chosen by the different 
engineers responsible for their design, showing that 
opinions vary very considerably as to what pressures 
should be adopted. The first station for which a 
markedly higher pressure was chosen was the North 
Tees station of the Newcastle-upon-Tyne Electric 
Supply Co. That station was put down about 10 years 
ago with boilers designed for a pressure of, 1 believe, 
475 lb. per sq. in., and there is no doubt that, as the result 
of the experience gained there, some very useful infor- 
mation must have been obtained in the use of higher 
pressures. It was some considerable time before other 
Stations in this country adopted a pressure anything 
like that at North Tees, but a number of stations were 
put down in America in which pressures of from 500 lb. 
to 600 lb. per sq. in. were utilized. Then the Edison 
Illuminating Co. of Boston, U.S.A., took a very definite 
step forward by installing a large boiler to work at a 
pressure of 1 200 lb. per sq. in., and they were followed 


was convinced that the time would come when steam 
pressures of from 400 to 500 lb. would be common. It 
appears to me that the greatest possibilities of research 
lie along the lines of increased temperature. At present 
I think that no‘one has much experience, especially 
over any length of time, of steam superheated above 
750% F. One colliery in South Wales has installed the 
necessary plant to give this superheat but I understand 
that, as they get trouble above 700°F., they work 
below this temperature. The problem is chiefly one 
for the metallurgist. Engineering to-day is more than 
ever dependent on the scientific study of metals and 
their properties, and it is undoubtedly the advance in 
metallurgy which has enabled the high pressures and 
temperatures referred to by the authors to become 
commercial propositions. If the metals as known to 
a previous generation had to be used in connection 
with steam at a pressure of 1 200 lb. per sq. in., super- 
heated to 800° F., power stations would be about four 
times the size, and costs would make such conditions 
impossible. 

Mr. E. T. Davies: Is it absolutely necessary to 
purify ordinary town water when using the high pressures 
and temperatures referred to by the authors? 

Mr. C. T. Allan: Knowing the success of Dr. 
Ferranti’s method of domestic heating by utilizing the 
cooling water of the cylinder jackets and exhaust pipes 
of an oil engine driving an electric generator, is the sale 
of exhaust steam for commercial and domestic heating 
probable in Great Britain ? 


[The authors’ reply to this discussion will be 
found on page 1225.] | 
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by the Milwaukee Co. which put in a boiler of still 
larger capacity suitable for working up to a pressure of 
1 400 lb. per sq. in. The authors of this paper record 
that a pressure of 2 500 lb. per sq. in. is being used in 
one Continental station and 1300 lb. at Mannheim. 
Having regard to the different pressures which are now 
being utilized, it would appear very necessary that an 
engineer who is putting down new generating plant 
should go very carefully into the whole subject before 
deciding upon the pressure likely to prove most suitable 
to the particular case with which he is dealing. The 
pressure which should be adopted will be found to depend 
on a number of factors, the chief of which are perhaps 
the cost of the coal to be used for steam generation, the 
cost and load factor of the generating plant, and the 
method in which the high-pressure steam is to be used. 
The question of the cost of coal is one which should be 
very carefully considered as, in view of the fact that 
during recent years the price of coal has dropped so 
much, it is very doubtful whether at the present time the 
use of higher-pressure steam would be justified in a 
number of cases in which such use would have proved 
economical a few years ago. On the other hand, I 
think we all recognize that coal is not likely to remain 
very long at its present low price, and therefore we 
cannot take the existing state of affairs as to coal prices 
as a criterion of what the position will be in.a year or 


| 
| 


AND THEIR APPLICATION "TO THE STEAM TURBINE.” 


two’s time. If this is agreed, one would be justified in 
adopting a higher pressure than would be indicated by 
the use of present figures as to coal prices. Incidentally, 
I would remark that low coal prices are not beneficial 
to the electrical industry. We all, of course, try to buy 
our coal.as cheaply as possible, and should do so, but 
when the price of coal is low there is not so much likeli- 
hood of obtaining new consumers as there is when the 
price of coal is high. This is partly due to the fact 
that the coal item does not represent so large a pro- 


‘portion of the total cost of producing electricity as it 


does in the case of gas, and partly because in respect of 


‘many industrial power plants the cost of coal is practically 


the only expense which concerns those responsible for 
their operation, as the capital cost of such plants has 
been paid off. Therefore, when the price of coal is low 
it proves cheaper to the owner of such a plant to maintain 


it in use than to install up-to-date economical plant or 


to adopt electrical driving, as the capital charges involved 
on the expenditure on new plant or, otherwise, the cost 


of electricity, would more than counterbalance any 


saving in the coal bill obtained by the adoption of modern 
methods of driving. An increase in the cost of coal 
does not proportionately increase the cost incidental to 


generating a unit of electricity, as the capital charges on 


the works and distribution system are affected but little, 
if at all; so with higher coal prices competition can be 
more easily met. With reference to the cost of high- 
pressure equipment, it is apparent, having regard to 
the necessity of using forged steel drums, thicker tubes 
and sections, and the greater care required in its con- 
struction, that a high-pressure boiler must cost more 
than one of similar evaporative capacity designed for a 
normal pressure. There is as yet, I believe, no reliable 
information available as to what are likely to be standard 
prices of boilers for differing pressures, but I understand 
that the price of high-pressure plant is dropping as more 
plants are being put into commission and further 
experience is gained as to the costs of manufacture. It 
is of importance what when making comparisons as to 
cost as between plants suitable for different pressures, 
such comparisons should be made on the basis of kilo- 
watt output, otherwise the advantages due to the use of 
the higher pressures will not be properly taken into 
account, 

Mr. W. S. Burge: I should be glad if the authors 
would give some information on the output distribution 
between the various turbines of a multi-cylinder machine. 
With the increasing use of steam extraction the high- 
pressure turbine is becoming relatively more important 
than the low-pressure turbine, and 1 should like some 
further information on the advantages of the built-up 
rotor as compared with the solid type of rotor. 

Mr. J. N. Waite: The present time appears to be 
opportune to make a plea for agreement to be reached 


on the values given in various steam tables for the various ' 


properties of steam; otherwise there can be no close 
agreement as to what is the theoretical gain accruing 
from higher steam pressures, higher temperatures, and 
the application of reheating. It is quite time that the 


leading engineering institutions of the world co-ordinated : 
the known data, agreed upon the values to be used, and — 


issued a set of steam tables which. would be.used by all 
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concerned. In my opinion Mr. Roles is correct in fore- 
casting that the general tendency in the immediate 
future will be for the price of coal to rise. The higher 
the price of coal the more important it becomes to 
electrical power engineers to get the most out of each 
pound of coal. The authors mention that some engineers 
claim that a boiler test-efficiency of 86:5 per cent is 
impracticable, but 89 per cent is actually obtainable if 
the necessary recuperative heating surface is installed. 
At the present time it would not be economical to go 
much higher than 86 per cent. The change from large- 
diameter turbine wheels to small-diameter wheels has 
been of great assistance to turbine designers in the 
utilization of high-pressure steam. With the old design 
of turbine having large-diameter wheels, the gain due to 
increased heat-drop would have been partly negatived 
by the increased friction loss at the higher density. 
The question of high pressure is closely allied to the 
question of high temperature. The higher the initial 
pressure and the higher the efficiency ratio of the turbine, 
the greater is the amount of water in the low-pressure 
stages, and therefore the blade efficiency falls and the 
blade erosion increases. So far as erosion is concerned, 
it appears reasonable to believe that there is a critical 
amount of moisture above which erosion takes place at 
a much more rapid rate. The simplest way of keeping 
the moisture content down is to increase the initial 
steam temperature, but unfortunately the upper limit 
of steam temperature has already been reached with the 
present constructional metals, and therefore no relief in 
this direction can be obtained until new metals are 
available at an economic price. The alternative to 
increased initial temperature is reheating between stages. 
At present reheating appears to be the Cinderella of 
power engineering so far as this country is concerned, 
although it is being employed in other countries. Some 
years ago 1 carried out some tests which convinced me 
that the theoretical gains accruing from reheating 
could be obtained in practice. The reheating in this 
case was by means of heat exchangers, the heating 
medium being live steam. This method is relatively 
cheap and removes the chief objections which arise 
when the reheating is done by the main boilers. The 
thermal gain accruing from reheating, although well 
worth while, is of secondary importance compared with 
eliminating blade erosion and the maintenance of good, 
smooth blade surfaces. The water could be partly 
drained away by departmental draining. This is a field 
which is just being explored. By this means it should 
be possible to free the blades in each expansion from all 
water except that formed in that particular expansion. 
Mr. W. R. T. Skinner: The authors’ Fig. 1 is 
admirable from the point of view of giving quickly the 
efficiency of the Rankine cycle over a wide range of 
temperature, pressure and vacuum, but from the point 
of view of getting a general idea of the “* shape ” of the 
functions involved it is instructive to fix a definite value 
of vacuum and to plot available heat, adiabatic heat- 
drop and Rankine efficiency against pressure for a 
number of total temperatures. Such a procedure might 
well be adopted when considering the revision oí steam 
conditions at an existing station, or when planning a 
new station, for which the probable average vacuum. 
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would be fairly well known beforehand. Figs. P to S, 
derived from Callendar’s enlarged steam tables, are 
based on a vacuum of 28°98 in. (back pressure 0-5 lb. 
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per sq. in. abs.). In the remarks which follow it is 
assumed that temperature is fixed, as, indeed, it must be 
fixed, by the limitations of materials rather than by 
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work to be done in the boiler. Fig. Q shows the adia- 
batic heat-drop per pound of steam and indicates that 
although higher pressures mean the addition of less heat 
in the boiler, there is nevertheless an increase in the 
amount of heat available for conversion to. mechanical 
work. The ratios of the quantities shown in Fig. Q 
to the corresponding quantities shown in Fig. P, i.e. 
(adiabatic heat-drop)/(available heat), enable Fig..R to 
be plotted. This corresponds to Fig. 1 of the paper, 
although it is for one vacuum only. It indicates clearly 
that at a given total temperature each advance in pressure 
Means an increase of ideal efficiency, although the incre- 
mental gain falls off as the pressure is increased. Unfor- 
tunately, in the actual turbine a number of inevitable 
losses tend to increase with pressure and must be esti- 
mated before any useful calculations of the economy of 
working conditions.can be made. The proportion of the 
Rankine efficiency which can be realized in practice, or 
the efficiency ratio, has been estimated by the authors 
and shown in Fig. 5. Fig. S shows the authors’ figures 
plotted alongside similar estimates by other authorities. 
The curves are not absolutely comparative because they 
are based on different vacua and different total tempera- 
tures, but to me their striking feature is the way in 
which they flatten out towards the higher pressures, 
indicating that the efficiency ratio at 3 000 Ib. per sq. in. 
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thermodynamic considerations. Available heat, shown 
in Fig: P, may perhaps be visualized best as the heat 
to be added in the -boiler to convert 1 Ib. of condensate 
to steam at the required stop-valve conditions. Although, 
strictly, this applies only to the Rankine cycle the 
diagram does show that the tendency of advancing 
pressures—at any given temperature—is to reduce the 


will be very little lower than at 2 000 Ib. per sq. in., despite 
the fact that at the former pressure practically the whole 
of the expansion will be carried out with wet steam. 
When it is remembered that with existing methods of 
construction, disc friction, blade tip and diaphragm 
leakage losses, gland losses and losses due to wetness all 
tend to increase with pressure, I should have thought 
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that actual test-efficiency ratios would have traced a 
curve shaped more like the one shown dotted, although 
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vol. 144, .p. 605). 


this may be rather exaggerated as regards actual values. 


‘I should like to have the authors’ considered opinion 


as to the probable trend of the actual efficiency ratio, 
by which I mean the efficiency ratio which takes into 
account all losses and corresponds to a thermal efficiency 
such as would be obtained from tests. 

Mr. J. W. Longley: The value of the paper would 
have been enhanced if the authors had given some idea 
of the troubles that are likely to arise with high pressure. 
There will probably be difficulties in the first place with 
joints. There will be difficulties with valves. Some 
American stations have valves to protect valves and 
further valves to protect them. In some cases there are 
4 different sets of valves on one pipe. I think it is 
accepted now that the proportion of high-pressure plant 
to use is probably one-fourth of the total amount of the 
plant. A' great deal has been said on the subject of 
reheating. I do not think that reheating has been given 


‘a fair trial, but on. the other hand I believe that it is 


much better to use as high a temperature as possible 
in the high-pressure plant and so avoid reheating. 
Some engineers appear to doubt whether high-pressure 


plants will retain their efficiency. 1 myself fail to see 


why a properly designed and well-built high-pressure 
plant working in conjunction with low-pressure plant 
should not maintain its efficiency quite as long as an 
ordinary medium-pressure turbine. The drawback will 
be the additional power required for driving the auxil 

iaries. The small plant we are putting down in Bradford, 
working at 1 100 Ib. pressure, will, I understand, require 
a boiler feed-pump taking 500 h.p. to drive. 
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Mr. C. S. T. Paul : I gather from the paper that in 
the new Klingenburg power station, near Berlin, reheating 
of the steam after expansion in the 70 000-kW units is 
not employed, in order to keep the turbine plant as 
simple as possible. It is interesting to note that the 
exhaust pressure from the larger units is very nearly the 
correct pressure (see Fig. 3) at which single-stage re- 
heating should be adopted to obtain a maximum gain 
in thermal efficiency due to reheating. The system of 
regenerative feed-heating by using the whole of the 
steam from the smaller units is rather unique and I 
should like to have the authors’ opinion on this method. 
Fig. 23 shows the percentage loss for various blade 
heights for reaction and impulse stages. Does the lower 
curve for reaction stages with axial clearance represent 
that for the “‘ end-tightened ” type of blading as used in 
the Parsons turbine? If this is the case, the difference 


SCOTTISH CENTRE, AT GLASGOW, 


Mr. E, Seddon: It is just 20 years since I heard Mr. 
Law, in association with Mr. Stoney, read his paper 
on ‘‘ High-Speed Electrical Machinery,” and it is interest- 
ing to find that even an expert like Mr. Law did not 
foresee the rapid development which is now taking place 
in regard to the very large generating sets mentioned in 
the paper. This is what Mr. Law thought of the future 
20 years ago when he made the following statement after 
referring to two 5000-kW sets then building for the 
Sydney tramway undertaking: “* As regards the future, 
it is hardly possible that progress will be quite as rapid 
as it has been in the past, but it is certain that still larger 
turbo-units will be built . . . and in their design many 
problems will be encountered which will demand the 
highest skill of the scientist and the engineer.” I trust 
that in another 20 years’ time we shall have an oppor- 
tunity of reviewing the forecast made in the present 
paper. The paper now before us deals principally with 
the increased efficiency obtainable in power stations by 
the use of high-pressure steam as compared with the 
medium pressures in more general use. In practice 
there is no serious engineering difficulty in designing 
plant for increased steam pressures, as these can be met 
by increased thickness of material, but when it is con- 
sidered that a pipe 100 ft. in length passing steam at 
700° F. is 64 in. longer than in its cold state at, say, 
60° F., we realize that higher steam temperature is likely 
to cause much more concern than increase of pressure. 
When the extension of the Portobello station was under 
consideration I gave some thought to the. question of 
adopting a higher steam pressure, and, whilst the im- 
proved efficiency resulting from the use of a higher 
pressure was attractive in lowering works costs, I came 
to the conclusion that the increased capital charges on 
the plant, together with the added complications of 
working two separate steam systems, did not justify 
a change from the existing steam conditions, which are 
300 lb. pressure and 700° F. total temperature. It 
must not be forgotten that with a common system of 
generating plant the ratio of spare plant to the 
total capacity becomes less as the station increases in 
size. If I had to design a complete new station at 


_ the capital cost lower. 
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between the percentage loss of the “ end-tightened ” 
blading and the impulse type appears to me to be 
larger thaniI should expect. | 

Mr. E. S. Bolton : I have seen it stated that the cost 
of boilers for pressures of 600 Ib. to 1 000 lb. per sq. in. 
is over 100 per cent more than for a pressure of 250 lb. 
per sq. in. If we were to go gradually from 250 Ib. to 
300 lb. per sq. in. and then from 300 to 350 Ib. per sq. in., 
the boiler makers would have a chance to get more 
experience with higher-pressure work, and with the 
increased demand the boiler would become cheaper and 
I think this would be better 
than jumping from pressures of 250 Jb. to 600 lb. per 
sq. in. at the present time. 


[The authors’ reply to this discussion will be 
found on page 1225.] ¡ 


3RD APRIL, 1928, 


present I should certainly adopt a higher steam pressure, 
possibly in the neighbourhood of 600 lb. per sq. in. 
I have no doubt that corrugated steam pipes will figure 
largely in the steam-pipe systems of the future, owing 
to their extreme flexibility, but I should like to know 
whether the authors have any information regarding 
comparative pressure-drops between smooth-bore pipes 
as against a corrugated surface. I notice that Conti- 
nental users have adopted corrugated pipes much more 
than we have in this country, and I am led to believe 
that it is necessary to increase the diameter of the corru- 
gated pipes to get the same pressure-drop as with pipes 
of smooth bore. I thought it might interest members to 
see a section of the two 30 000-kW Brown-Boveri units 
on order for the Portobello station, and this is shown 
in Fig. T. It will be seen that the turbines are similar 
in many respects to the design of the Klingenburg 
machines, except that the Klingenburg sets are cross- 
compound, driving two separate alternators, whilst the 
smaller Portobello sets have all their cylinders in tandem 
driving one alternator. In the recent designs of Brown- 
Boveri turbines mention might be made of the method 
of leading off the water from the low-pressure blading. 
High steam pressures in use to-day with correspondingly 
large expansion range have resulted in the steam leaving 
the turbine in a very wet state, and therefore a very 
large volume of water must be led through the last 
rows of the blading. This water, owing to its low 
speed, strikes the back of the blades and is thrown 
outwards from the blades. In the recent design of 
Brown-Boveri turbines the distance pieces of the guide 
blades are provided with water channels through which 
the water is led from the blading to the condenser. Guide 
plates are fitted to ensure that the water deposited at the 
top of the turbine does not flow into the last row of 
moving blades, but can flow to the lower part by way of 
the side walls. I should like to mention that in the 
extension of Portobello plant all pipe joints between 
boilers and turbines are strained together when cold 
and the flanges and numbers of bolts are made to 
Table “ K” instead of to Table “ J” of the British 
Engineering Standards Specification. In the past a 
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great deal of trouble has been experienced where joints 
are placed adjacent to tee connections, e.g. at boiler 
branches where the steam changes its direction. Cast- 
steel tees are now being avoided wherever possible and -: 
welded branches have taken their place. With régard 
to valves in use on highly superheated steam pipes, it 


was only comparatively recently that the reason for the -}. 


tightening of a full-way valve when closed was found 
to be due to the re-evaporated water locked PREMeED 
the valve faces. 

Mr. W. Ross: Referring to Table 2, the increase in 
thermal efficiency from 250 lb. to 500 lb., including 
feed-heating and reheating, is given as 23-5 per cent, 
which is sufficiently high to cause any supply engineer 
to look into the matter and endeavour to find whether 
the gain is really so good as it seems.: 1 have taken 
500 Ib. as the approximate limit, as 1 do not think the 
supply industry is quite ready to adopt anything higher. 
I have also assumed that, to justify reheating, the 
capacity of the generator would be not less than 
50000 kW. In operating such a set, it would be 
advisable and desirable to keep it in service as long as 
possible, which would mean that it would have to carry 
the load at night and during week-ends. It is ques- 
tionable whether there are any undertakings in the’ 
country which have a night load of more than, say, 
20 per cent of the maximum load, and when allowances 
are made for week-ends, holidays and overhauls, it is 
doubtful whether a load factor of 40 per cent could be 
exceeded. On this load factor the saving would repre- 
sent about £17 000 per annum, or, say, a capital saving 
of £170 000. The increased capital cost for the higher 
pressure (which, unfortunately, the authors have not. 
included in their paper) would be about £0: 5 per kW, but. 
this does not include reheating boilers or piping, and 1 
should be obliged if the authors would give some indica- 
tion of the cost expressed as a percentage of the steam-- 
raising plant. The figure of £17000 mentioned is with 


coal at 15s. per ton, but if the up-to-date station of the | 


future is to be fired with pulverized fuel; then, according 
to the advocates of this system, a much cheaper fuel 
will be usable (cheapened not by large ash content but - 
by the size) and in that case the saving will be consider- | 
ably reduced. Assuming that coal could be bought for' 
9s. per ton, then the capitalized saving comes down to 
£100 000. Of this sum £25000 would be required to 


pay the difference between 250-1b. and 500-Ib. plant, |" 


leaving £75 000 for reheaters and piping between turbines , 
and boilers. I have no information as to the cost of 
such plant, but allowing one-half of the above sum for 
this purpose, which I do not think will be:too much, the 
remainder represents an annual saving of about £3.750, 
a sum which, to my mind, is too small to give much 
encouragement to the supply engineer, especially when 
it is understood that the figures are based on excep- 


tionally good operating results. There is also the 
question of increased maintenance and possibly reduced 
reliability. On the other hand, if it is decided not to 


“reheat then a lower pressure must be utilized. The 


maximum, I should say, would be about 400 Ib. There 
would be a slight saving in the cost of plant, which 


«would help to counter the reduced thermal efficiency. 


My view is that, with the load factors customary in this 
country, there is no commercial advantage in raising 


.| ‘the initial pressure beyond the point when reheating 
- becomes essential. 


Mr. N. C. Bridge: I think that the outstanding 
problem in connection with this subject of higher steam 
pressures:in relation to turbine design i is the question of 


‘reheating, already referred to by previous speakers. We 
. are bound to have, in any paper on the subject, reference 


to reheating. The theoretical gains are shown and we 
are told where reheating has been introduced, but we 


' are told very little about the realized gains from reheat- 
- ing, and even less about the costs involved. The wetness 


losses increase with increase of pressure, and reheating 
therefore becomes more important as the pressure goes 
up. These losses explain partly why the curve in 
Fig. 5 shows a:decreasing efficiency of the turbine. The 
‘present methods of reheating, as Mr. Seddon remarked, 
are:somewhat clumsy and complicated, and I join with 
him in hoping that we shall see some improvement in 
this respect in the future. The turbine designers may 
say that it is not their particular province, but I should 
be sorry to think that this was so, because it really seems 
a matter essentially for the turbine designers, and I have 
hopes that in time we shall be able to get some other 
modification of the heat cycle that will give us the 
benefits of, reheating—that is to say, maintaining the 
temperature of the steam during expansion and eliminat- 
ing-the effects of wetness at the exhaust end—with less 
complication than at present. Can the authors hold 
out any prospect of this problem being tackled on such 
lines? With regard to the question of costs, I had occa- 


“sion, a short time ago, to take out some comparative 
costs for plants of different pressures, more particularly 


in connection with boilers, and the conclusion at which 
I arrived, after balancing the running charges against 
the capital charges, was, that if the load factor on the 


i plant be: multiplied by 10, a figure is obtained which 


‘seems to. be reasonably near the economic pressure. For 
instance, if: the load factor is 15 per cent, one would 


-probably-not be justified in going to a pressure of more 


than 150 Ib. If the load factor is 30 per cent one is 
‘probably justified in going to 300 1b., if 60 per cent to 
600 1b.,'and if 100 per cent to 1000 lb. What would 
justify a pressure of 1500 lb. I have not yet been able 
to discover! 

[The authors’ reply to this discussion will be 
found on page 1226.] 
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THE AUTHORS’ REPLY TO THE DISCUSSIONS AT LEICESTER, LIVERPOOL, BRISTOL, LEEDS 
AND GLASGOW. 


_ LEICESTER. 


Messrs. A. H. Law and J. P. Chittenden (in reply): 
Mr. Mould’s remarks on the subject of interheating are 
of considerable interest, since it represents an attempt 
to render possible the employment of higher pressures 
with their inherently higher thermal efficiencies without 
the drawbacks due to increased steam wetness in the 
low-pressure blading. Apart from the detrimental effect 
on turbine efficiency as a braking effect, it has a very 
serious influence on the life of the blading, and it is 
mainly on this account that the complications of 
reheating, either directly in a special boiler or in live- 
steam heaters, are being introduced. The problem is 
also being attacked from another direction, by extracting 
the water from the steam at various points in the turbine 
by some means. This is a question that is now receiving 
much attention from many turbine manufacturers. 

The authors are in full agreement with Mr. Jockel when 
he states that it is important that the boiler should be 
designed to suit the turbine conditions just as the turbine 
is designed to suit the boiler conditions, and the practice 
of designing a power station as a whole rather than as 
a number of separate units such as boiler, turbine, etc., 
is now the rule rather than the exception. With the 
introduction of extraction for feed-heating, and re- 
superheating, it is practically impossible to say where 
the turbine part of the plant ends and the boiler begins. 
One part of the plant is entirely bound up with and 
dependent on another if the best efficiency is to be 
obtained. In this connection also the custom is spread- 
ing of testing a station as a whole for guarantee and 
acceptance purposes, and the performance of the plant 
is judged on its heat consumption per kW sent out. 

One example of how the boiler design has been affected 
is to be seen in the extent to which the sphere of the 
economizer has been decreased by the practice of 
regenerative feed-heating to temperatures of the order 
of 250-350° F. The economizer has in many instances 
been practically replaced by air preheaters. ' 

For the purpose of the curves given in the paper, 
electrically-driven feed-pumps were assumed so as to 
simplify the calculations as much as possible, though 
we are, of course, aware that the exhaust from steam- 
driven pumps' could be used advantageously for feed- 
heating. ' 

It should be noted that the figure of 86:5 per cent 


used for the boiler efficiency is stated to be a figure 


corresponding to test conditions, and is not in any sense 
an annual figure. To the authors' knowledge there are 
several instances of this figure being exceeded in tests. 
For example, at Barton the figure is stated'to be 88-5 per 
cent, at Utrecht 86-7 per cent, at Columbia 88-2 per 
cent, and at Langerbrugge nearly 87 per cent. It is 
thus interesting to note that a figure of 86 per cent has 
been attained over a week's operation at Paris. 

A certain amount of trouble has certainly arisen from 
the use of riveted boiler drums for high pressures, and 
the present tendency is not to use riveted drums for 
pressures above 500 lb. per sq. in. With regard to 


boiler. operation. 


TSS. 


welded drums—a rather cheaper method of construction 
—this is the practice of the German firm, Thyssen. 
The drums are formed from plate with a single longi- 
tudinal welded scarf lap-joint. After welding, the steel 
is rolled into shape, the ends are partly closed and the 
whole is actually stressed to the elastic limit and then 
annealed. ‘This, it is claimed, leaves the drum entirely 
free from strain or local hardness. 

We are glad that Mr. Jockel has amen toned the 
advantage of reduced priming occurring in high-pressure 
This is a point which is emphasized 
in Mr. J. Anderson’s paper on his Milwaukee experiences. 
It is there stated that the average moisture content of 
the steam was round about 4 of 1 per cent, and that 
this low figure was apparently due to the smaller bubbles. 
Attention is also called to the water-levels in the boiler 
drums being remarkably stable even under severe con- 
ditions; in Mr. Anderson’s words, “ These observations 
at Lakeside proved conclusively that high pressure does 
have merit for other than pure economy reasons,”’. 

In reply to Mr. Nicholls, it is to be understood that 
superposed high-pressure plants such as at Bradford 
and in the United States are intended to operate as 
base-load plants so as to give the, maximum advantages. 
There is, up to the present, only one example of extra- 
high-pressure steam plant in marine work, namely 
“ King George V,” and in that instance the 
flanges are screwed on the ends of the pipes with a 
vanishing thread and the face of the thread is sealed 
by electric welding. The type of safety valve used on 


the high-pressure plant at Langerbrugge is well illustrated 


in the Engineer (1926, vol. 141, p. 571). 

We are obliged to Mr. Boissier for his information 
relating to the Gennevilliers station. Unfortunately, 
the lower limit of .450 lb. per sq. in. pressure fixed for 
the purpose of the paper excluded both this station and 
certain others which were otherwise of considerable 
interest. It is gratifying to note that this station has 
been working constantly at a temperature of 800° F. 
with perfect success, and, further, that the experience 
of working at 350 Ib. per sq. in. led to a further increase 
in pressure. It would seem from this instance and also 
the cases of the stations of Mannheim, Langerbrugge, 
etc., that 800° F., and even slightly above, may soon be 
regarded as standard practice in power station work, 
and that metallurgical progress is keeping pace with 
the requirements of the engineer. 

For Mr. Brearley's information, practically all the 


turbines mentioned as being designed for steam pressures 


above 1 000 lb. per sq. in. operate in the superheat region. 
This is chiefly because most of. them are back-pressure 
turbines exhausting at a fairly high pressure, usually 
that of ES existing low-pressure plant. . 


Live aeoo 


As Prof. Scholes mentions, the limiting fotos in an 
attempt to increase the efficiency of steam power plant 
are principally the quality and quantity of cooling water 
available for one end of the cycle, and the quality of 
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materials available for the high-pressure portion of the 
plant. The vacuum possible naturally varies consider- 
ably for different stations, and it was with’ the two 
classes of power stations in mind, viz. ‘hose with an 
unlimited supply of cold water and those compelled to 
rely on cooling towers, that the two sets of curves for 
28 in. and 29-1 in. vacuum were prepared. At the 
other end of the cycle the problem is, of course, not so 
much a matter of materials that can withstand high 
pressures as a question of the production, at a reasonable 
cost, of steels that are not detrimentally influenced by 
the high temperatures which are a desirable accompani- 
ment of increased pressures. 

The subject of the quality of feed water in high- 
pressure boiler operation, raised by Prof. Scholes, Mr. 
‘Hamilton, Mr. Devey and others, is of considerable 
importance. Great care was taken in this respect in 
the experimental Benson boiler at Rugby, particularly 
as the coils were of small bore. Whilst it may not be 
necessary to go quite to this extreme of using only 
distilled water for boilers in commercial service, it would 
seem that the use of pure water becomes of increased 
importance as the boiler pressure increases. This point 
was brought very much to the front by Mr. J. Anderson’s 
paper read before the Institute of Fuel on the 24th 
November, 1927, on operating experiences with the 
1300 lb. per sq. in. boiler at Milwaukee. The first 
9 months during which this plant was in operation was 
a story of repeated boiler-tube failures due to scale 
formation and very active corrosion. The turbine 
efficiency also fell off nearly 30 per cent during one 
period owing to the blading becoming silted up by boiler- 
treatment compounds. It is gratifying to note, how- 
ever, that all these difficulties have now been success- 
fully overcome by chemically controlling the feed water, 
that runs of indefinite duration are now confidently 
expected, and that on the strength of these experiences 
a second 1 300 Ib. per sq. in. plant is to be ordered. 

The paragraph on page 97 to which Prof. Scholes refers 
was not intended to define the range of pressure practi- 
cable for the various classes of plant, but was merely a 
summary of the facts detailed in the tables. There are 
‘possibly one or two reasons for the apparent 600 lb. per 
sq. in. limit for a new station, whilst a superposed plant 
is usually designed for a pressure in the neighbourhood 
of 1 000-1 200 Ib. per sq. in. In the first place, as has 
been already mentioned in a previous discussion, often 
the existing plant in a station to be compounded is not 
of the latest design and operates with rather a low 
economy. In such a case, particularly if only a portion 
of the plant is being compounded, the maximum pressure 
is adopted in order to obtain the maximum improvement. 
Coupled with this, as Mr. Midgley has suggested, there 
may in some instances be a desire to test the highest 
pressures with the minimum cost and risk, but surely 
even then there must be a desire to increase the thermal 
efficiency of the station, or else there would appear to 
be no reason for introducing high pressures at all. It is 
interesting to note that in almost every station where 
this has been done the operating results of the first 
instalment of high-pressure plant have led to the 
remainder of the station being compounded. 

As stated in the paper, the rotor and diaphragms of 
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the turbine shown in Fig. 19 are dropped into the coned 
casing in one. operation, and, as shown in a. photograph 


. supplied by the makers, Messrs. Escher, Wyss, the 


diaphragms are held in position after assembly by bolts 
passing through holes in the casing. 

With regard to the relative merits of impulse and 
reaction-type turbines for high pressures, an analysis 
of the machines detailed in the tables would seem to 
favour the impulse type. The numerical superiority is, 
however, more marked in the case of the smaller outputs. 
In addition to the pure impulse afd reaction machines, 
there is a large group of turbines embodying both blading 
principles, and in these the high-pressure end is of the 
impulse type. In a number of these the impulse section 
consists of only one simple impulse or Curtis stage. 
These considerations would seem to indicate one or two 
reasons for the greater number of impulse turbines. 
In the first place there may be a desire on the part of 
the designer to reduce the pressure on the high-pressure 
shaft gland to as low a figure as may be consistent with 
a reasonably good efficiency. In such a case an impulse 
wheel is used for the first stage and may be followed 
by reaction blading if such is the policy of the manufac- 
turer. A first-stage impulse disc also enables nozzle- 
control governing to be employed if required. 
case of a machine of relatively small output, partial 
admission is possible with impulse blading for the first 
stage, so that nozzles and blades can be made of reason- 
able height. This is a point the importance of which 
was stressed in the paper, and the blades at the 
high-pressure end of a reaction turbine are of 
necessity smaller than those of a corresponding impulse 
turbine. 

It is true, as Prof. Scholes. suggests, that many valves 
designed for high pressures have seats made of stainless 
steel, but this in itself is not sufficient to prevent scoring 
under throttling conditions, and these same valves are 
also specially designed to avoid throttling at the valve 
seats. 

The authors cannot agree with Mr. Mathias that because 
higher pressures were advocated and tried by Jacob Perkins 
over a century ago, and because little further work was 
done on the subject until quite recently, there is some- 
thing radically wrong. One has only to read the history 
of engineering and industrial progress to realize how 
often some idea, originally condemned, has finally been 
accepted and utilized. When it is appreciated that 
Perkins in 1827 invented, amongst other things, a steam 
engine to work at 1 400 lb. per sq. in. and 1 000° F., and 
remembering the difficulty even at the present time in 
obtaining a material capable of withstanding such 
temperatures, it is fairly easy to see at least one reason 
why the development in high-pressure work was com- 
paratively slow. Further, as Mr. Malpas notes, the low 
price of fuel would not have been much inducement to 
strive after maximum efficiency. 

The high-pressure turbine constructed by the English 
Electric Co. for Bradford is, as stated in the paper and 
in Table 6, to drive through reduction gearing, and it 
is the casing for this which Mr. Mathias took to be part 
of an alternator. 

Mr. Kearton suggests that the most important side 
of high-pressure work is the steam generator.rather than 
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the turbine. From all the facts. available this would 
seem to be the case so far as troubles are concerned, for 
these have mostly been confined to the boiler. Apparently 
the turbine presents few difficulties that can be attributed 
directly to the higher pressures. With regard to the 
relative merits of the various types of high-pressure 
boilers, actual operating experience will of course decide 
which types are most suitable. All the types mentioned 
in the paper have now progressed beyond the experi- 
menta’ stage, and results of working on a large scale 
should shortly be forthcoming. 

The thermal efficiency of the so-called “ Benson ”’ 
process will, of course, depend entirely on the pressure 
to which the steam is throttled before being utilized in 
the turbine. The fact. that the steam is generated in 
the first place at the critical pressure does not enter 
into the question, and steam generated in a Benson 
boiler and used in a turbine at a given pressure cannot 
be used with a thermal efficiency any higher than if it 
had been generated directly at the required pressure 
in a normal boiler. The whole aim of the Benson boiler 
is to eliminate the trouble due to violent ebullition 
which would occur at high pressures, by eliminating 
boiling in the usual sense. 

In attempting to improve the thermal efficiency of 
normal-pressure plants, little improvement is theoreti- 
cally possible as the result of reheating between the 
cylinders of an existing 2-cylinder turbine. The pressure 
would be too low for boiler reheating to be justified, and 
the losses in taking the large volumes of steam to and 
from the reheater would be considerable. This loss 
would be avoided by employing steam reheating, the 
final reheat temperature naturally being considerably 
lower. On the other hand, the low-pressure turbine 
would not be suitable for the increased volume of steam 
with which it would have to deal. The available heat- 
drop would also be increased, so that altogether the 
turbine would be working at a reduced efficiency and 
the gain from reheating, if any, would hardly be worth 
the trouble and expense. The best proposition would 
be to install a superposed high-pressure plant to exhaust 
—if necessary after reheating—into the existing low- 
pressure mains and turbines. The alterations necessary 
to both turbine casing and rotor of a single-cylinder 
machine to enable it to utilize to the full the gain due 
to reheating would practically mean a new turbine. 

The high price of fuel is naturally the main reason 
for striving after even fractions of 1 per cent increase in 
station economy, and is the reason why the compli- 
cations of extraction for feed-heating, re-superheating 
and increased pressures, temperatures and vacua have 
come so much into vogue during recent years. This 
incentive was lacking when Jacob Perkins began his 
historic work on high pressures a century ago. Larger 
units certainly lend themselves more readily to these 
refinements than comparatively small units, but in this 
respect it is interesting to note that in the Klingenburg 
station at Berlin the tendency of the designers was in 
just the opposite direction. The main 80 000-kW sets 
were purposely left as simple as possible, with neither 
reheating nor extraction for feed+heating, and the feed- 
heating for the whole station is accomplished by steam 
bled from special 10 000-kW units. 


Mr. Malpas expresses ‘surprise at the rapid advance 
of the Benson boiler from the field of experiment to the 
scale of a 2 500-kW plant, but he appears to have made 
a mistake in thinking that the new high-pressure plant 
at Bradford is to have boilers of this type. This is not 
the case, and the largest plant of this description is to 
be found at the cable works of Messrs. Siemens, 
Schuckert at Siemensstadt, Berlin, where a boiler of. 
50 000 lb. per hour capacity supplies steam to a 2 500-kW 
extraction turbine. 


BRISTOL. 


There are ‘naturally many factors which need to be 
taken into consideration in determining the most suitable’ 
steam conditions for any particular power station, and of 
these the load factor is one of considerable importance. 
Whilst it would seem from the instances given in the 
paper that most of the high-pressure plants are in 
stations with high load factors, higher pressures may 
very readily be adopted in stations of poorer load factor, 
in the form of superposed plant. This idea is being 
adopted by many existing stations where only moderate 
steam conditions exist, and the new superposed high- 
pressure plant running in conjunction with, for example, 
one normal-pressure turbine, forms a very efficient base- 
load plant and considerably improves the station per- 
formance. 

Further in answer to Mr. Plevin, the authors have not 
much additional information with regard to the Erste- 
Brunner set for the Witkowitz Coal Mining Co. They 
understand, however, that the two low-pressure cylinders 
were in operation for a time without the high-pressure 
cylinders. Steam is supplied both from a Léffler high- 
pressure boiler and from a normal-pressure boiler (about 
200 Ib. per sq. in.) and the supplies are so regulated 
that the high-pressure steam will be used at a practically 
uniform rate sufficient for the normal load, and higher 
loads will be obtained by the use of additional low- 
pressure steam. Steam is bled from the third cylinder 
both for industrial and for feed-heating purposes. l 

It is perhaps unfortunate that all the high-pressure 
boilers shown on the lantern slides were oil-fired, 
but it is not to be assumed that all such boilers are of 
this type. For example, the latest Benson boiler, as 
stated in the paper, burns pulverized coal. 

For Mr. Thompson’s information, the heat units lost 
to the condensing water with 200 and 1 000 Ib. persq. in. 
initial pressures are theoretically about 66 and 59 per 
cent respectively for a 29 in. vacuum, as may fairly 
readily be estimated from Fig. 1 of the paper. 

All the information available, and the authors’ experi- 
ence, are to the effect that it is very essential in high- 
pressure boiler operation that feed water should be free 
from all impurities. 


LEEDS. 


We are grateful to Mr. Roles for his summary of.the 
progress in the utilization of high-pressure steam and the 
various factors which need to be taken into consideration 
when deciding on the most economical pressure to be 
adopted in any particular instance. It is very instruc- 
tive to note that as more high-pressure plant is being 
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installed, so the price of, for example, high-pressure 
boilers is dropping. 

With normal steam conditions of about 2501b, per sq. 
in., 650° F. and 284in. vacuum, and with no extraction for 
feed-heating, the output of a modern 2-cylinder turbine 
is divided fairly equally between the cylinders, the high- 
pressure cylinder being responsible for about 55 per cent 
of the total output. With higher initial pressures of 
350-550 Ib. per sq. in., and feed-heating to 300-350" F., 
this proportion increases to between 60 and 65 per cent 
at the most economical load. In the case of the Klingen- 
burg 70 000-kW machines, the steam conditions under 
which they were tested being 478 Ib. per sq. in. abs., 764° F. 
and 29-33 in. vacuum, with no extraction, the output 
was divided between the three cylinders approximately 
as follows: High pressure 19-8 per cent, intermediate 
pressure 32-6 per cent, and low pressure 47:6 per 
cent. 

The comparison of figures would certainly be facili- 
tated-if some definite values for the properties of steam 
could be agreed upon. Since, however, much research 
work both in America and this country is now in pro- 
gress on this subject, it will probably be some years 
yet before this is effected. As Mr. Waite suggests, 
there is a close connection between the increase in tur- 
bine pressures and the development of the multi-stage 
small-diameter type of construction, though of course 
many of its advantages apply almost equally well to 
more normal steam conditions. This point was 
emphasized in the paper. 

The authors were very interested in Mr. Waite's 
remarks on steam interheating, particularly when he 
said that tests made by him convinced him that the 
theoretical gains could be realized in practice, and the 
results of actual operation on a large scale in power 
stations will in consequence be eagerly awaited. 

The authors wish to thank Mr. Skinner for his instruc- 
tive curves (Figs. P to S), which show how higher steam 
pressures result in improved thermal efficiencies. 

Mr. Longley says that he would prefer to employ the 
highest possible temperatures and so avoid any necessity 
for reheating, and that is probably the opinion of most 


engineers. . Since, however, temperatures are at present 
limited by the materials available, engineers are endea- 
vouring to realize the advantages of higher pressures with 
the aid of some form of re-superheating. The authors 
fully agree that there is no reason why well-designed 
high-pressure superposed plant should not retain its 
efficiency quite as well as a normal condensing plant. 
At any rate the detrimental influence of wet steam 
on low-pressure blading will be lacking. 


GLASGOW, 

In reply to Mr. Seddon, the authors appreciate that 
it is extremely important that the effects of expansion 
in pipes, etc., due to the increased temperatures associated 
with higher pressures, should as far as possible be elimi- 
nated. On this account considerable interest is being 
taken at the present time in the desirability of using 
corrugated steam pipes. .The manufacturers of such 
pipes, and the users of them, are investigating the 
comparątive pressure losses in such pipes and smooth- 
bore pipes and, in fact, the English Electric Co. is at 
present experimenting in this direction. Little informa- 
tion on the subject is, however, at present available. 
In another form of corrugation, which is in favour on 
the Continent, the inner radius only of a pipe-bend is 
corrugated, 

The authors are grateful to Mr. Seddon for including 
a section of the 30000-kW unit for the Portobello 
Station, as this adds considerably to the value of the 
paper and the discussions on it. 

Mr. Bridge considers that the subject of interheating 
is of great importance in connection with the use of 
high steam pressures, and, so long as the temperature is 
limited by the strength of materials as it is at present, 
the authors are in full agreement with him. Since the 
paper was written, however, live steam reheating has 
come into considerable prominence as being a simpler 
and cheaper method of attaining the desired goal of 
eliminating the detrimental influence of excessive steam 
wetness in a turbine, although theoretically the gain is 
somewhat less than could be expected from the full use 
of boiler reheating. 


PROCEEDINGS OF THE INSTITUTION. 
775TH ORDINARY MEETING, 3rD MAY, 1928. 


Mr. Archibald Page, President, took the chair at 6 p.m. 

The minutes of the Ordinary Meeting held on the 
19th April, 1928, were taken as read and were con- 
firmed and signed. 

A list of candidates for election and transfer, approved 
by the Council for ballot, was taken as read and ordered 
to be suspended in the Hall. 

Messrs, L. Barlow, C. H. D. Lang and P, W. Sankey 
were appointed scrutineers of the ballot for the election 
of new Members of Council. 


A list of donations to the Benevolent Fund (see 
page 451) was taken as read, and the thanks of the 
meeting were accorded to the donors. 

A paper by Mr. F. H. Rosencrants, B.Sc., entitled 
“ Practice and Progress in Combustion of Coal as Applied 
to Steam Generation” (see page 1101), was read and 
discussed, 

On the motion of the President a vote of thanks to 
the author was carried with acclamation, and the meeting 
terminated at 8.20 p.m, 
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56TH ANN UAL GENERAL MEETING, 17TH MAY, 1928. 


Mr. Archibald Page, President, took the chair at 


6 p.m. 


The notice convening the meeting was taken as read. 
The minutes of the Ordinary Meeting held on the 
3rd May, 1928, were also taken as read and were con- 


firmed and signed. 


Messrs. J. W. Fyfe and C. W. Loveridge were appointed 
scrutineers of the ballot for the election and transfer of 
members and, at the end of the meeting, the result of 
the ballot was declared as follows :— 


ELECTIONS. 


Members. 


Bell, George Gilbert. 


Franklin, Charles Samuel. 


Hartmann, Dr. Julius. 


Associate Members. 


Arnold, Arthur. 

Baggs, Aubrey Dormer. 

Baker, Charles Alfred, 
B.Sc.(Eng.). 


Brassington, William 
Dunnett. 

Cridge, Walter John. 

Grant, John Macdonald, 
Lieut.-Colonel, M.C. 

Harris, Harry. 

Hay, Guy Baldwin. 


Hulance, Arthur Thomas. 
Jinman, Charles Harris, 
B.Sc.(Eng.). 
Matthewson, Frank, B.E. 
Miller, John Bernard. 
Newbery, Edward Victor, 
Major, M.C., B.Sc. 
Pike, Marmaduke Alfred. 
Ross, Walter Donald. 
Yates, Andrew Vavasour 
S., Lieut., R.N. 


Graduates. 


Bell, Edgar David R. 

Bleasdale, John William. 

Bonn, Arthur Stanley. 

Brickhill, George Alexander. 

Cladingbowl,GeorgeAugus- 
tine. 

Cockburn, Roland Arthur. 

Coghlan, Joseph M. 

Dean, Jalal. 

Easton, Harold. 

Garman, Bertram Corbett. 

Gaved, John Leslie. 

Grant, David Leslie. 

Gyi, Maung Mg., B.Sc. 

Harvey, Hector Gordon. 

Heap, Hubert Leslie S., 
B.Sc.(Eng.). 

Heaton, Frank. 

Herbert, Thomas Percy. 

Hives, Herbert William. 

Hodgson, Arthur Geldart. 


Howes, Frederick Stanley, 


. M.Sc. 

Hughes, Cornelius Vincent. 
Hunt, Joseph James H. 
Hunter, Thomas Chalmers. 
Kinnersley, John Robert. 
Lilley, Horace Arthur. 


Lintott, B.Sc 
(Eng.). 

McCollum, George. 

McGillewie, Donald Irvine, 
Commander R.N. 

Meyers, Arthur Lennox, 
B.Sc.(Eng.). 

Montgomery, 
Dalgleish B. 

Mulleady, Ricardo T., 
B.Sc. 

Pairman, Rodion. 

Parsons, James George T. 


George, 


Hubert 


Plascott, Vincent Leslie 


J. 
Rolph, John. 
Rostron, Frank. 
Ryder, Francis. 
Scott, James William. 
Squire, Leonard Ernest. 
Thornton, Leslie Charles. 
Towndrow, Frederick 
Francis. 
Vijh, Hari Chand, B.Sc. 
Vowles, George Alexander. 
Whitney, Herbert Edwin. 
Yule, Thomas, M.Eng. 


Students. 


Allinson, Sydney. 
Aubin, Rolf Ernest L. 
Bailey, Hugh Philip V. 
Bedworth, Richard Jarvis. 
Bird, Edward Patrick. 
Bonaker, Harold Norman. 
Bradbury, Cyril Henry. 
Budgett, Lionel Victor 
R 


Carmichael, Victor. 

Carr, Frederick Gill. 

Chand, Khem. 

Chittenden, Percy Alex- 
ander. 

Clarke, Fred. 


ə Cowell, Ernest Frederick 
Ww 


Cull, Robert Stephen. 
Cutler, John Clarke. 
Duffield, Frederick Charles. 
Duncan, Ian, B.Sc. 
Galloway, Edward David. 
Gazdar, J. C. 

Gray, Dugald Andrew. 
Grover, Rattan Lal. 
Harries, John Henry O. 
Harrison, Allen Frear. 
Heath, James Fox. 
Hobbs, Norman David. 
Hughes, Alfred George. 
Kennedy, Hugh Wilson. 
King, George Arthur. 
Kirkpatrick, Eric Clive. 


Lemon, Cecil George. 

Lovie, Walter John A. 

McChesney, Gordon Camp- 
bell. 

McMillan, Geoffrey Alex- 
ander. 

Oatley, Edward Fred. 

Offord, Alfred James. 

Palit, Hari Charan. 

Parkinson, Nigel Godfrey. 

Parkinson, Raymond 
Milner. 

Ratnam, V. Subba. 

Rhodes, James. 

Roberts, John Henry. 

Robson, Paul Stuart. 

Rosso, Edwin. 

Singh, Iqbal. 

Sloane, Arthur Theodore. 

Stirling, Alistair McLean. 

Stringer, Jack Eldon C. 

Sutton, Ernest Joseph. 

Thomas, Roger Llewellyn 

"S; 

Thompson, Edward Henry. 

Tyler, John Francis H. 

Walsh, John Joseph. 

Whitfield, John. 

Winstanley, John Wilfred. 

Woodhouse, Lionel 
Clayton. 

Woodward, Harry. 

Wynne-Jones, Frederick. 


TRANSFERS, 
Associate Member to Member. 


Binns, 
B.Sc. 

Loughlin, Henry James. 

Mullard, Stanley Robert, 
M.B.E. 


Arthur Priestley, 


Palmer, Lionel Stanley, 
M.Sc., Ph.D. 

Spencer, Francis Edward. 

Struthers, John Russell. 


Graduate to Associate Member. 


Dunphy, John. 

Foggo, John Johnston. 

Harlow, Harold George, 
B.Sc. 

Hutton, William Alfred, 
M.A. 

Knowlson, 
Kerrow, M.A. 

Lackie, Donald Walker. 


John Mc- 


McKinlay, Andrew. 

McWhirter, Harry Roy S., 
B.Sc.(Eng.). 

Moore, Raymond Edward. 

Sherlock, John Richard. 


Student to Associate Member. 


Allen, Robert. 

Bird, Donald Egerton. 

Clutterbuck, Thomas. 

Cullen, Frederick Henry 
B., M.C., B.Sc.(Eng.). 


Stevens, Frank Glad- 
stone. 

Thompson, William 
Herbert. 

Palmer, Reginald 
William. 

Parsons, Reginald Alfred 
E., B.Sc.(Eng:). 


Ribbons, Ernest William. 
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Student to Associate Member—continued, | 
Robinson, Charles Edwin,’ Vezey, John Ricketts. 


M.Eng. Wagstaffe, Charles Fred- | 
Terry, Robert Saint George, erick A. 

B.Sc.(Eng.). Willey, John Matthew. 
Thomas, Philip Robert, Youatt, Brian Dinsdale, 

B.Sc.(Eng.). B.Eng. | 


. Student to Graduate. 


Catterall, Gerald. 

Chatterji, Phanindra Mo- 
han, B.Sc. 

Croft, Hyla Bert. 

Cronwright, Roy Bazett, 
B.Sc. 

Cross, Edward Alfred G. 

Dunkley, William Henry, 


Penny, John Carlton. 

Pratt, Alfred Stewart R. 

Pyott, James Thompson. 

Rackow, Charles, B.Sc. 

Rao, Abludu Ramarao N., 
B.E. 

Read, Frederick William. 


B.Sc.(Eng.). Rook, Eric Barnard. 
Foulkes-Roberts, Matic Sen, Praphulla Kumar. 
Wynn. Thadhani, Hotechand * 


Francis, Maurice Hart. 
Geddes, Colin Campbell, 
M.Sc. 
George, Henry Hale, B.E. 
Gower, Sidney Clayton. 
Gray, Charles Marshall. 
Harvey, David James W. 
Moore, Cuthbert Grafton, 
B.Eng. 


Rijhumal, M.Sc.Tech. 
Tyrrell, Gilbert Charles. 
Warder, Stanley Bernard. 
Wheeler, WilloughbyShaw. 
Wills, Maurice Alan. 
Wright, Colin. 
Yoganandam, Goteti. 
Young, Eric William, 

B.Eng. 


A list of donations to the Benevolent Fund (see page 
567) was taken as read and the thanks of the meeting 
were accorded to the donors. 

The premiums which had been awarded by the Council 
for papers during the session (see page 666) were 
announced by the President. 

The President then summarized the Annual Report 
of the Council (see page 642) and moved its adoption. 

Lieut.-Col. K. Edgcumbe seconded the motion. 

Mr. J. O. Girdlestone: I suggest that it would be 
rather to the advantage of the members if a copy of the 
Report and the Accounts could be sent to them before 
the meeting. 

The President : It has never been the practice, I 
understand, to send out the Report and Accounts. 
We have 13000 members, and the expense of such a 
proceeding has to be taken into account. The cards 
calling the meeting have an intimation on them that 
copies of the Report are available to the members if they 
will only ask for them, so that it seems to me that your 
point is met. Perhaps you overlooked the statement on 
the meetings card. 

After the President had answered some questions 


from Mr. L. W. Phillips and Mr. A. Kirk, the motion 


was put to the meeting and unanimously carried. 
Lieut.-Col. F. A. Cortez Leigh (Hon. Treasurer): 

In moving “ That the Statement of Accounts and the 

Balance Sheet for the year ended 31st December, 1927,* 


Patman, Reginald Horace. 


the foot of the account, has increased by £1 499. The 
surplus, after making this provision, is £3 675, against 
£3 882 in 1926, while the amount of £3 000 placed to 
Reserve Fund is the same as in 1926. Coming to the 


individual items of expenditure, management shows an 


increase of £1 133, of which £395 is due to the publication 
of a List of Members in 1927. The cost of running the 
Institution Building was £190 more, and the expenditure 
on the Journal was £855 less, the latter decrease being 
due in part to a smaller number of papers having been 
published. The subscriptions of members to Science 
Abstracts fell short of the cost of their copies by about 
£60. Expenditure on meetings shows a decrease of £97, 
due to the non-recurrence of the Jubilee of the Telephone 
held in 1926. The expenditure on Local Centres shows 
an increase of £465, due to greater local activities and 
increased membership of Local Centres. The grant to 
the British Engineering Standards Association was 
increased to £1 000 from £500, while the cost of sending 
delegates to meetings abroad was about the same. The 
Annual Dinner and Conversazione were on a larger scale, 
and cost together £186 more than in 1926. Legal 
expenses increased by £90, much of which was due to the 
legal action taken by the Institution in connection with 
the wrongful .use of the initials A.M.I.E.E. On the 
income side of the account, subscriptions have improved 
by £783 and entrance fees by £253. The other items of 
income are well maintained. As regards the Balance 
Sheet, the mortgage with the Economic Society has been 
reduced by £1 226, and £984 has been spent in improve- 
ments and repairs to the building, the provision for this 
being £1 500 per annum, taking one year with another, 
so that the amount of the repair fund has increased. 
The securities on account of General and Reserve Funds 
now amount to £63 838 at cost, and their market value 
on the 7th May was £65 042, so that the amount stated 
in the Balance Sheet is more than covered. Taking the 
values of the various items as they appear in the Balance 
Sheet, and deducting the amount still due to the 
Economic Society in respect of the building, the assets 
amount to £161 624, and the liabilities to £8 222, giving 
a surplus of £153 402, an improvement of £7 795 on the 
preceding year, which is strong evidence of the prosperity 
of the Institution. So far as can be seen, the figures for 
1928 are likely to be equally satisfactory. It will 
interest members to know that a contract has been signed 
for the sale of the Tothill-street property and will, it is 
anticipated, be completed within the next few days. 
The price accepted by the Institution is £25000. This 
will show a profit of nearly £6000 on the book value of 
the property in the accounts of the Institution, which is 
£19 260. Out of the proceeds of this sale the Council 
propose to pay off the remainder of the mortgage on the 
building (9 559), and the balance will be invested in 
trustee securities. In moving the acceptance of the 
Accounts and the Balance Sheet for this year, I desire 
to pay my tribute to the assistance that has been given 
to me by the staff generally. It is very gratifying, to 


one coming in as I do, to see how carefully and how 

` efficiently the whole of the accounts work and the rest 
of the work of the Institution is done by the staff. I 
have very much pleasure in moving that the Statement 
of Accounts and Balance Sheet be adopted. 


as presented be received and adopted,” 1 should like to 

make a few remarks, The income for 1927 shows an 

increase of £1 012 over that of 1926, while the corre- 

sponding expenditure, omitting the reserve provision at 
:* See page 650. 
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Mr. G. E. Smith seconded the motion. 

Mr. F. W. Purse, in the course of some remarks, 
suggested that Students should be required to pay an 
entrance fee, which could be carried to their credit until 
they transferred to a higher grade of membership. 

Observations were also made by Mr. J.O. Girdlestone, 
Mr. P. Rosling, Dr. A. H. Railing and Dr. W. Cramp. 

Mr. J. E. Kingsbury : May I support the resolution 
which has been proposed for the adoption of the Annual 
Report and Accounts, and at the same time thank the 
Hon. Treasurer for his services. In doing so, I should 
like to say a word or two on the danger of taking the 
income per member of the Institution as if it were a 
trading concern. Itis obvious that the income could be 
increased if less care were taken in the introduction of 
members of one grade or another. It has always been 
in the mind of the Council that the influence of the 
Institution and its prestige arising from the care exercised 
in the choice of its membership are of greater importance 
to the profession and the Institution than a mere 
increase of income. 

Mr. Rollo Appleyard : There is an item on page 651 
of the Accounts concerning which the Council must be 
congratulated. The Institution now possesses the Heavi- 
side manuscripts and medals, for which was paid the 
moderate sum of £120. Those manuscripts will, as 
time goes on, be found of considerable value from an 
historical point of view. The collection includes some of 
Heaviside's books, a number of his letters, and also some 
of the actual manuscripts of his work. Members will 
be gratified to know that these choice relics of the 
greatest electrician of the last generation have been 
secured for the Institution. 

The President then put the motion, which had been 
moved by the Hon. Treasurer and seconded by Mr. G. 
E. Smith, “ That the Statement of Accounts and the 
Balance Sheet for the year ended 3lst December, 1927, 
as presented be received and adopted.” 

The resolution was carried unanimously. 

The President: Before passing on to the formal 
votes I want to take this opportunity of associating 
myself with what Colonel Leigh has said about the work 
of the headquarters staff. We have fortunately got 
Mr. Rowell back again and restored to health after his 
recent illness. We are all very glad to welcome him 
back to his work, and at the same time we wish to thank 
the staff for the very efficient manner in which, during 
Mr. Rowell’s absence, they have carried on the Institution 
machine on oiled wheels. There has been no creaking 
and no trouble. 

Mr. S. J. Watson : I have much pleasure in moving 
** That the best thanks of the Institution be accorded 


VoL. 66 


to the following officers for their valuable services during 
the past year:—(a) The Hon. Secretaries of the Local 
Centres and the Local Hon. Secretaries abroad; [(b) the 
Hon. Treasurer, Lieut.-Colonel F. A. Cortez Leigh.” I 
am sure it will be the desire of the meeting to express 
our thanks for the splendid work which we all know is 
put in by the Local Hon. Secretaries. I was for many 
years very closely identified with one of the Local 
Centres, and therefore I am in a particularly good 
position to know the tremendous amount of work which 
is done in order that the position of the Institution 
may be well maintained in the provinces. At the same 
time, may I also move that our very best thanks be 
accorded to the Hon. Treasurer. We have had the 
pleasure of listening to a most lucid statement regard- 


- ing the financial position of the Institution, and I am 


sure that we are to be congratulated on having such 
an excellent honorary officer at our disposal, He 
takes a very deep interest in the financial doings of the 
Institution and is most assiduous in his attendance at 
Council Meetings and at other meetings where questions 
of finance arise. I have the greatest pleasure in moving 
the resolution. | 

Mr. W. Wilson: Of the various factors which con- 
tribute to the success of the Institution 1 am certain 
that one of the most important is the keenness and 
enthusiasm of the honorary officers of our Local Centres 
at home and abroad, and of our Hon. Treasurer. Dealing 
with the three classes in order, those of us who have 
been connected with the running of a Local Centre are 
aware Of the splendid tradition of service animating 
our Local Hon. Secretaries, which plays a vital part in 
the well-being of the Local Centres and which is all for 
the good of the Institution. With regard to the Local 
Centres abroad, I think there ought to be more inti- 
mate contact between the work done by the overseas 
members and ourselves, and 1 hope that the bond will 
become closer in the future. They are keeping the 
Institution flag flying in the overseas Dominions and 
in foreign countries, and we owe them our gratitude. 
Coming now to the Hon. Treasurer, those of us who have 
had any experience of the operations of bodies similar 
to ourown know whatan enormous advantage we obtain 
through the very satisfactory state of our finances, and 
for that we are greatly indebted to Col, Cortez Leigh. 
I have much pleasure in seconding the motion. 

The motion was then put and carried unanimously. 

Mr. H. T. Young then moved “* That Messrs. Allen, 
Attfield and Co. be re-appointed Auditors for the year 
1928-29.” This was seconded by Dr. A. H. Railing 
and carried unanimously. 

The proceedings terminated at 6.55 p.m. 
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THE BENEVOLENT FUND. | 
30r4 ANNUAL GENERAL MEETING, 177H MAY, 1928. 


Mr. Archibald Page took the chair at 5.30 p.m. 

The notice convening the meeting was read. 

The minutes of the 29th Annual General Meeting 
held on the 5th May, 1927, were taken as read and were 
confirmed and signed. 

The Report of the Committee of Management (see 
below) and the Statement of Accounts for the year 1927 
(see page 656) were presented and, on the motion of 
the Chairman, seconded by Mr. H. Paterson, were 
unanimously adopted. 

On the motion of the Chairman, it was resolved that 
Mr. J. Attfield, F.C.A., be appointed Hon. Auditor for 
the year 1928. 

The Chairman reported that, under Rule 15, the 


Council had appointed the following Committee of 
Management for the year 1927-28:— 
The President (ex-officio). 
Major B. Binyon, O.B.E., M.A. 


AC Cramb Representing the 
H. Marryat Council 
A. H. Railing, D.Eng. ` 
C. Rodgers, O.B.E., B.Sc., B.Eng. 
J. R. Cowie R . 

A epresenting the 
J. E. Kingsbury a 
P. Rosling " 


and the Chairmen of the Local Centres in the United 
Kingdom and Ireland. 


REPORT OF THE COMMITTEE OF MANAGEMENT OF THE BENEVOLENT FUND FOR 
THE YEAR 1927, 


CAPITAL. 


The Capital Account stood on the 31st December, 1927, 
at £12 003 5s. 3d., which is invested. 


RECEIPTS. 


The Income for 1927 from dividends, interest and 
annual subscriptions was as follows:— 


£ s. d. 

Dividends on investments .. 675 5 0 
Interest sig i .. 20 911 
787 annual subscriptions des .. 460 5 6 
£1056 0 5 

_— _ _ _————— 


In addition to the foregoing, the Fund benefited during 
the year by the following amounts, many of which are 
non-recurring donations:— 


£ s. d. 
Electrical Engineers’ Ball Committee : 75 0 0 
Surplus from Summer Meeting of the Insti- 
tution at Newcastle = a 7312 3 
“ Twenty-Five ” Club ss 26 5 0 
Mersey and North Wales (Liverpool) Centre 
(surplus from golf tournament) .. 15 14 3 
China Local Centre .. ss 2a .. 1010 0 
General Electric Co., Ltd. .. E .. 1010 0 
Messrs. Kennedy and Donkin ja .. 1010 0 
F. R. Marsh .. iti a a .. 1010 0 
J. D. Dallas .. 10 0 0 
Incorporated Municipal Electrical Association 10 0 0 
I.M.E.A. Convention at Buxton .. A 8 13 6 
Sir Alexander B. W. Kennedy bs .. 10 0 0 
L. J. Kettle .. .. 10 0 0 
Scottish Centre (Entertainment F 'und) .. 10 0 0 
Sir George Sutton, Bart. .. : . 10 0 0 
J. H. Butters ad iA ii nes 7 7 0 


£ s. d. 
T. L. Eckersley 617 6 
S. R. Mullard . 6 15 0 
Western Centre : 613 4 
Birmingham Electric Club 6 6 0 
H.T. Young .. . 6 6 0 
Electrical areal Ball Committee, Swan- 
sea 0 
Sir Hugo Hirst | 5 5 0 
T. B. Mackenzie ; 0 
National Register of Electrical Installation 
Contractors . ; e 55.0 
North Midland Centre. 55.0 
T. H. U. Aldridge 5 0 0 
D. H. Davies .. 5 0 0 
E. Fawssett 5 0 0 
W. McClelland 5 0 0 
H. E. Morrow 5 0 0 
S. Morse 5 0 0 
E. A. Short 50.0 
1702 donations of andes £5 711 2 8 
6 


£1113 17 


The accumulated balance of the Income and Ex- 
penditure Account amounted on the 3lst December, 
1927, to £1 744 7s. 1d., of which £1 421 5s. 3d. was 
invested and £100 was on deposit with the Institution 
bankers. 

DONORS AND SUBSCRIBERS, 


Lists of the names of donors and subscribers during 
1927 have been published in the Journal. 

The Committee of Management desire to acknowledge 
their indebtedness to the donors and subscribers, and to 
intimate that, apart from donations, the Committee will 
be grateful for annual subscriptions of any amount. 
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The Committee are anxious that the Capital Account 
should be steadily augmented, as greater calls on the 
Fund are sure to be made in the future. 


GRANTS. 


Applications for assistance were made by or on behalf 
of 31 persons during 1927, and the Committee, after due 
consideration, made grants in 29 of the cases. 

The total amount of the grants was £1 306 13s. 4d. 


WILDE FUND. 


The Capital Account stood on the 31st December, 
1927, at £2949 6s. 7d., all of which is invested and 
brings in an annual income of about £108. 

The balance standing to the credit of the Income 
Account, from which under the Trust Deed full Members 
only can benefit, on the same date was £95 10s. 1d. 

Grants amounting to £190 were made from this Fund 
during the year. 
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Meter and Instrument Section. 


As the result of negotiations with the Meter Engineers’ 
Technical Association, the Council have set up a Meter 
and Instrument Section of the Institution for the 
reading and discussion of papers on meters, instruments 
and cognate subjects. This Section will be conducted 
on the lines of the existing Wireless Section and will 
supersede the Meter Engineers’ Technical Association, 
which, as the result of a ballot of its members, will be 
dissolved on the 31st December, 1928. 

Members of the Association who are already members 
of the Institution and those subsequently elected into 
the Institution from the Association’s membership will 
form the nucleus of the Section. In addition, members 
of any class of the Institution may apply for member- 
ship, and must satisfy the Committee which will be 
appointed by the Council to arrange the meetings of 
the Section that they are “actively engaged in the 
study, design, manufacture or use of instruments, 
meters or protective devices used in electrical engi- 
neering.” 

Members who wish to belong to the Section should 
apply by letter to the Secretary of the .Institution, 
Savoy Place, Victoria Embankment, London, W.C. 2, 
giving full information as to their qualifications for 
consideration by the Committee. 

No supplementary subscription will be payable in 
respect of membership of the Section. 

The first meeting will be held shortly, and due notice 
will be given in the technical Press. 


The Benevolent Fund, 


The following is a list of the Donations and Annual 
Subscriptions received during the period 26 September— 
25 October, 1928 :— 


£ s. d. 
Arnold, K. N. (Lucknow) és 5d .. 1*>—0 0 
Clinch, W. N. C. (Brimsdown) “6 vá 7 6 
Crooks, E. J. (Bombay) a s os 5 0 
Earle, B. L. (Brighton) oe a T 15 0 
Evans, W. T. (Glasgow) i sá a 10 90 


th 


bo or 
ANNONA ANDE aT 


Farrer, M. (Twickenham) due 
Forster, H. R. G. (Chatham) .. 
Gibson, T. (Birmingham) 

Greene, F. A. (London) 

Grey, W. J. (Shanghai) 

Hardy, A. E. (London) 

Harvey, T. H. M. (Bickley) 

Higman, H. P. L. (Barcelona) 

Lewis, T. E. (Cardiff) .. a 
Maclachlan, D. S. (Wallasey) .. 
Malcolm, H. W. (London) ; 
Nagabushanam, S. (Tiruvadi, India) 
Pickersgill, A. (Cleckheaton) .. 
Reame, A. (Lincoln) .. oa 

Scott, E. W. (Stockport) i 
Scottish Centre .. 10 
Scottish Centre (Golf Tournament) . .. 8 
Stark, G. A. (London) p in gs 
Taylor, R. H. (Liverpool) 

Thomson, G. G. (Hong-Kong) 

Turner, A. S. (Wallasey) ii T 
Walker, F. M. (Sheffield) T oe 

Wardle, G. E. (Leeds) i 

Weaver, H. G. (Newport, Mon.) 

Wiliams, J. (Manchester) 

Young, H. J. (London) 

Young, J. (Birmingham) 


pat 


= bo 
tet 


SCOOP n7nooooocoocenocdcocoacoa 


+ 


bl pi pet 
R Ot OOO On 0.00NOOoO oo 


O ooooo 


* Annual Subscription. 


Accessions to the Lending Library. 


ADMIRALTY, THE. Naval electrical manual, 1928. 
vol. 1. [Prepared by Prof. C. L. Fortescue, O.B.E., 
M.A.] 8vo. 824 pp. London, 1928 

ARCHER, R. M. Commercial electrical measuring instru- 
ments for direct and alternating current; with 
special reference to the measurement of current, 
voltage and power. 

sm. 8vo. 275 pp. London, 1928 

BARFIELD, T. J. The JP switchgear book. 

8vo. 148 pp. London, [1928] 
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Botton, D. J. 
study of the economic use and supply of electricity. 
8vo. 316 pp. London, 1928 
BRADFIELD, R., and JoHN, W. J. Telephone and 
power transmission. 8vo. 249 pp. London, 1928 
BRAZIL, H. Electrical substations. 
8vo. 222 pp. London, 1928 
BROUGHTON, H. H. Electric winders. A manual on 
the design, construction, application and operation 
of winding engines and mine hoists. 
4to. 402 pp. London, 1927 
Brown, C. W. Automatic telephony simplified. 
sm. 8vo. 176 pp. London, 1928 
Brown, F. J. The cable and wireless communications 
of the world. 8vo. 157 pp. London, 1927 
Brown, R. E. Alternating-current machinery. A text- 
book on the theory and performance of generators 
and motors. 8vo. 285 pp. New York, 1927 
Capy, F. E., and Dates, H. B., editors. Illuminating 
engineering. Prepared by a staff of specialists. 
2nd ed. 8vo. 530 pp. New York, 1928 
CHURCH, E. F. Steam turbines. 
8vo. 283 pp. New York, 1928 
CorFIN, J. G., Ph.D. Vector analysis; an introduction 
to vector-methods and their various applications 
to physics and mathematics. 2nd ed. 
sm. 8vo. 284 pp. New York, [1911] 
CONNAN, J. C., O.B.E. Data for engineering inquiries: 
a collection of forms giving a schedule of particulars 
which should be included in an inquiry for a large 
number of different engineering accessories. 
8vo. 339 pp. London, 1927 
CROMPTON, Col. R. E., C.B. Reminiscences. 
8vo. 252 pp. London, 1928 
CROWTHER, J. A., M.A., Sc.D, Molecular physics and 
the electrical theory of matter. 4th ed. 
sm. 8vo. 210 pp. London, 1927 
Draycott, G. E. Technical drawing: a manual for 
evening classes and junior technical schools. 
sm. 8vo. 239 pp. London, 1927 
DupLey, A. M. Induction motor practice. 
8vo. 247 pp. New York, 1928 
DUNELL, H. British wire-drawing and wire-working 
machinery. With a foreword by Sir W. Peter 
Rylands. la. 8vo. 202 pp. London, 1925 
FLEMING, J. A., M.A., D.Sc., F.R.S. The interaction 
of pure scientific research and electrical engineering 
practice. A course of advanced lectures delivered 
before the University of London, October and 
November, 1926. 8vo. 245 pp. London, 1927 
FREESTONE, A..G. The call indicator system in auto- 
matic telephony. sm. 8vo. 124 pp. London, 1928 
GEAR, H. B., and WiLLIams, P. F. Electric service 
distribution systems: their design and construction. 
3rd ed. 8vo. 496 pp. New York, 1926 
GoopricH, W. F. The utilisation of low grade and 
waste fuels. la. 8vo. 387 pp. London, 1924 
GUNTHERSCHULZE, A. Electric rectifiers and valves. 
Transl. and revised by N. A. de Bruyne. 
8vo. 221 pp. London, 1927 
Hay, A., D.Sc. An introductory course of continuous 
current engineering. 3rd ed. 
8vo. 396 pp. London, [1928] 


Electrical engineering economics. A | HuTcHINSON, R. W. A first course in wireless. 


sm. 8vo. 270 pp. London, 1926 

KARAPETOFF, V. Experimental electrical engineering. 

3rd ed. 2 vol. 8vo. New York, 1922-27 

Kavura, R. J., and RobBInsoN, I. V. Condensing plant. 

A complete treatise on the principles and details of 

construction of modern steam condensing apparatus. 

8vo. 413 pp. London, 1926 

KEEN, R. Wireless direction finding and directional 
reception. 2nd ed. : , 

8vo. 496 pp. London, [1927] 

The first edition, published in 1922, has title 

“ Direction and position finding by wireless.” 
Kemp, P. Alternating current electrical engineering 


[3rd ed.] 8vo. 586 pp. London, 1927 
LARNER, E. T. Practical television. With a foreword 
by J. L. Baird. 8vo. 175 pp. London, [1928] 


Lewis, W. W. ‘Transmission line engineering. 
8vo. 368 pp. New York, 1928 
Loew, E. A. Electrical power transmission. Principles 
of design and performance. 
8vo. 401 pp. 2 charts, folded at end of vol. 
New York, 1928 
MATTHEWS, R. B. Electro-farming, or the application 
of electricity to agriculture. 
8vo. 373pp. London, 1928 
Maycock, W. P. Electric lighting and power distri- 
bution: dealing with the fundamental principles of 
electricity in their application to the electrical 
engineering industries. 9th ed., revised by C. H. 
Yeaman. vol. 1. sm. 8vo. 575 pp. London, 1926 
Electric wiring, fittings, switches and lamps: a 
supplement to the author's work ** Electric lighting 
and power distribution.” 6th ed., revised by P. 
Kemp. sm. 8vo. 646 pp. London, 1928 
Monk, S. G. Classified examples in electrical engineer- 
ing. 2 pts]. 8vo. London, 1928 


Pt. 1, Direct Current, 
Pt. 2, Alternating Current. 


MORECROFT, J. H. Principles of radio communication 
by J. H. M., assisted by A. Pinto and W. A. Curry. 


2nd ed. 8vo. 1015 pp. New York, 1927 
NiLsoN, A. R., and Hornune, J. L. Practical radio 
telegraphy. 8vo. 389 pp. New York, 1928 


PALMER, L. S. Wireless principles and practice. | 
8vo. 515 pp. London, 1928 
PETERS, L. J. Theory of thermionic vacuum tube 
circuits. 8vo. 265 pp. New York, 1927 
RiDGE, C. H. Stage lighting. 
8vo. 217 pp. Cambridge, 1928 
Rounp, Capt. H. J., M.C. The shielded four-electrode 
valve. Theory and practice. 
sm. 8vo. 95pp. London, [1927] 
Simmons, J. J. The efficient boiler house. A practical 
treatise for the guidance of boiler house operators. 
sm. 8vo. 142 pp. London, 1926 
SMITH, C. F. The testing of continuous current 
machines. sm. 8vo. 112 pp. London, 1921 
SmITH,*S. P., D.Sc. The electrical equipment of auto- 
- mobiles: a book on principles for motor mechanics 
and motorists. sm. 8vo. 139 pp. London, 1927 
STILL, A. Electric power transmission. 3rd ed. 
8vo. 429 pp. New York, 1927 
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RICCARDO ARNO, son of a distinguished professor 
of mathematics and natural philosophy, was born in 
Turin on the Ist January, 1866. When 22 years old 
he took an engineering degree at the Turin Polytechnic, 
and a year later was appointed assistant to Galileo 
Ferraris, who was then professor at the Royal Industrial 
Museum at Turin. He soon became well known in 
scientific circles for several interesting researches, in 
many of which he collaborated with Prof. Ferraris 
himself. In 1896, on the death of Prof. Ferraris, he 
succeeded him as professor. Three years later he was 
appointed professor of electrotechnics at the Milan 
Polytechnic and retained that position to the end of his 
very active life, during which he published more than 
100 original papers. Having had the opportunity of 
collaborating with Ferraris, his work was mainly a 
continuation of the latter’s noteworthy experiments 
on rotating fields and polyphase currents and included 
researches on phase transformers, the rotation of 
dielectrics in rotating electric fields, and hysteresis loss 
in dielectrics. He also invented the phasemeter and 
devised a method of starting synchronous machines 
and the well-known system of charging for electrical 
energy which takes into account the power factor of 
the load. His activities extended into many other fields, 
among which may be mentioned a telephonic galvano- 
meter, an ingenious wave detector, a high-frequency 
generator which, before the invention of the triode, was 
the only static one known, and various problems in 
connection with the applications of electricity to traction, 
heating, smelting, and domestic use. As a professor 
he was bright and convincing in his exposition, and his 
lectures were followed with enthusiasm by his students. 
He was devoted to his mother and never married. He 
was elected a Foreign Member of the Institution in 1900, 
and a Member in 1911. G. S. 


ALFRED ROSLING BENNETT, who was born in 
London on the 14th March, 1850, and died on the 24th 
May, 1928, was elected a Member of the Institution in 
1876. He was, perhaps, the most interesting of the 
pioneers of telephony in this country. When the writer 
of this notice started telephone work with him at Glasgow, 
in 1882, Mr. Bennett’s was a very active, alert and high- 
spirited personality. He had a new business to create 
and he brought to bear on it great initiative and ori- 
ginality of design. His over-roof pole-and-wire work 
remains standard to-day. Ata later date switchboards 
of his own design were fitted in all the municipal and 
other exchanges, and the operators’ instruments intro- 
duced there have become the standard for the world. 
For many years he was much in the limelight as an 
advocate for popularizing the telephone by giving cheap 
and efficient service; and in conjunction with that he 
advocated municipal ownership of local services. There 
was considerable opposition to the development of 


municipal exchanges and, in the end, one by one his 
installations disappeared, until to-day only Hull and 
Guernsey remain as municipal systems. Hull is being 
converted to automatic working, but Guernsey flourishes, 
the rates being low and the percentage of telephones 
higher than in any other town in this country. His 
book describing the system shows the happy relationship 
that existed between him and his staff and the public. 
Most of the avenues for the exploitation of telephony 
being thus closed, Mr. Bennett showed his versatility 
by taking up literary work and locomotive engineering— 
the latter so eftectively that in 1911 he was elected 
vice-president of the Institution of Locomotive Engineers. 
His literary work embraces the following :—‘‘An Electric 
Parcels Exchange,” ‘‘ The Telephoning of Great Cities ”; 
“Some Lessons in Telephony”; “* The Telephone 
Systems of the Continent of Europe”; ‘‘ The Convec- 
tion Mill” and “ Convection Calorimeter ”’ (two of his 
inventions); ‘‘ Proposals for London Improvements ”; 
“The First Railway in London”; “' The Sagas of 
Guernsey,” a poem of 79 nine-line stanzas; ‘‘ Welcome,” 
a poem on the occasion of the visit of the King and Queen 
to Guernsey; ‘‘ London and Londoners in the 1850’s 
and 1860's,” which was excellently reviewed in all the 


leading papers; “The Guernsey Telephone System”; 


““The Chronicles of Boulton’s Sidings” (on locomotives) ; 
and “A History of British Telephones, Electric Light and 
Traction ” (left unfinished). He went to India in 1869 
in the service of the Indian Government Telegraph 
Department and was four years in the East. In 1877 
he erected the first over-roof metallic circuit line in 
London in connection with Varley’s musical telephone. 
In May 1880 he was appointed engineering superin- 
tendent for the East London District of the United 
Telephone Co. In 1881 he was engineer of the Glasgow 
Commercial Telephone Exchange (where the first all- 
night telephone service was then given). In 1881 he 
patented his telephone translator (repeater) for con- 
necting metallic circuits to single-wire lines. In 1882 
he produced his corrugated insulator to replace the 
shackle insulators in use. In 1881 he brought from 
France bronze wire, first using No. 20 and then No. 18 
gauge to replace the heavy iron wire. In 1883 he joined 
the National Telephone Co. as general manager for 
Scotland (with the exception of Glasgow and the West 
of Scotland district) and the North-Western English 
counties, a position which he occupied until October 
1890. He introduced the designation “ junction ” for 
local inter-office lines. On trunk lines he used the cross- 
connecting method of neutralizing cross-talk. After 
leaving the National Telephone he was general manager 
of the Mutual Co., and in 1892 was general manager 
and chief engineer of the New Telephone Co. In 1897 
he visited the United States and examined the Strowger 
automatic system. In Fielden’s Magazine of October 
1899 he wrote of it: ‘‘ That the principle of this ingenious 


1234 


OBITUARY NOTICES. 


. invention is correct and that it has already been brought 
to a remarkable degree of perfection cannot be 
questioned.” In 1881 he had charge of the first electric 
light installations in Scotland and fitted the first coal- 
mine installation. In 1890 he was the originator of 
the Edinburgh International Engineering Exhibition. 
The tramway round the grounds was the first overhead 
trolley-line system to operate in Scotland and one of 
the first in the kingdom. After forty years Mr. Bennett 
and the writer of this notice met again at intervals, 
but the erect form was now bent and aged. The 
intellect was still keen, and an astounding memory 
made conversation most racy and interesting. At 78 
he was still at work, travelling, consulting and planning 
for the future “if spared.” He was feeling well and 
pleased with his trip to various places on the Mediter- 
ranean and added that he only needed some treatment at 
Matlock to make him fit to carry on, and that we should 
meet again on his return journey. Serenely he reviewed 
the past and as serenely he looked forward—happy 
man. W. A. 


WILLIAM ASHCOMBE CHAMEN, who died on the 
13th August, 1928, was born at New Cross in 1864 and 
was educated at Forest School, Walthamstow. He 
received a mechanical training at the works of Messrs. 
James Gibb and Co. at Plymouth, and then joined 
Messrs. Crompton and Co., with whom he remained 
altogether 17 years. During the early part of that period 
he was responsible for carrying out many important 
contracts, including the arc lighting of King’s Cross 
Station, London. After taking charge of Messrs. 
Crompton’s exhibit at the Munich Exhibition, he resided 
for some time in Italy and installed electric lighting 
plant in several mills. On returning to England he was 
entrusted with the electric lighting of the Royal Courts 
of Justice, one of the first glow-lamp installations in 
this country. He became chief outdoor engineer to 
Messrs. Crompton and took a large part in the design 
and equipment of two power stations for the Kensington 
and Knightsbridge Electric Lighting Co., a power 
station for Barry Dock, and installations at Liverpool 
Street Station and Southampton Docks, as well as the 
electric railway on Southend pier. Subsequently he 
was responsible for the municipal generating plants at 
Dewsbury and Yarmouth, and electric lighting at 
Birkenhead and South Kensington Museum. In 1896 
he was appointed city electrical engineer of Glasgow, 
an appointment which he held until 1905. During that 
period the generating stations at Port Dundas and St. 
Andrew’s Cross were constructed. On leaving Glasgow 
he joined the firm of Messrs. Bramwell and Harris, 
consulting engineers, who were at that time engaged 
in connection with several electric power companies’ 
schemes, and shortly afterwards he was appointed 
engineer and manager of the South Wales Electrical 
Power Distribution Co., a position which he held until 
December 1927, when he joined the board of directors 
of that company and the South Wales Power Co., Ltd. 
He led a very busy life, devoted a great deal of attention 
to church work, and was always ready to give a helping 
hand to those less fortunate in life. He married in 1889 
_ and had a daughter and two sons, one of whom was 


killed in action in France in 1916. He joined the 
Institution as an Associate in 1884, was elected a Member 
in 1894, and served on the Council in 1893-4, 1903-7 
and 1913-15, and as vice-president in 1918-21. He 
also served for many years on the Committee of the 
Glasgow Local Section (now Scottish Centre), being 
Chairman of that Section in 1903-4 and of the Western 
Local Section in 1913-14. He was president of the 
Incorporated Municipal Electrical Association in 1900-1. 
In December 1923 he was elected president of the South 
Wales Institute of Engineers and for his presidential 
address to that Institute in January 1924 took for his 
theme the blending, by the profession and practice of 
the Christian Faith, of all classes in a united effort for 
the common weal. C.T. A. 


EDWARD COX-WALKER was born at Stockton-on- 
Tees on the 26th October, 1838, and was educated at 
the Commercial College, York. At the early age of 
14 he entered the service of the original Electric Tele- 
graph Co. asa junior operator at York under Mr. Theodore 
de Chesnel. In 1858 he was appointed telegraph super- 
intendent by the West Hartlepool Harbour and Railway 
Co., remaining with that company for about four years. 
After spending a few years in London and Liverpool he 
returned to York and acted as manager for Messrs. 
Thomas Cooke and Sons, astronomical instrument 
makers, from 1868 until 1880. In 1876 he became 
interested in telephony—Graham Bell having invented 
the telephone shortly before that time—and his experi- 
ments brought him into friendship with many well- 
known engineers, including Willoughby Smith, Edward 
Graves, Silvanus Thompson, Campbell Swinton, Sir 
William Preece and the Rev. H. Hunnings. He colla- 
borated with the last mentioned and had much to do 
with the development of the well-known Hunnings 
granulated carbon transmitter, which is now universally 
used in modified forms. In 1880 he settled in Darlington 
and established an electrical engineering business in 
partnership with Mr. Harrison, the firm being known 
as Harrison, Cox-Walker and Co., and specializing in 
telephones, electric tell-tales and signalling apparatus 
for mines. He still carried out numerous experiments, 
with the object of improving on the Bell receiver, and 
he patented duplex, quadruplex and octoplex instru- 
ments. The firm also manufactured Campbell Swinton 
instruments for the Equitable Telephone Association, 
Ltd., and later took up electric lighting and power work. 
The business, which became one of the best known in the 
North of England, was formed into a limited company 
and is still carried on as Cox-Walkers, Ltd. He retired 
from the business in 1923 and died on the 27th May, 
1928. He joined the Institution in 1882 as an Associate 
and was transferred to full membership in the same 
year. . 


HAROLD DICKINSON was born in Wolverhampton 
in 1867 and was educated at Tettenhall College, Wolver- 
hampton. He entered the workshops of Messrs. Elwell- 
Parker of Wolverhampton in 1883 and, after passing 
through the various departments, went to Mason's 
College, Birmingham, to complete his technical training. 
In 1888 he obtained an appointment with the House- 
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to-House Co. (now Brompton and Kensington Co.) 


of London, but soon left them to take up an appoint- 
ment in Madrid as assistant engineer. A year later he 
returned to this country and joined the staff of Messrs. 
Hammond and Co., supervising the installation of the 
electricity supply station for Dublin Corporation. In 
1893 he was appointed engineer and manager of the 
Yorkshire _House-to-House Electricity Co., and held 
that position until the undertaking was purchased by 
the Leeds Corporation in 1898, when he retained the 
position of manager of the undertaking. At the end of 
1912 he was appointed city electrical engineer of Liver- 
pool, and in March 1922 the City Council also appointed 
him city lighting engineer. On his appointment as 
city electrical engineer he at once took steps to increase 
the capacity of the Lister Drive generating station 
known as No. 1. The re-modelling of the boiler plant 
was so satisfactory that turbines of much greater capacity 
than had been originally planned were installed in the 
existing building, and the total capacity of the station 
was raised from 8400kW to 35000 kW. Later, in 
1919, two 12 500-kW turbo-alternator sets were installed 
in No. 2 station, in place of four 2000-kW turbo- 
alternator sets, thus increasing the total output of 
Nos. land 2 stations after reconstruction to 70 000 kW, 
in place of the original combined capacity of 28 400 kW. 
This arrangement enabled the Electricity Committee 
to defer the construction of a new power station for 
several years. Commencing in 1913 he installed static 
substations in the large works in Liverpool and in the 
residential parts of the city and, later, rotary-convertor 
automatic substations—the first of their kind in this 
country—were also installed. Under his supervision 
the development of street electric lighting proceeded 
rapidly, and subsequently to his appointment in 1922 
as city lighting engineer nearly 100 miles of roads were 
lighted electrically. His relations with his staff were 
very friendly, while at the same time he had a reputation 
for firmness in all his dealings and expected from others 
the same conscientious care that he himself was prepared 
to give. A few months before his death, which took 
place on the 27th November, 1927, Liverpool University 
conferred on him the Honorary Degree of Master of 
Engineering. He was elected a Member of the Institu- 
tion in 1897, served as Chairman of the Leeds Local 
Section (now North Midland Centre) in 1903-4 and as 
Local Honorary Secretary from 1906 to 1912, was a 
Member of Council in 1910-13 and 1915-18, and. was 
Chairman of the Liverpool Sub-Centre (now Mersey and 
North Wales Centre) in 1920-21. 


HENRY EDMUNDS was born at Halifax, Yorkshire, 
on the 20th March, 1853, and died on the 18th November, 
1927, at Hove, Sussex. At an early age he entered 
the business in which his father was a partner (Edmunds 
and Hookway, engineers and iron merchants), and as a 
youth he studied scientific books. His first introduc- 
tion to electrical matters arose when Mr. Louis John 
Crossley (a partner in the carpet manufacturing firm 
and M.P. for Halifax) came to the warehouse to ask 
for some zinc plates for a battery. Henry Edmunds 
asked if he would have them plain or amalgamated; 
this led Mr. Crossley to take an interest in the young 
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man, and to his giving him a ticket to see the first 
demonstration of electric light ever given in England, 
by Jablochkoff in May 1877. There he met Richard 
Werdermann, at whose instance he went to America 
to develop the Werdermann system of arc lighting. 
Nothing, however, came of it, but whilst there he met 
Mr. William Wallace, who also was an electrical inventor, 
with the result that he brought to England in December 
1887, when he was 24 years of age, the first Farmer 
Wallace dynamo and arc lamps, which were installed 
in Liverpool Street railway station in 1878, being the first 
example in England of public lighting by direct-current 
arc lamps in series. On this same visit to America he 
met Edison in his small laboratory at Menlo Park, and 
there heard the first reproduction of articulate speech 
by the tinfoil phonograph, the pioneer of the modern 
gramophone. In 1880 he became a partner with 
Sir Joseph Swan for the exploitation out of England 
of the Swan lamp, and he had a commission of 5s. on 
each lamp sold, the price then being 25s. He took part 
in the formation of the Anglo-American Electric Light 
Co., which subsequently became the Brush Arc Light 
Co. which is still in existence as the Brush Electrical 
Engineering Co. In 1881 he received the order to 
fit H.M.S. “ Inflexible ” with electric light, the first 
warship so fitted, and in the same year he fitted the 
“City of Richmond,” the first Atlantic liner lighted 
electrically. It is necessary to jump much of Henry 
Edmunds’s electrical pioneer work and to come to 1886 
when he joined Mr. Walter Glover in partnership, the 
foundation of the firm of W. T. Glover and Co., Ltd., 
as it is now. Mr. Glover died in 1893 and Mr. Edmunds 
became the sole partner, being afterwards joined by 
Mr. Godfrey Samuelson, and a few years later the 
business was turned into a limited company. This 
business began by utilizing machinery which had been 
made for braiding the steel hoops of crinolines, for 
braiding copper wire with cotton, and subsequently 
wires insulated with pure rubber strip and later 
vulcanized rubber wires, paper-covered cables, etc., 
were made. Mr. Edmunds was the means of found- 
ing the Cable Makers’ Association in 1899 and was 
one of the first chairmen of the Council. Mean- 
time Mr, Edmunds, who in 1877. had been an ardent 
cyclist, purchased in Paris in 1898 a De Dion. 
motor tricycle, one of the. first seen in England; 
in 1899 he had a Coventry-built Daimler motor-car of 
4 h.p., and the Automobile Club of which he was one 
of the founders holding a 100-mile trial, this car took 
part in it. In 1901 he had a 10-h.p. Daimler car. It 
was about 1902 or 1903 that he became acquainted 
with Parsons, the inventor of the non-skid chain, which 
he commercially introduced throughout the world. It 
was Mr. Edmunds who introduced Mr. Rolls to Mr. 
Royce, thus founding the world-famous firm. In 
1902-3 he was interested in introducing into England . 
the process which had been developed in America of 
burning Portland cement in rotatory kilns, the now 
almost universal practice. Perhaps the last innova- 
tion which he undertook to pioneer commercially was 
an invention of his son for photography in three dimen- 
sions, as it were, which enabled a cameo to be cut by 
a machine. It was a remarkably clever process but 
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there was an insufficient demand and the process was 
not a commercial success. Mr. Edmunds was twice 
married; his first wife died about a year after their 
marriage, his second, who was Miss Howard, an American 
lady, only surviving him for a few months. He leaves 
a daughter and two sons. He joined the Institution as 
an Associate in 1878 and was elected a Member in 1881. 

Lı. B. A. 


FRANCIS EDWARD GRIPPER,'who died on the 
7th December, 1927, was a pioneer in private electric 
light installations and also in the introduction of electric 
lighting into many of the smaller towns. He was born 
in 1852, and in 1874 joined the firm of Edmundsons 
and Co., of Dublin and London, as their London manager. 
The firm of Edmundsons were originally ironmongers 
in Dublin. They were also pioneers in the use of gas 
lighting, both for country house and town lighting, 
with the result that, at an early age, Mr. Gripper became 
associated not only with gas plants but also with some 
of the first attempts at electric lighting, as, for instance, 
the experimental lighting of the Central Hall of the 
Houses of Parliament in the year 1878, with two Serrin 
arc lamps supplied by Gramme arc-lighting dynamos. 
In those days, incandescent lamps cost 25 shillings each, 
and the frequent breakages of these expensive lamps, 
owing to irregularities in voltage, were very distressing. 
As early as 1881 Mr. Gripper had carried out one of the 
earliest, and at that time the largest, installations of 
country-house incandescent lighting for the late Lord 
Amherst of Hackney (then Mr. Tyssen-Amherst) at 
his large mansion in Norfolk, using 250 Swan lamps 
(by then reduced in price to 5 shillings each), Siemens 
dynamos, and a gas engine supplied from the private 
gas-works which had been erected by Edmundsons some 
years previously. At first, there were no storage batteries 
and the lighting had to be shut off after a certain hour. 
From the year 1883 onwards, Messrs. Edmundsons, 
under Mr. Gripper’s management, carried out a large 
number of private installations throughout the country, 
chiefiy in large country houses, while in those days it 
was not unusual to supply temporary installations in 
large houses, both in London and in the country, for 
balls and parties, portable storage batteries being sent 
down to supply the necessary energy. After 1883 no 
further private installations of gas-works were put down 
by Edmundsons, as electricity was then being found 
so much more convenient. Later, Mr. Gripper conceived 
the idea of the supply of public electric lighting for a 
large number of towns which up to then it had been 
thought could not be economically supplied at prices 
which, on the one hand, were low enough to attract 
the consumer, and, on the other hand, would bring in 
sufficient revenue to pay adequate interest on the capital 
outlay. The first public supply was started by Mr. 
Gripper at Shrewsbury in 1894, and three years later 
Edmundsons Electricity Corporation, Ltd., was formed, 
with Mr. Gripper as managing director. Great activity 
ensued, and Provisional Orders were obtained in various 
towns all over the country, Edmundsons and its sub- 
sidiary company, the Urban Co., probably being respon- 
sible for the starting of electricity undertakings in many 
more towns than any other single organization. In 
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all this work Mr. Gripper acquired a vast amount of 
knowledge, not only as to methods of cabling and wiring, 
but also more especially in connection with the procedure 
required at the Board of Trade for obtaining and working 
Provisional Orders, and later he took a leading part in 
the starting and organization of the Lancashire Power 
Co., which eventually obtained the first purely electrical 
power company Act, this forming a precedent for most 
of the other electric power company Acts. Mr. Gripper 
continued his work on the Lancashire Power Co., and 
on numerous boards of local and other companies 
connected with Edmundsons and the Urban Co., until 
1927, when failing health compelled him to resign his 
positions. He was elected an Associate of the Institution 
in 1881 and a Member in 1896, and served on the Council 
from 1903 to 1906. For a number of years he also took 
a considerable part in the Provincial Electric Supply 
Committee of the United Kingdom, where his almost 
unique knowledge of the procedure required in con- 
nection with the administration of the Electric Lighting 
Acts proved of great value to the Committee and the 
many companies associated with it. He was greatly 
esteemed by all who knew him, not only for his extensive 
knowledge and his business abilities, but also for his 
genial and even temperament and for his marked fairness 
of view. A. A.C.S. 


JAMES WILFRED HARRIS was educated at King 
Edward’s School, Birmingham, and served his time as 
a pupil at Piercy’s Works in that city, and at the Electric 
Construction Co., Wolverhampton. At the latter place 
he went through the shops, the drawing office, and the 
testing and estimating departments, and was two years 
on outside work equipping central stations and tram- 
ways. After leaving the Electric Construction Co. he 
was engaged during the following two years inspecting 
engineering work in Egypt, India, Burmah, China, and 
Japan. He then spent 12 months on the Pacific Coast 
of America, inspecting high-tension hydro-electric long- 
distance transmission schemes. Later he was an engineer 
in charge of a shift at the works of the West Kootenay 
Electric Supply Co., which transmitted power from the 
Kootenay River to the mines and towns within a radius 
of from 50 to 60 miles. He then went to Pittsburg 
and, after spending some time in the works and power 
houses of the Westinghouse Electrical and Manufac- 
turing Co. and the Westinghouse Machine Co., of Pitts- 
burg, was sent over to this country to install the power 
and hydraulic plant and machine tools at Trafford Park, 
Manchester. He was engineer of works, having charge 
of all buildings, railway tracks, power plant, machine 
tools, and iron and steel foundries for several years. 
He was afterwards appointed electrical engineer to the 
Dominion Iron and Steel Co. of Sydney, Nova Scotia, 
and had charge of all the electrical and mechanical plant, 
with exceptional opportunities of seeing electricity take 
the place of steam for application to all heavy-duty 
machinery such as rolling mills, cranes, charging devices, 
strippers, unloading devices, etc. In the design and 
application of plant for the generation and distribution 
of steam, gas, air and electricity he had large experience, 
and at the time of his death on the 14th January, 1928, 
he was joint governing director of Alfred Wiseman, Ltd., 
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of Birmingham. He was elected an Associate Member 
of the Institution in 1905 and a Member in 1910. 
S. T.A. 


JOHN HEWETT, B.A., born in 1865, was the eldest 
son of Col. Hewett, R.M.A., a distinguished Crimean 
veteran. He was educated at the United Services 
College, Westward Ho, and King's College, London, 
an early memory of him at the former college being 
perpetuated as the fag rescued by “Stalky ” in Kipling's 
** Stalky and Co.” His training, like that of most others 
in the early days of the electrical industry, was varied, 
the most valuable being that at Messrs. Siemens's works 
at Woolwich, supplemented by railway-engine building 
in England, pioneer generating-station work at Chiswick 
and Westminster, working as assistant to leading 
consulting engineers such as Sir James Szlumper, and 
finally a visit to Mexico, from which troublous land he 
carried, as a memento, a bullet in his neck for the rest 
of his life. Returning, with ripe experience, to England 
he first entered the field of invention, being connected 
with the Chard Vitagraph, the first practical cinemato- 
graph, an electric hair dryer and a heat controller for 
restaurant purposes, all of which have now become 
standard products in a perfected form. The success of 
electric light for theatrical purposes provided a field 
for his enterprise and imagination, and he became 
responsible for the illumination of a series of theatres 
in England and France. Subsequently he was 
associated with the firm of Harrap, Hewett and Duffield, 
consulting engineers specializing in cold storage. He 
retired from the firm during the early part of the War 
to undertake services of national importance in con- 
nection with the manufacture of telephones and aeroplane 
engines and the confidential supervision of factories 
for the Ministry of Munitions. At the termination of 
hostilities he continued, under his own name, his work 
as consultant, in connection with special electric power 
applications, until his death, which occurred on the 7th 
January, 1928. Outside his profession he had many 
interests, and was a pioneer in automobilism and one of 
the founders of the Royal Automobile Club. By his 
readiness at all times, in spite of personal sacrifice, to help 
others, he endeared himself to a large circle of pro- 
fessional and lay friends, who, while deploring his 
untimely death, will treasure his memory. He joined 
the Institution in 1888 as an Associate, and was elected an 
Associate Member in 1899 and a Member in 1903. J.E. 


JOHN PITMAN HOOPER, son of the late William 
Hooper, was born in 1847 and was educated at Brighton, 
Neuweid-on-the-Rhine, and Vevey, Switzerland. He 


commenced his professional career at his father’s tele- _ 


graph and indiarubber works, then at Mitcham Common, 
assisting in the manufacture of Hooper’s rubber core 
for submarine cables, which obtained the only gold 
medal awarded to English telegraph cables at the Paris 
Exhibition of 1867. From 1865 to 1871 he was engaged 
upon the manufacture of the core for, among others, 
the Ceylon-India, Persian Gulf, Anglo-Danish, Anglo- 
Norwegian, Hong-Kong, and Vladivostock cables, and 
accompanied the expedition for laying the last-mentioned. 
From 1872 to 1875 he superintended the manufacture 


of various telegraph cables for South and Central 
America. On the death of his father in 1878 he became 
manager of the firm, and continued as managing director 
on its reconstruction, in 1894, as Hooper’s Telegraph 
and Indiarubber Works, Ltd. In 1911 he became 
chairman of the company, and served in that capacity 
until his death on the 12th March, 1928. He was 
created a Chevalier of the Order of the Rose of Brazil 
by the late Emperor of that country. He was one of 
the earliest members of the Institution, having been 
elected a Member in 1873. 


THOMAS WILLIAM STAINER HUTCHINS was 
born on the 8th November, 1880, and died on the 26th 
May, 1927. He was the son of the late Mr. Thomas 
Hutchins, a civil engineer, and received both his general 
education and his technical education by private tuition. 
He then obtained practical experience in the works of 
Messrs. Edison and Swan. From 1898 to 1901 he held 
appointments in the telegraph department of the London 
and North Western Railway Co., first as draughtsman 
and subsequently as assistant manager of the depart- 
ment. In 1901 he was appointed station engineer at 
the Hanley Corporation electricity works, but resigned 
two years later to join the Industrial Engineering Co., 
of Hyde, with whom he held positions as outside engineer, 
chief engineer and assistant to the general manager. 
From 1905 to 1907 he was managing director of the 
Mersey Engine and Producer Co., of Liverpool. In the 
latter year he joined the Power Gas Corporation, Ltd., 
of Stockton-on-Tees, as sales manager and engineer, 
and superintended the manufacture and marketing of 
his various patents in connection with power plant. 
In 1914 he formed and became managing director of 
Electro Bleach and By-Products, Ltd., of Middlewich, 
Cheshire, which took over the works of the Electrolytic 
Alkali Co., Ltd., and reconstructed them. The pro- 
cesses carried out at the re-equipped works were the 
manufacture of heavy chemicals by electrolytic methods. 
The company’s works came under the control of the 
Ministry of Munitions during the War and he devoted 
the whole of his time and inventive genius to the 
speeding-up of production. After the War he continued 
to serve as managing director of the company and also 
had interests in a number of other companies which 
controlled his patents. These patents included the 
fusion rotary retort for the production of oil and spirit 
from bituminous materials by low-temperature dis- 
tillation, a dust extractor, and methods of depositing 
metals by electrolytic processes. He was elected an 
Associate Member of the Institution in 1912 and became 
a Member in 1920. 


WALTER CLAUDE JOHNSON, who died on the 
2nd June, 1928, in his 81st year, was born at Sidmouth, 
Devonshire, in 1847. After being educated at Victoria 
College, Jersey, he became, in 1864, an articled pupil 
of the late Sir D. Gooch, then engineer-in-chief of the 
Great Western Railway, and later served a five years’ 
apprenticeship at the Vulcan Foundry, Newton-le- 
Willows. He then went to King’s College, London, to 
study engineering construction and mechanical science 
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In 1869 he joined the engineering staff of the Telegraph 
Construction and Maintenance Co. of East Greenwich, 
and was selected to superintend the conversion of the 
S.S. “ Great Eastern ” for cable laying. His services 
were also requisitioned for designing machinery for the 
laying, recovering and making of submarine cables, 
many of his inventions being adopted by the company. 
He was selected to accompany the laying of the first 
cable to India and was in charge of part of the cable- 
laying machinery. On his return to England he planned 
the reconstruction of ships, and later proceeded with these 
to lay cables in Malaya and the Far East. In 1875 he 
entered into partnership with Mr. Samuel Edmund 
Phillips, and the firm of Johnson and Phillips came into 
being. Their first workshop is still standing at Charlton. 
Telegraphy was, in 1875 and for several years after- 
wards, practically the only commercial application of 
electricity, and the new firm’s first business was the 
manufacture and sale of submarine telegraph-cable 
machinery and stores for cable steamers. In the design 


of the machines and gear by which the early cables were © 


laid he had had to improvise, but with the founding of 
his firm he was able to give his attention to the scientific 
design of such machinery, drawing on his special technical 
knowledge and large experience, the result being that 
the bulk of the paying-out, picking-up, and cable- 
handling machinery of the world’s cable fleet has been 
designed and made at Charlton. After his partner died he 
was for 25 years, until the formation of the limited com- 
pany, sole proprietor of the firm, and up to a few weeks 
before his death was chairman of the board. When electric 
lighting began to be talked about he was quick to appre- 
ciate the possibilities of a new industry, and a depart- 
ment was formed at Charlton at an early date for the 
manufacture of alternators, dynamos, transformers, 
switchgear and all the usual electric-lighting accessories. 
The once well-known Brockie-Pell arc lamp was manu- 
factured at Charlton by his firm. From cable-laying 
machinery to cable-making machinery was perhaps a 
natural transition, and when the demand for insulated 
cables for electric lighting arose he equipped part of the 
Charlton works for the manufacture of cable-making 
machines. These were designed in the first instance 
for rubber covering, but, as time went on, machines 
for dealing with the heaviest classes of paper-insulated 
and armoured cables were constructed. He was actively 
interested in the formation of the Cable Makers’ Associa- 
tion and its subsequent development. In 1874 he built 
and equipped works at Charlton for making storage 
batteries and, with Mr. Bernard Drake, formed the 
D.P. Battery Co., Ltd., which built large works for the 
same purpose at Bakewell, Derbyshire. For 35 years 
he was chairman of this company. He also took a large 
part in the formation of the present Tudor Accumulator 
Co. He was of a somewhat retiring disposition, and 
never sought the publicity so often striven after by men 
of large fortune. A man of very liberal views, he was 
generous, to a fault and those who came in contact with 
him will remember his kindly nature, the instances of 
his practical sympathy having been many. Apart from 
his business activities he took a great interest in matters 
artistic. Himself a painter of no mean order, in 1901 
he founded the Connoisseur, a leading magazine of art 


known all over the world. He was elected a Member 
of the Institution in 1875. W. B.E. 


ROBERT KNOX, M.D., C.M.(Edin.), M.R.C.P. 
(Lond.), D.M.R.E.(Camb.), died on the 23rd September, 
1928, in his 6lst year, and by his death radiology sus- 
tained a serious loss. The services which he rendered 
to this branch of medicine are well-nigh inestimable, and 
it is not too much to say that the present-day standard 
and status of radiology in England are largely due to his 
wise foresight and strenuous labour. After receiving his 
medical education at Edinburgh and obtaining the 
degrees of M.B. and C.M. in 1892, he commenced general 
practice in Highgate in 1894. After the discovery of 
X-rays he foresaw the important part which they were 
destined to play in medicine, and he began to devote 
every moment he could spare from general practice to 
their study. Gradually he relinquished general practice 
and worked as a specialist in Harley Street, obtaining the 
appointment of radiologist to the Royal Northern Hos- 
pital. In addition to his private and hospital work he 
was always investigating and experimenting, effecting 
improvements in technique and obtaining better and 
better skiagrams of regions which had hitherto been very 
difficult to examine by X-rays. Soon he obtained a 
large private practice and he was elected radiologist to 
King’s College Hospital and the Cancer Hospital. His 
work was well known abroad and many distinguished 
radiologists from the Continent and America came to 
visit him at his clinic at the last-mentioned hospital. He 
was equally strenuous in his efforts to improve the status 
and position of radiology. In all the societies dealing 
with the subject he served at various times as a member 
of council, secretary, vice-president and president, and by 
his counsel and wisdom always exerted a vitalizing and 
invigorating influence. He did much to bring the 
Röntgen Society into a flourishing condition in the days 
when it was in a languishing state, and he played a 
leading part in its amalgamation with the British Associa- 
tion for the Advancement of Radiology and Physio- 
therapy to form the present British Institute of Radiology. 
Of the latter he was the first chairman of management, 
and at the time of his death he was its vice-president. 
He had much to do with what was probably the most 
important event in the history of radiology in England, 
viz. the establishment by Cambridge University of a 
Diploma in Medical Radiology and Electrology. In 
1925 an International Congress of Radiology was held 
in London. It was Dr. Knox who conceived the idea of 
this Congress and laid the plans which ensured its success. 
It was decided to hold a similar Congress triennially, and 
at the second, which was held in July 1928 at Stockholm, 
he was specially invited to give an address on the treat- 
ment of cancer by X-rays and radium. His reputation 
was international. He was an honorary member of 
various foreign radiological societies. For many years 
he was the editor of the periodical which is now the 
British Journal of Radiology. He wrote many important 
papers on radiology and was the author of an important 
book on the same subject. He was elected a Member of 
the Institution in 1921. In manner he was rather 
reserved, but he was always kind and gentle in disposi- 
tion. Under a quiet exterior there lay a boundless 
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energy and an immense capacity for strenuous work. He 
lived for radiology and died in its service. The high 
position now occupied by radiology in England is a 
Issting memorial to his name. E. P. C: 


ROBERT McALLISTER LLOYD died at his home 
in New York on the 14th December, 1927. He had 
always been prominently identified with the engineering 
profession, being particularly a pioneer in the electrical 
field. He was born in 1864 and was educated at 
the Germantown Academy (Philadelphia) and Lehigh 
University. Immediately after leaving the university, 
in 1886, he became chief engineer of the Daft Electric 
Co. and, as such, superintended the construction of 
electric railways in various parts of the United States. 
From this he turned to the development of the storage 
battery and was retained for many years as consulting 
engineer to the Electric Storage Battery Co. of Phila- 
delphia. This knowledge of batteries led to his connec- 
tion, in various official capacities, with the Planté Co., 
the Holland Submarine Boat Co., the Electric Boat Co. 
and the New York Transportation Co. In 1899 he 
became president of the Electric Vehicle Co., and in 
1901 he organized the Vehicle Equipment Co., which 
later became the General Vehicle Co., a subsidiary of 
the General Electric Co. When this company was 
liquidated in 1915, he went into business for himself 
as a consulting engineer. From 1916 he was president 
of Mantle and Co., Inc., machinists and engineers. 
Before he died he had been actively developing machinery 
for manufacturing paper containers for liquids. In this 
he was associated with Mr. Hart O. Berg of Paris. They 
had assisted in the organization of the Sealed Milk 
Containers Co. in London and the Sealed Containers 
Corporation in New York. He was elected a Foreign 
Member of the Institution in 1891 and became a Member 
in 1911. 


HENDRIK ANTOON LORENTZ, F.R.S., was born 
at Arnhem in 1853 and obtained the degree of doctor 
of philosophy at Leyden University in 1875. After 
teaching science in a local school for three years, he was 
appointed in 1878 professor of mathematical physics 
at Leyden University, and retained that position until 
his retirement in June 1923. He still continued to 
lecture there as an honorary professor, although he had 
accepted an appointment to direct the researches at the 
Teyler Institute, Haarlem. He died on the 4th February, 
1928. In addition to Dutch he spoke English, French, 
and German fluently, and his lectures were renowned 
for his clear exposition of the subjects dealt with. 
Throughout his career his researches in mathematical 
physics aroused world-wide interest. 
1878 with a treatise on the reflection and refraction of 
light, he developed the theory of the transmission 
of waves through metals, the electromagnetic theory 
of light, the theory of electrons and the constitution of 
matter, and the electrodynamic principle of relativity. 
Among those with whom he collaborated were Pro- 
fessors Kamerlingh Onnes, Zeeman and Einstein, and 
in 1920 he published a book on “ The Einstein Theory 
of Relativity.” An earlier work in English was ‘‘ The 
Theory of Electrons, and its Application to the Pheno- 


Commencing in 


mena of Light and Radiant Heat,” based on a course of 
lectures delivered in New York in 1906. The results 
of most of his researches will be found, however, in the 
Proceedings of the Amsterdam Academy. He lectured 
on several occasions in this country, the most recent 
being before the Royal Institution in 1923, when he 
took as his subject “ Radiation,” and before the Institute 
of Metals in 1925, when he dealt with “ The Motion of 
Electricity in Metals.” Among the honours conferred 
on him were the Nobel prize for physics, jointly with 
Prof. Zeeman, in 1902, the Rumford and Copley Medals 
of the Royal Society, the Franklin Gold Medal and the 
honorary degree of Sc.D. of Cambridge University. The 
Institution elected him an Honorary Member in 1919. 


THOMAS EDMUND MARSH was born on the 
15th October, 1862. He was educated at the Park 
Grammar School, Plymouth, and later attended evening 
classes at the Finsbury Technical College. For 10 
years, 1885-1894 inclusive, he was an assistant on the 
electrical staff of Messrs. Woodhouse and Rawson, 
during which time he was engaged in connection with 
tenders for electric lighting plant and in the testing and 
carrying out of installations. In January 1895 he was 
appointed a representative of the Silvertown Company 
and continued with that company until his retirement 
in 1922. Of his 27 years’ service, 4 years were spent in 
travelling in the United Kingdom, 5 years in charge of 
the company’s branch at Calcutta, 4 years in charge 
of their electrical department at Liverpool, and 13 years 
as branch manager of all the Silvertown Co.’s interests at 
Liverpool. He joined the Institution in 1888 as an 
Associate, became an Associate Member in 1899, and 
was transferred to full membership a few months before 
his death, which took place on the 20th September, 1928. 


WILLIAM CHARLES MOUNTAIN was born in 
Birmingham on the 16th April, 1862. He completed 
his education at Sutton Court School, Chiswick, and then 
served a full apprenticeship with the firm of May and 
Mountain, general engineers carrying on business in 
Birmingham. During this time he obtained very con- 
siderable experience in the manufacture of horizontal 
steam engines, boilers, rolling-mill machinery, flour- 
mill plant, coining presses and general work, also 
capstans and windlasses for the Admiralty. His father 
disposed of his business in 1882 to Messrs. Harfield and 
Co. of London, and Mr. W. C. Mountain was offered the 
management but declined to accept it as he felt that 
there was a much greater field in electrical work. He 
obtained in 1883 the appointment of engineer, and, 
later, that of general manager, and, finally, managing 
director, in the Gulcher Electric Light and Power Co., 
Ltd., of Battersea. He remained with this. firm for a 
period of five years, during which time, due largely to 
his engineering experience, he introduced a great many 
improvements in the mechancial and electrical design 
of dynamos, motors and arc lamps. While with this 
firm he designed the alternators and also the trans- 
formers for placing on poles in the streets for the City 
of Wellington Electric Light Co., the generators being 
driven by water turbines supplied by Messrs. Gilbert 
Gilkes and Co. In January 1888 he joined Mr. Ernest 
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Scott, of Newcastle-upon-Tyne, as partner, the firm 
being known as Ernest Scott and Co. Shortly after- 
‘wards it was made into a limited company under the 
name of Ernest Scott and Mountain, Ltd. The firm 
at that date manufactured marine engines, Admiralty 
auxiliary machinery, including pumps, and also did a 
very considerable business in gunmetal and brass 
castings. Mr. Mountain introduced the electrical side 
of the business and designed the dynamos, motors, etc., 
which the firm manufactured. About this time the 
Chairman of the Cowpen Coal Co. wanted water removed 
from a section of the North Seaton pit by means of 
electric power if possible, and the contract for this work 
was undertaken, the pump being of the 3-throw type of 
a capacity of 500 gallons per minute against a head of 
about 100 ft. The pump was driven by an electric 
motor through worm gearing from an engine on the 
surface 1% miles from the pump. This plant was most 
successful and at that time was the first serious attempt 
at colliery pumping in this country. Shortly after this 
the firm supplied the pumping plant for the Victoria pit 
of the Lowthian Coal Co., Newbattle. This was followed 
by a complete endless-rope haulage installation for the 
Broughton and Plas Power Coal Co., the haulage gear 
being of the 3-wheel type of 200 h.p. and driven from 
the generators on the surface. This plant was again 
so successful that the company extended the electri- 
fication to their pits at Gatewen and other collieries. 
From this time the electrical work of the company 
gradually grew and as the firm were in a position to 
manufacture their own pumps, haulage gears, high- 
speed engines, etc., they were in an exceptional position. 
This continued until 1912, when Mr. Mountain decided 
to resign his position with the company and commenced 
practice on his own behalf as a consulting engineer, 
later taking his son and son-in-law into partnership, and 
being chiefly engaged on mining work. He acted as 
electrical expert to the Mining Association of Great 
Britain in connection with the first set of Electricity 
Regulations in Mines in 1904 and again in 1911, and 
dealt with other matters in connection with these 
Regulations from time to time. He was elected an 
Associate of the Institution in 1888 and a Member in 
1899, and served for several years on the Committee of 
the Newcastle Local Section (now North-Eastern Centre), 
being chairman in 1912-13. He also took an active 
interest in the formation of the Association of Mining 
Electrical Engineers. K. A. M. 


LEE LATHROP MURRAY was born on the 16th July, 
1865, at Ararat in Victoria. He was educated at Wesley 
College, Melbourne, and afterwards attended the Mel- 
bourne University, where he took his degree. In 1887 
he entered .the Victorian Railway Survey Department. 
A year later he joined Messrs. Bloomfield Brothers, 
railway contractors, as chief constructional engineer and 
carried out the construction of the railway line from 
Terang to Mortlake. After severing his connection 
with that firm he left for a trip to England, Europe, and 
America in 1891. In 1892 he joined Messrs. Siemens 
Brothers and Co. and returned to Australia as their 
representative. In 1896 he moved to Sydney for the 
same company and remained there until 1900, during 


which period he carried out many important contracts, 
the principal being the installation of the Hobart 
Tramways, the electricity supply scheme for Launceston, 
and the installation of a large amount of machinery for 
mining work, In 1900 he resigned his post in Australia 
and came to England, and was made manager of the 
outside department of Messrs. Siemens Brothers. In 
1902 he proceeded to South Africa as manager to Siemens, 
Ltd., and carried out many large contracts, including 
the tramway scheme at Johannesburg. His force of 
character had ample opportunity for expression in 
South Africa, and it will be a long while before his friends 
there will forget his lovable nature, his strong features 
with the boyish eyes, and his happy powers of argument, 
The secret of his influence lay in his absolute genuineness, 
and he owed nothing to diplomacy. About 1906 he was 
appointed manager of the dynamo works at Stafford of 
Messrs. Siemens Brothers and Co. In 1908 he resigned 
his position and was appointed managing director for 
Messrs. Bruce, Peebles and Co., where his experience, 
business ability and consummate tact were brought into 
play. After four years in this capacity, he resigned and 
entered upon private practice in London, in association 
with Mr. H. D. Wilkinson. During this period he acted 
in a consulting and inspecting capacity for the State 
Electricity Commission of Victoria, the Adelaide Muni- 
cipal Tramways Trust, the Hydro-Electric and Railway 
Departments of the Government of Tasmania, and 
Messrs. Noyes Brothers of Melbourne and Sydney. 
He joined the Ministry of Munitions during the War 
period and rendered considerable service to the British 
Government, visiting Canada and the United States on 
their behalf to seek assistance and co-operation in the 
matter of munitions. He acted in an honorary advisory 
capacity on organization work to the Munitions Section 
of the Canadian Manufacturers’ Association and was 
able to increase the efficiency of many of the munition 
plants. In the early days of the War he put into 
effect his great desire to find a way to permanent 
industrial peace, and he founded and carried on the 
Industrial League in association with the late Rt. Hon. 
George Roberts and Mr. H. Scholey, C.B.E. Many 
gatherings were held at which both masters and men of 
all grades met in conference under sociable and friendly 
conditions, and a great spirit of co-operation was 
fostered in this country as the direct result of his untiring 
and self-sacrificing efforts. After the War he returned 
to his consulting practice in London. Illness, which 
first started during the War period, necessitated two 
operations and from the second of these he never com- 
pletely recovered. He died on the 27th March, 1928, 
at the age of 63. He was elected a Member of the 
Institution in 1891. H. D.W. 


ETHELBERT THOMAS RUTHVEN MURRAY 
was born in 1870 and was educated at Mill Hill and 
Oxford. After three years’ mechanical training he became 
an assistant engineer with the South Metropolitan Gas 
Co. He then decided to take up electrical engineer- 
ing and obtained an appointment on the staff of 
Messrs. J. E. H. Gordon and Co., and was engaged in 
connection with the design and construction of several 
electric lighting stations. In 1893 he was appointed 
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city electrical engineer of Aberdeen and superintended 
the erection of the electricity works which had been 
designed by Prof. A. B. W. Kennedy (afterwards Sir 
Alexander Kennedy). In 1895 he became city electrical 
engineer of Worcester and carried out large extensions 
to the works. In September 1898 he accepted an 
appointment as engineer to the Willesden Urban 
District Council and designed the electricity supply 
station at Willesden. When the station was purchased 
by the North Metropolitan Electric Power Supply Co. 
in February 1904, he was appointed chief engineer to 
the company and held that position until 1920. He 
then started to practise as a consulting engineer and was 
also interested in a special type of electric sign. He 
died on the 16th December, 1927. During the years 
in which he was connected with supply undertakings 
he invented a metal bridge-piece for lead-sheathed cables 
laid in troughing, and a special form of maximum- 
demand indicator. He was elected a Member of the 
Institution in 1898. 


WILLIAM NAIRN was born at Glasgow in 1878. 
He received his technical education at the Royal 
Technical College, Glasgow. After an apprenticeship 
with Messrs. Dubs and Co. (later the North British 
Locomotive Co., Ltd.) he went to Messrs. Greenwood 
and Batley of Leeds for electrical experience. In 1898 
he was appointed a charge engineer at the first tram- 
way power station of the Glasgow Corporation Tram- 
ways at Springburn, later becoming power station and 
rolling-stock superintendent and having charge of the 
overhead line. In 1901 he left Glasgow to take up an 
appointment with the newly formed London United 
Tramways, Ltd., and had charge of the distribution 
system, including mains, substations and overhead line. 
He was responsible for much of the constructional work 
and electrical development of that system. In 1911 
he returned to Glasgow to join the technical staff of the 
Clyde Valley Power Co. as constructional engineer and, 
later, aS mains engineer. He remained with them 
until 1917, when he moved to Bristol to take up an 
appointment as chief electrical engineer to the Bristol 
Tramways and Carriage Co., Ltd. He remained at 
Bristol until his death in February 1928 and was respon- 
sible for many improvements in the electrical system 
under his control, including extensions to, and the 
modernizing of, the power station equipment. He also 
acted in an advisory capacity to the Bristol Aeroplane 
Co. on the installation of special equipment for the 
testing of air-cooled aeroplane engines of large power, 
and on the installation and use of electrical power in 
their aeroplane and engine works. He was elected an 
Associate Member of the Institution in 1901 and a 
Member in 1905. He served as Chairman of the 
Western Centre during the Session 1924-1925 and was a 
member of the Committee of that Centre from 1920 to 
his death. He was a regular contributor to the dis- 
cussions, his contributions being always marked. by a 
happy combination of sound technical knowledge and 
shrewd common sense, rendering them eminently worth 
hearing. He was an associate member of the Institution 
of Civil Engineers and also a member of the Tramways 
and Light Railways Association and did valuable work 
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as a member of committees of the latter body and of 
the Bristol Association of Engineers. During the War, 
he acted as an honorary assistant to the Board of Trade 
Coal Mines Department. Outside his professional 
work, his interests were entirely devoted to his family 
and home. His whole life was characterized by a 
quiet efficiency and thoroughness and, while never 
seeking prominence, he was ready at all times to help 
others who sought his advice on technical or other 
problems. He was ever ready to forgive a mistake 
made in an honest attempt to get something done, but 
had little patience with inefficiency. His death, with 
tragic suddenness, has removed an outstanding per- 
sonality from the electrical world. H.R. B. 


ANTOINE PESCATORE was born in Luxemburg 
in 1868 and came of a family that had for several 
generations been well known in the Grand Duchy. 
He was educated at the college in Luxemburg and sub- 
sequently took a course of engineering at the Technical 
School at Aix-la-Chapelle. He then obtained com- 
mercial training, and afterwards joined one of the 
important steel works in the Grand Duchy. In 1895 
he came over to England and established the manu- 
facture of Tudor accumulators in’ this country, the 
inventor, Mr. Henri Tudor, being his brother-in-law, 
When the business was taken over by the Tudor Accumu- 
lator Co., Ltd., in 1897, Mr. Pescatore became the 
managing director, a post which he occupied for 22 years. 
During the whole of this time he was actively interested 
in the company, and it was largely due to his broad 
views and his commercial ability, combined with techni- 
cal knowledge, that, from very small beginnings, the 
business developed into such a highly successful one. 
In 1919, owing to ill-health, he resigned the position and 
returned to his native town of Luxemburg, where he 
interested himself in local matters; in the following 
year, in spite of ill-health, he accepted at a critical 
time the appointment of Minister of Industry and 
Commerce in the Government of the Grand Duchy. 
In carrying out his functions he dealt very successfully 
with the industrial unrest prevalent at that time in 
the local steel works, as elsewhere. He resigned from 
the Government after 15 months and was appointed 
Chargé d’Affaires to the Court of St. James’s. Later he 
moved to Brussels, where he died on the 16th December, 
1927, at the age of 59. Apart from his ordinary 
occupations, he was a man of wide culture, taking a 
great interest in art, literature and economics; he had 
a great charm of manner and all who knew him, as well 
as those who worked with him, bore him a sincere 
affection. He was elected a Member of the Institution 
in 1900. E. J. 


EMIL BERNHARD PETERSEN, Knight of the 
Order of ‘‘ Dannebrog,” Lieutenant in the Royal Danish 
Engineers, who died in Copenhagen on the 16th August, 
1927, was born in Copenhagen on the 24th January, 1853. 
He entered the service of the Great Northern Telegraph 
Co., Ltd. (Denmark), as a telegraphist at Copenhagen 
in 1874, and attended a course for electricians at the 
company’s cable depot. The following year he was 


.transferred to the Far East, and during his stay there 
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he served at the company’s Hong-Kong and Shanghai 
offices and also participated in several cable expeditions. 
After three years’ service in the Far East he was drafted 
to Europe and was stationed for eight months at Nystad 
(Finland). He subsequently took over the post as 
electrician-in-chief at the company’s London station, 
and was in 1879 transferred to the company’s head 
Office. During his period at the head office he partici- 
pated on many occasions in cable repairs and operations 
in connection with the laying of cables. He was pro- 
moted to engineer-in-chief of the technical department 
in 1882, in which capacity he was engaged until he left 
the company’s service in 1890. From 1890 to 1903 he 
was managing director of the Copenhagen Telephone 
Co., on the Board of which he remained from 1903 until 
his death. In 1903 he founded the Amager Bank, Ltd., 
in Kastrup, near Copenhagen, and was a director of it 
from its beginning. He joined the Institution as a 
Foreign Member in 1881, and was elected a Member 
in 1911. 


HERBERT JAMES READ, who met his death as 
the result of a level-crossing accident on the 4th May, 
1928, was educated at a private school at Luton 
and at evening classes at Regent Street Polytechnic. 
From 1883 to 1890 he was with J. Edmundson and Co. 
He was then appointed assistant engineer on the staff 
of Edmundsons Electricity Corporation, Ltd., subse- 
quently becoming engineer and, in 1901, contracts 
manager and engineer, a position which he held for many 
years. During that time he was responsible for design- 
ing and carrying out the installation of generating 
plants and distribution equipments for the firm. He 
afterwards founded the firm of Read and Partners, 
Ltd., electric light and power contractors, of which 
he was managing director at the time of his death. 
Although he led a very active life in the electrical 
industry he also interested himself considerably in 
church work, and was a great temperance advocate. 
He was elected an Associate of the Institution in 1897, 
an Associate Member in 1903, and a Member in 1918. 


ROBERT PERCY SELLON was the eldest son of 
Colonel Robert Sellon, R.E. He was educated at 
Bradfield College and afterwards received his technical 
education at the City and Guilds Technical Institute. 
In 1882 he joined the Brush Electrical Engineering Co., 
at that time called the Anglo-American Brush Electric 
Light Co. He was rapidly advanced and in 1890 was 
appointed assistant manager. In 1892 he became joint 
manager and in 1893 managing director. Subsequently 
the control of the Brush Co. was acquired by the British 
Electric Traction Co. and he ceased to be a director. 
In 1909 he became a director of the Electrical Power 
Distribution Co., which was also merged in the British 
Electric Traction Co. For some years afterwards he 
acted as director of various lighting and traction com- 
panies associated with the British Electric Traction Co., 
but when his engagements with Messrs. Johnson, Matthey 
and Co. increased he retired from the directorship of the 
B.E.T. Co. At the time of his death he was, a director 
of the County of London Electric Supply Co., Ltd., the 
Bournemouth and Poole Electricity Supply Co., and 
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the Richmond Light and Power Co. He was one of the 
first advocates oí the alternating-current system, with 
which the name of the Brush Company will always be 
associated. His early faith in alternating current has 
been fully justified by subsequent developments. In 
1897 he became a director of Otis Elevator Co., Ltd., 
of London and joined the board of Waygood-Otis, Ltd., 
on the formation of that company. He contributed 
largely to the success of these undertakings and his advice 
was sought on all important matters. In 1910 he joined 
the board of Messrs. Johnson, Matthey and Co., Ltd., 
the well-known bullion merchants and refiners, as an 
executive or managing director under the chairmanship 
of his uncle, the late Mr. John Sellon. He was a man 
widely read and of great experience in company business 
and had the affectionate regard of all those who had 
the privilege of working with him. His powers of 
expressing his thoughts in clear English of the best type 
or of stating a case under consideration were unusual, 
and his opinions were listened to with respect by all his 
colleagues. In private life his tastes were literary and 
he was a great reader. He was also an ardent lover of 
nature and also took a leading part in everything which 
had to do with the good of the village in which he lived. 
He died on the llth January, 1928, aged 64 years. 
He was elected a Member of the Institution in 1888 
and served on the Council from 1899 to 1902. R.HLT. 


ALEXANDER SIEMENS was the son of Gustave 
Siemens and Sophie Siemens (née Heise) and was born 
in Hanover on the 22nd January, 1847. When Hanover 
was annexed by Prussia in 1866 he automatically 
acquired Prussian nationality. In 1867 he came to 
England to assist his uncle, William (afterwards Sir 
William) Siemens, firstly in the workshops of Siemens 
Brothers at Woolwich and subsequently in connection 
with the firm’s contract for the erection of the Indo- 
European telegraph line in Persia. In 1871 he returned 
to Woolwich and was engaged for some time on the 
design and erection of regenerative furnaces. In 1875 
his attention was turned to submarine cables and he 
joined Siemens Brothers’ cable-ship ‘‘ Faraday ”” when 
that vessel was occupied with work at Halifax, N.S. 
Still keeping in touch with furnace work, however, he 
assisted in the erection of blast and steel furnaces for the 
Steel Company of Canada and at Pittsburg. Becoming 
a naturalized British subject in 1878 he took over, in 
the following year, the management of the electric light 
department of Siemens Brothers at Woolwich, which 
department, with other work in this connection, was 
engaged upon the manufacture of dynamos. Some of 
these machines were used for lighting the Albert 
Hall, the British Museum and the Royal Albert 
Docks. Another contract carried out by the company 
about this time was one for electrically lighting the 
streets of Godalming, Surrey, which town was the first 
to be so lighted in this country. Following the death 
of Sir William Siemens in 1883 he became a director 
of the company, which position he retained until 1918. 
He became a member of the Council of the Institution 
of Civil Engineers in 1898 and in 1910 he filled the office 
of the president of that Institution. He was a founder 
member of the Institution of Electrical Engineers and 
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- professor at the Delft Polytechnic. 
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was elected a Member of Council in 1880, subsequently 
becoming Vice-President in 1890 and President in 
1894, while he occupied the presidential chair a second 
time 10 years later. He was also a member of the 
Institution of Mechanical Engineers, the Iron and 
Steel Institute, the Physical Society, the Society of 
Engineers, president of the Junior Institute of Engi- 
neers in 1894 and secretary of the Royal Institution 
from 1913 to 1915 in succession to Sir William Crookes. 
He was instrumental in forming the London Associa- 
tion of Engineering and Shipbuilding Employers, of 
which Association he was the first president. He 
served as a member of the committee appointed in 1897 
to inquire into the desirability of establishing the 
National Physical Laboratory, and later joined the 
Executive Committee. He was also a member of 
the British Admiralty committee formed to consider the 
use of electricity on warships. He had inventive gifts 
and during his long association with Siemens Brothers 
was responsible for a number of patents. He died on 
the 16th February, 1928, aged 81, and at the time of 
his death he had long ceased to take any part in matters 
of business. He was of a kindly disposition and was 
very popular with a)l grades of employees. 


R. SISSINGH, a Knight of the Order of the Lion of 
the Netherlands, and professor of experimental physics 
at the Amsterdam University, graduated at the Uni- 
versity of Leyden and worked there with Prof. 
Kamerlingh Onnes. His thesis entitled ‘‘ Measurements 
of the Elliptic Polarization of Light” attracted much 
attention in 1885. He continued to lecture at the 
University of Leyden until 1890. He then became 
In 1897 he was 
appointed professor at the Amsterdam University and 
devoted much attention to experimental and research 
work, The study of problems in connection with light 
remained his favourite field of research and the many 
theses that were written under his guidance are evidence 
of this. Many of them will be found in the Proceedings 
of the Royal Academy of Sciences of Amsterdam, the 
Annalen der Physik, the Philosophical Magazine, the 
Archives Néerlandaises, and the Physikalische Zeitschrift. 
He died at Amsterdam on the 23rd October, 1927. He 
joined the Institution as a Foreign Member in 1892 and 
was elected a Member in 1911. AERC. 


THOMAS ROBERT SMITH was born at Shareshill, 
Wolverhampton, on the 15th March, 1870, and received 
his early education at Trent College. He served his 
apprenticeship as a mechanical engineer and was first 
engaged with the Electric Construction Co. of Wolver- 
hampton. He next joined, for a number of years, 
Messrs. J. G. Statter and Messrs. Chamberlain and 
Hookham. In 1904 he went to Leicester on being 
appointed chief electrical engineer to the tramways 
undertaking. In 1911, when the Electricity Committee 
was formed to take charge of the whole of the electricity 
supply in the city, he was made city electrical engineer. 
He was responsible for the erection and equipment of 
the Freemen’s Meadow generating station, the present 
capacity of which is 41750 kW. In 1904 the capital 
expenditure on the undertaking was £245 000, and by 


the time of his death in March 1928 it had increased 
to £1 846 000. He was elected an Associate Member of 
the Institution in 1901 and a Member in 1921, and in 
1924-25 he served as Chairman of the East Midland 
Sub-Centre. J.M. 


JAMES TAYLOR was born on the 24th December, 
1860, and was the second son of Mr. Henry Dyson 
Taylor, a well-known woollen manufacturer of Hudders- 
field. When he was quite young he made a voyage round 
the world and was always a most enthusiastic traveller, 
but it can be said of him that business always came first 
and pleasure after. He had a business training with 
John Dewhirst and Son of Elland, Yorkshire, in the 
combing and spinning of worsted yarn, and was first 
connected with the cable-making industry in 1884, 
when he and his brother-in-law, Mr. Frederick Whiteley, 
joined his brother, Mr. G. Crosland Taylor, who had 
commenced in the previous year to manufacture cables 
at the Deeside Electric Works, Neston, Cheshire. It 
was later found that this site was unsuitable and the 
business was transferred to Helsby, where railway 
facilities were good, and here Mr. James Taylor rendered 
outstanding service. A new private company was 
formed known as the Telegraph Manufacturing Co., Ltd., 
and its range of products was increased to include 
electrical instruments and batteries. The private 
company continued until the year 1898, when, ówing 
to the large demand for its products, it was found 
necessary to obtain a considerable amount of further 
capital, and a new public company was formed with the 
same name, the directors being Mr. James Taylor, 
Chairman, Mr. Crosland Taylor, Mr. Frederick Whiteley 
and Prof. John Hopkinson, but the last-named practically 
never acted, as he went on holiday to Switzerland almost 
immediately after the company was formed and met 
with a fatal accident. In order to increase the scope 
of the business an amalgamation was effected in 1902 
with the British Insulated Wire Co., of Prescot, and the 
combined concern adopted the title of British Insulated 
and Helsby Cables, Ltd. Mr. James Taylor became 
vice-chairman of the new board and succeeded to the 
chairmanship in 1918. He was closely identified with 
other branches of the electrical industry, being a director 
of the Midland Electric Corporation for Power Distri- 
bution, Ltd., the Electrical Finance and Securities Co., 
Ltd., the Electric Supply Company of Victoria, Ltd., 
the Colne Valley Electric Supply Co., Ltd., the British 
Aluminium Co., Ltd., the Automatic Telephone Manu- 
facturing Co., Ltd., the Foots Cray Electricity Supply Co., 
Ltd., the International Automatic Telephone Manu- 
facturing Co., Ltd., the National Electric Construction 
Co., Ltd., the North British Aluminium Co., Ltd., and the 
Northwood Electric Light and Power Co., Ltd. Apart 
from his business interests, he was a Justice of the 
Peace for the County of Chester, and had sat as a member 
of the Frodsham Bench for 27 years. He was president 
of the Helsby Athletic Club and of the Helsby Golf Club. 
In his earlier years he played both cricket and golf. 
After undergoing an operation, in October 1926, he 
spent the winter abroad to recuperate, returning to his 
home at Mold, North Wales, in the spring of 1927. This 
sojourn had not the desired effect, and he passed away 
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on the 2nd September, 1927, at the age of 66 years. 
He became an Associate of the Institution in 1889 and a 
Member in 1898. J.B. 


WALTER EDGAR TWELLS died, after a long 
illness, on the 21st April, 1928, in his 55th year. After 
a short service on the commercial side of the telegraph 
department of the Post Office, he was in 1896 transferred 
to the staff of the superintending engineer at Nottingham. 
In 1901, when the Post Office entered into competition 
with the National Telephone Co. for the development 
of the London telephone system, he was appointed 
engineer in charge of the Wimbledon Exchange area. 
The able way in which he developed that area caused 
him in 1907 to be transferred to the engineer-in-chief’s 
headquarters staff. While there he was engaged in 
‘the designs section in the provision of large telephone 
exchange systems. He had to leave headquarters for 
a short time in order to get promotion, but in 1911 he 
returned as an assistant staff engineer after passing a 
competitive civil service examination for the post. 
He came back when the inventory work, prior to the 
acquisition of the National Telephone Co.’s plant by the 
Post Office, was about to commence. He was given 
charge of a group engaged in the preparation of the 
large amount of statistical work involved in the Post 
Office case. For his share in this and the subsequent 
court proceedings he received the thanks of the Post- 
master-General. During the strenuous years of the War 
when the engineering staff of the Post Office was depleted 
to less than half strength he carried on at home the vital 
work of maintaining the line plant, much of which was 
in use for War purposes. In addition, for a year or so 
he devoted the whole of his leisure to training signallers 
for the Army and giving elementary lectures to them 
on the maintenance and care of telephones. When peace 
came and reconstruction and development became 
urgent, upon him fell much of the work of providing 
the main underground cables of the Post Office and the 
submarine cables required for cross-channel communi- 
cation. He carried a heavy burden of work cheerfully. 
However busy himself, he could always find time to 
give a colleague the benefit of his wide experience, and 
the way he did it caused all who knew him to like and 
respect him. He was elected an Associate Member in 
1921 and a Member in 1922. H. B. 


CHARLES VERNIER was born in London on the 
15th April, 1877, of French parents and, during his boy- 


hood, lived in France for several years and was partly 
educated there. His technical education was obtained 
at the Finsbury Technical College and the Regent 
Street Polytechnic. In the early nineties he came under 
the influence of Alphonse Reyrolle, whose name is still 
perpetuated in A. Reyrolle and Co., Ltd. He was one 
of Reyrolle’s first apprentices when the latter’s tendency 
to specialize on switchgear had not completely developed. 
As a consequence his apprenticeship embraced many and 
varied experiences, ranging from theatrical equipment 
for the production of new stage effects to the rewinding 
of alternators. He remained with Reyrolle until 1897, 
when: he was appointed electrician in charge of testing 
work at the Brockie-Pell Arc Lamp Co. In the year 
1899 he became associated with Charles H. Merz, under 
whom he worked at Cork in the capacity of assistant 
engineer on mains work, and in the year 1900 he was 
appointed mains engineer to the Newcastle-on-Tyne 
Electric Supply Co. This company was at that time 
at the commencement of its career of expansion, and 
during the whole of its development he was responsible 
for the mains work, including the pioneer underground 
20 000-volt system put down in 1906 and, in 1923, a 
main transmission system at 66000 volts, comprising 
both overhead lines and underground cable. In 1927 
he joined the Macintosh Co. as chief engineer, but his 
length of service with that company was too short to 
enable him to produce the developments in underground 
high-pressure transmission on which he had set his mind. 
Among many activities he took a leading part in the 
formation of the Electrical Power Engineers' Association 
and served as a member of its first National Executive 
Council. He was elected an Associate Member of the 
Institution in 1904 and a Member in 1911, and was a 
member of the Committee of the North-East Centre 
from 1911 to 1925 and Chairman of that Centre in 1913. 
From 1920 to 1923 he served on the Council. In addition 
to his Chairman's Address to the North-East Centre in 
1913, he read papers before the Institution on “ The 
Laying and Maintenance of Transmission Cables ” in 
1911, and “* Wayleaves *” in 1917, the latter paper being 
awarded the Paris Premium. He also served on a large 
number of committees and in particular was chairman 
of the Conductors Section of the British Electrical and 
Allied Industries’ Research Association and of the sub- 
committee of that organization dealing with the per- 
missible current loading of paper-insulated cables. At 
various times he patented a number of inventions relating 
to development in transmission problems. P. V.H. 
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H. M. Bartow, (P), 1001; (D), 1200. 
Measuring instruments, clecHucal, progress in. C. V. 
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to W. R. Cox. 80. 
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——, Faraday, awarded to J. A. FLEMING. 240, 566, 642. 
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, Informal, proceedings of. 162, 567. 
MELLANBY, J. Modern electric wiring. (D), 750. 
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(p), 127. 
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MIcHIE, A.C. Insulating oils for h.t. cables. (D), 836. 
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MipGLey, H. Higher steam pressures. (D), 1214. 
MILLINGTON, W. E. W. Higher steam pressures. 
MiLLs, C. H. Higher steam pressures. (D), 316. 
MILNE, A. J., and RawzL, R. H. Domestic applications of 
| electricity. (P), 735; (D), 786, 1207. 
MILNER, D. R. F. Modern electric wiring. (D), 757. 
Mines, electricity in, progress in. J. A. B. HORSLEY, (P), 124. 
MINTER, R. W. Design of wireless broadcasting stations. 
(D), 523. 
MITCHELL, E. A. Electric ploughing. 
MITCHELL, R. B. 
Electricity in warships. (D), 293. 
Modern electric wiring. (D), 764. 
Storage batteries and modern supply. (D), 488. 
MorFETr, F. J. Large electric baking ovens. (D), 590. 
Monk, S. G. Electricity in warships. (D), 1201. 
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MORDEY, W. M. 
Electrification of South African Railways. 
Vote of thanks to Sir O. Lodge for Kelvin Lecture. 
MORGAN, P. D. 
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Rating of low-pressure cut-outs. (P), 926; (D), 945. 
MORGAN, P. D., and WHITEHEAD, S. Sheath losses in single- 
core cables. (D), 238. 
Moss, H. Modern electric wiring. 


electricity in. J. A. B. HORSLEY, 
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(D), 316. 


(D), 1198. 


(D), 592. 


(D), 1051. 
1100. 


(D), 773. 


Motors, ELECTRIC. 


Breakdowns of slip-ring and squirrel-cage motors. E. 


TURNER, (d), 438. 
Circle diagram of induction motor. 
. 1174, 
Electric motors in mines. J. A. B. HorsLeEY, (p), 125. 

- Motors for electric ploughing. R. B. MATTHEWS, (p), 1182. 
Rating of traction motors, discussion on. 123. 
Rheostatic speed control of motor. H.Corron, (P), 790. 
Rotor windings of cascade motors. F. Lunp, (P), 227. 
Slip-ring and commutator. F. J. TEAGO, (P), 39. 
Squirrel-cage induction motors, D. B. HosEASoN, (P), 

410; (D), 425. 


L. H. A. CARR, (P), 
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(p), 987. 
MovuLLin, E. B. 
Applications of quartz resonators. (D), 869. 
Design of wireless broadcasting stations. (D), 524. 
Thermionic voltmeter for measuring alternating voltage 


J. S. HIGHFIELD, 


of any wave-form. (P), 886. 
MOUNTAIN, R. W. Higher steam pressures. (D), 121. 
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Munro, D: S. Modern electric wiring. (P), 712; (D), 782. 
MUNRO, G. H. Study of signal fading. (D), 884. 
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Murray, LEE L. Obituary notice. 1240. 
Museum, Home Office Industrial. 802. 
Myer, B. L. Modern electric wiring. (D), 780. 

N. 
Nairn, W. Obituary notice. 1241. 
Napier, F. D. Progress in coal combustion. (D), 1141. 
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Apparatus standards of telephonic transmission. (D), 189. 
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R. L. Smıru-Rose, (P), 270; (D), 274. 
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N. F. S. Hecnr, (P), 241; (D), 274. 
NAYLOR, W. S. Electricity in warships. (D), 298. 
Neon-tube wavemeter, quartz crystals and. G. W. N 
CoBBOLD and A. E. UNDERDOWN, (p), 861. 
NEVILL, H. A. Progress in coal combustion. 
New, C. G. M. 
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Domestic applications of electricity. (D), 1206. 
Electricity in warships. (D), 1201. 
Illuminating engineering. (D), 450. 
Track equipment of London underground railways. 
(D), 448. 
NICHOLLS, F. 

Automatic equipments for traction substations. 
Higher steam pressures. (D), 1209. 
Nickel-iron alloys and submarine cables. 

(p), 148. 
NIELSON, J. F. Electricity in warships. (D), 293. 
Nitrogen fixation. W. W. E. FRENCH, (p), 537. 
Nomenclature of telephonic transmission. B. S. COHEN, 
(p), 166. 


T. H. GILL and 


(D), 1127 


(D), 699. 


R. L. HuGues, 


Norris, E. T. Thermal rating- of transformers. (P), 841. 
Notes, Institution. (See Institution Notes.) 
O. 
Obituary notices. 1233. 
O'BRIEN, H. E. 
Electrification of South African Railways. (D), 1050. 


Willans Premium awarded to. 667. 
Opam, J. H. Automatic equipments for traction substations 


(D), 692. 
Officers, engineer, R. N., status of. 646. 
Oil films for batteries. E.C. McKINNON, (p), 458. . 


, insulating, for h.t. cables. T. N. RILEY and T. R. 
Scorr, (P), 805; (D), 831. 

ORSETTICH, R. Automatic equipments for traction sub- 
stations. (D), 688. 

Oscillograms of short-circuits on rotary convertor. 

JuHLIN, (d), 700; H. B. POYNDER, (p), 672. 
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Ovens, electric. (Also see Cooking.) 
, large electric baking. W. ELLERD-STYLES, (a, 569; 

(D), 586. 

Overhead line construction for South African Railways.. F, 
LYDALL, (p), 1031. | 

—— lines, economics of. E. A. LoGaN. (p), 1002. 

— lines in high winds. E. H. Lams, (P), 1079. 

lines, 1.t., new regulations for. 667. .. 

lines projected i in Great Britain. A. PAGE, (p), 8. 

lines, steel conductors for. E. C. WALTON, (P), 1065. 

Overload curves for transformers. E. T. Norris, (p), 853. - 

OwEN, W. D. Rating of low-pressure cut-outs. (D), 944. `` 
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PAGE, ALBERT, Higher steam pressures. (D), 121. 
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Presentation of Dr. Fleming’s portrait. 322. 
Presentation of Faraday Medal to Dr. Fleming. 1099. 
Speaking at Annual Dinner, 1928. 896. 
Speaking at Annual General Meeting, 1928. 1228, 1229. 
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PESCATORE, A. Obituary notice. 1241. 
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(P), 872; (D), 881. i 
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Phase angle of current transformer. W. I. PLACE, (P), 657. 
relations in beam systems. KR. M. WILMOTTE and J. S. 
McPETRIE, (P), 949. 
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1928. 1228. 
Philosophical Society, American, 200th anniversary of. 646. 
PHOENIX, W. Domestic applications of electncity: (D), 
779. 
Physics, the revolution in. Sir O. LopGE, (P), 1005. 
PINKNEY, W. F.T. 
Domestic applications of electricity. (D), 767. 
Modern electric wiring. (D), 767. 
Pipe joints for high pressures. A. H. Law and J. P. 
CHITTENDEN, (p), 115; C. H. MILts, (d), 316. 
w W. I. Ratio and passe angle of current transformer. 
P), 657. 
Previn, P. J. Higher steam pressures. (D), 1215. 
Ploughing, electric. R. B. MATTHEWS, (P), 1180; (D), 1191. 
Pocock, L. C. Apparatus standards of telephonic trans- 
mission. (D), 190. 
Polarization of accumulator plates. J. T. CRENNELL and 
F. M. LEa, (p), 533. l 


PooLEY, A. M. Rating of low-pressure cut-outs. (D), 942. 

PorTER, E. W. Automatic REE for traction sub- 
stations. (D), 698. | 

Portrait of Dr. Fleming, presentation of. 322. 

of Mr. Atkinson, presentation of. 566. 

Potentiometers, progress in. C. V. DRYSDALE, (p), 606. 

Power factor correction, economics of. G. F. MARSTELLER 
(P), 975. E NN 

factor indicators, progress in. C. -V. DRYSDALE, (p), 

599. 

factor of paper cables.. C. J. BEAVER, (d), 831; T. N. 

RILEY and T. R. Scorr, (p), 819. 

factor of 3-phase loads. A. RUSSELL, (p), 219. 

measurement in ae circuit with one wattmeter. 

H. M. Bartow, (P), 1001; (D), 1200. 


POWER SUPPLY. 


Applications of electricity in warships, discussion on. 290. 

Batteries, storage. (See Batteries.) 

Bulk supply, distribution of. S. G. MARSTON, (p), 67. 

Cables. (See CABLES AND CONDUCTORS.) 

Capital charges. J. S. HIGHFIELD, (p), 990; S. G. Mar- 
STON, (p), 69. w R 

Cheap electricity. A. B. MALLINSON, (P), 59. 

Consumption for lighting and cooking. S. G. MARSTON, 
(p), 68. 

Continuity of supply. KR. K. ROBERTSON, (P), 75. 

Development of electricity supply in Great Britain. A. 
PAGE, (P), 1. 

Economic transmission of electric power. E. A. LOGAN, 
(Pp), 1002. 

Economics of electric power production. W.T. TOWNEND, 
(P), 909; (D), 917. 

of power-factor correction. G. F. MARSTELLER, 

(e), 975. 

, power station. H. PATERSON, (p), 43. 

Fuel. (See Coal and also Fuel.) . 

Improvements in power-station operation. A. H. Law 
and J. P. CHITTENDEN, (p), 89. 

International Conference, fourth, on large electric systems. 


646. 

Irish Free State electrification prospects. L. J. KETTLE, 
(P), 49. 

Kilowatt-hours sold in Great Britain, 1882-1926. A. 
PAGE, (p), 3 


Legislation, recent. D. M. MacLEoD, (p), 30; C. G. M. 
New, (P), 24; A. PAGE, (p), 3. 

Overhead transmission lines. (See Overhead.) 

Power supply for electric ploughing. R. B. MATTHEWS, 
(p), 1182. 

supply in mines. J. A. B. HorsLEY, (p), 124. 

supply to Pietermaritzburg-Glencoe section of South 
African Railways. F. LYDALL, (p), 1023. 

Present position and prospects. A. Pace, (p), 10; 
J. E. Storr, (p), 55; H. E. YERBURY, (p), 70. 

Problems with 3-phase star loads. A. RUSSELL, (P), 219. 

Public electricity supply. D. M. MacLEOD, (P), 29. 

Regulations for radio apparatus connected to supply 
mains. 802. 

Stability of large power systems, discussion on. 795. 

Steam generation. (See Boiler, and also Steam.) 

Substations for electrification of South African Railways. 
F. LYDALL, (p), 1026. 

, traction, automatic equipments for. H. B. 
POYNDER, (P), 669; (D), 686. 

Tariffs. (See Tariffs.) 

Transmission. H. PATERSON, (p), 46. 

Utilization of power supply. J. E. Storr, (p), 58. 

World Power Conference. W. WILSON, (p), 34. 

Power Fuel Conference, 1928. 802. 


Very 


INDEX. 1255 
POYNDER, H. B. a RaAwLL, R. H. 
Automatic equipments for traction substations. (P), 669; Battery eliminators. (D), 560. 
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stations. (D), 702. 
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Presses, lead cable. P. DUNSHEATH and H. A. TUNSTALL, 
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, higher steam. A. H. Law and J. P. CHITTENDEN, 
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PRESTON, A. Domestic applications of electricity. (D), 1203. 
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of. 80. 

Coopers Hill War Memorial, for 1928. 451, 1003. 
——, George Montefiore, 1929, announcement of. 567. 
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Proceedings of the Institution. 80, 322, 562, 902, 1098, 1226. 
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Progress, engineering, psychology in. W. WILson, (P), 34. 
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Co-operative research in 1927. 
Council's report on. 645. 
Electrical measuring instruments. C. 

(P), 596. 

standardization, 1927. P. Goon, (P), 132. 
Electricity in mines. J. A. B. HORSLEY, (P), 124. 
Electrochemistry and electrometallurgy. W. W. E. 

FRENCH, (P), 537. : 
Integrating electricity meters. 
Price of progress reviews. 240. 

Prospects, electricity supply. A. PAGE, (p), 10; J. E. STORR, 

(p), 55; H. E. YERBURY, (p), 70. 

Protection, generator and feeder, reverse-power»a.c. relays 

for. G. E. Tay or, (P), 1148. 

Proton, constitution of. Sir O. Lopag, (p), 1017. 

Psychology in engineering progress. W. WILSON, (P), 34. 

Public Works Congress, 1929, prizes for papers at. 802. 

Purser, F. W. 

Elected Member of Council. 906. 
Large electric baking ovens. (D), 586. 
Speaking at Annual General Meeting, 1928. 1229. 

Purves, T. F. Speaking at joint meeting with American 

I.E.E. 663, 664. 

Pyrometers, electrical, progress in. C. V. DRYSDALE, (p), 601. 


E. B. WEDMORE, (P), 127. 


V. DRYSDALE, 


E. FawsseEtt, (P), 443. 


Q. 


Quantum theory. Sir O. Lopaz, (p), 1010. 
Quartz resonators, applications of. 
A. E. UNDERDOWN, (P), 855; (D), 866. 


R. 


RAILING, A. H. 
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Railways. (See TRACTION, ELECTRIC.) 
RANTZEN, H. B. Apparatus standards of telephonic trans- 
mission. (D), 193. 
RAPHAEL, F. C. Modern electric wiring. (D), 749. 
Rating of 1.t. cut-outs. P. D. Moraan, (P), 926; (D), 939. 
of traction motors, discussion on. 123. 
——, thermal, of transformers. E. T. Norris, (P), 841. 


G. W. N. CoBBOLD and | 


Large electric baking ovens. (D), 591. . 

RAWLL, R. H., and MILNE, A. J. Domestic ÓN of 
electricity. (P), 735; (D), 786, 1207. 

Rayleigh disc as-sound measurer. B. S.. COHEN, (p). 185. 


RAYNER, E. H. Study of signal fading. (D), 882. 
Reap, H. J. Obituary notice. 1242. 
REED, E. J. Modern electric wiring. (D), 751. 


REEMAN, H. F. Progress in coal combustion. (D), 1138. 

Refrigeration, electric. A. J. MILNE and R. H.. RAWLL, 
(p), 745. 

Registration Bill, Architects’. 646. 

Bill, Architects’, South Africa. 646. 

Bill, Engineers’. 646. 

Regulations, Electricity, Council's report on. 647. 

for radio apparatus connected to supply mains. 802. 

for starting of squirrel-cage motors. D. B. HOSEASON, 

(p), 423. SON 

, new, for 1.t. overhead lines. 667. 

-—, Wiring, and fuse-rating. P. D. MORGAN, (p), 927. 

——, Wiring, and modern wiring. D. S. MUNRO, (P), 713. 

—, Wiring, Council's report on. 647. | 

, Wiring, supplement to 9th edition of. 802. 

Relations Committee, International. 646. ' 

Relativity, theory of. Sir O. Lopce, (p), 1007. 

Relays, reverse-power a.c. G. E. TAYLOR, (P), 1148. 

, thermal, for rotary convertor. H. B. POYNDER, (p),680. 

——, timing of, in automatic telephone circuits. T. H. 
TURNEY, (P), 341. 

RENDALL, A. R. A., and HINTON, L. T. Line balances and 
terminal impedances. (D), 995. 

Repeaters in automatic telephone. T. H. TuRNEY, (p), 367. 

Report of Council for 1927-28. 642. 
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P. D. MORGAN, (P), 926; (D), 939. 

——, co-operative, in 1927. E. B. WEDMORE, (P), 127. 
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—— in industry. H. PATERSON, (p), 46. 
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(P), 872; (D), 881. 
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of steel conductors. E. C. WALTON, (p), 1065. 
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Resonant circuits, chains of. E. MALLETT, (P), 968. 

Resonators, quartz, applications of. G. W. N. CoBBOLD 
and A. E. UNDERDOWN, (P), 855; (D), 866. 

RETTIE, C. Electricity in warships. (D), 292. 
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RICHARDS, C. G, Domestic applications of electricity. 
(D), 1204. 
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RICHARDSON, W.P. Squirrel-cage induction motors. (D), 430. 
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E. V. APPLETON, 


mission. (D), 192. 
RIDSDALE, H. A.C. Large electric baking ovens. (D), 593. 
RiLeEY, T. N. Sheath losses in single-core cables. (D), 239. 
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ROBERTSON, A. T. Squirrel-cage induction motors. (D), 431. 
ROBERTSON D. Higher steam pressures. (D), 1216. 
ROBERTSON, R. K. Address as chairman of Dundee Sub- 
Centre. 75. 
ROBINSON, C. Line balances and terminal impedances. 
(D), 996. 
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ROBINSON, J. Rotating-loop transmitters for navigation. 
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Battery eliminators. (D), 559. i 
Storage batteries and modern supply. (D), 490. 
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RUSSELL, A. 
Presentation of Faraday Medal to Dr. Fleming. 1099. 
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S, 
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SAYCATCH, J. 
Illuminating engineering. (D), 450. 
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Scholarships for 1926-27, presentation of. 80. 
for 1927-28, award of. 83, 645. 
ScHOLES, G. E. Higher steam pressures. (D), 1210. 
SCHULTHESS, F. von. Automatic equipments for traction 
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SEDDON, E. i 
Higher steam pressures. (D), 1220. 
Modern electric wiring. (D), 754. 
Progress in coal combustion. (D), 1131. 
Stability of large power systems. (D), 797. 
Storage batteries and modern supply. (D), 487. 
SELLON, R. P. Obituary notice. 1242. 
SELVEY, W. M. 
Higher steam pressures. (D), 120. 
Progress in coal combustion. (D), 1123. 
SETTLE, T. Large electric baking ovens. (D), 587. 
SHARP, G. D. Storage batteries and modern supply. (D), 
488. 
SHAUGHNESSY, E. H. Elected Member of Council. 906 
SHaw, C. M. Progress in coal combustion. (D), 1127. 
SHAw, W. A. Modern electric wiring. (D), 764. 
SHEARER, A. G. Storage batteries and modern supply 
(D), 484. ; 
SHEARING, G. Applications of quartz resonators (D), 870. 
Ships, navigation of. (See Navigation.) 
——, propulsion of, by electricity. S. B. Jackson, (P), 
898. 
, war-, electricity in, discussion on. 290, 1201. 
Short-circuits and rotary convertors. H. Corton, (d), 699; 
G. A. JUHLIN, (d), 700; H. B. PoYNDER, (p), 670. 
SIEMENS, A. 
Obituary notice. 1242. 
Vote of condolence with family of. 903. 
Signal fading, study of. E. V. APPLETON, (P), 872; (D), 881. 
Signalling. (See TELEGRAPHY AND TELEPHONY.) 
Silk trades, B.O.T. returns for. J. S. HIGHFIELD, (p), 987 
SiLLs, G. F. o 
Automatic equipments for traction substations. (D), 702. 
Storage batteries and modern supply. (D), 494. 
Simons, D. M. Sheath losses in single-core cables. (D), 237 
SISSINGH, R, Obituary notice. 1243. 
SKINNER, W. R. T. Higher steam pressures. (D), 1217. 
Slip-ring and commutator. F. J. Teaco, (P), 39. 
Slugs and automatic telephone relays. T. H. Turney, (p), 
345. 
Smelting, electrothermal methods of. W. W. E. FRENCH, 
(p), 545. 
SMITH, G. E. Speaking at Annual General Meeting, 1928. 
1229. 
SMITH, JOHN. Domestic applications of electricity. (D), 
1206. | 
SMITH, ROGER T. 
Automatic equipments for traction substations. (D), 686. 
Electrification of South African Railways. (D), 1048. 
Speaking at Annual Dinner, 1928. 897. 
Vote of thanks to Dr. Eccles for services as President. 
80. 
SMITH, S. PARKER. 
Economics of electric power production. (D), 921. 
Modern electric wiring. (D), 752. 
SMITH, T. R. Obituary notice. 1243. 
SMITH-RosE, R. L. 
Aerials for rotating-beacon transmitters. (P), 270; (D), 278. 
Attenuation of wireless waves. (D), 214. ` 
Design of wireless broadcasting stations. (D), 526. 
Rotating-loop transmitters for navigation. (D), 277. 
SmITH-RoskE, R. L., and CHAPMAN, S. R. Rotating-beacon 
transmitter for marine navigation. (P), 256; (D), 278. — 
SNELL, Sir JoHN. Letter re Mr. Page's inaugural address. 
81. 
Soil, mechanical resistance of. R. B. MATTHEWS, (p), 1182. 
Solar eclipse, 1927, observations during. E. V. APPLETON, 
(p), 876. 
Sound, measurements of. B.S. CoHEN, (p), 173. 
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SOUTHERN, J. N. Storage batteries and modern supply. 
(D), 492. 

SPARKS, C. P. Vote of thanks to Mr. Page for inaugural 
address. 82. 

Speech reproduction, frequency range for. 
(p), 186. 

Speed control, rheostatic, of motor. 

Speirs, H. M. Modern electric wiring. (D), 766. 

SPURR, S. W. Progress in coal combustion. (D), 1139. 

Stability of large power systems, discussion on. 795. 

Stabilizers, frequency, quartz resonators as. G. W. N. 
CoBBOLD and A. E. UNDERDOWN, (P), 855; (D), 866. 

Standard, frequency, quartz resonators as. G. W. N. 
CoBBOLD and A. E. UNDERDOWN, (P), 855; (D), 886. 

instruments, progress in. C. V. DRYSDALE, (p), 614. 

of telephonic transmission. B. S. COHEN, (P), 165; (D), 

189. 

specification for 1.t. cut-outs. P. D. MORGAN, (p), 926. 

Standardization, electrical, 1927. P. GooD, (P), 132. 

of mining equipment. J. A. B. HorsLEY, (p), 126. 

of supply frequency. C. G. M. NEw, (p), 25. 

of thermal rating of transformers. E. T. Norris, (p), 

843. 

STARLING, B. Modern electric wiring. (D), 757. 

Startors for squirrel-cage motors. D. B. Hoszason, (p), 413. 

Stations, power. (See PowER SUPPLY.) 

Stations, wireless. (See WIRELESS.) 

Status of engineer officers, R.N. 646. 

Steam and waste-heat stations. W.T. TowNEND, (p), 910. 

generation, progress in coal combustion for. F. H. 

ROSENCRANTS, (P), 1101; (D), 1122. 

—— pressures, higher. A. H. Law and J. P. CHITTENDEN, 
(P), 89; (D), 117, 303, 1209. 

Steel conductors, electrical properties of. 

(P), 1065. 

, electrometallurgy of. W. W. E. FRENCH, (p), 542. 

STEVENSON, A. F. Modern electric wiring. (D), 754, 766. 

STEVENSON, B. J. Apparatus standards of telephonic trans- 
mission.’ (D), 196. 

Stokers, travelling grate. F. H. ROoSENCRAN?7S, (p), 1118. 

STONEY, G. Higher steam pressures. (D), 304. 

STORR, J. E. Address as chairman of North Midland Centre. 
54. 

Stress, electric, distribution round conductors. J. D. Cock- 
CROFT, (P), 385; (D), 900. 

, electric, round cable-ends. E. A. Beavis, (p), 1090. 

STRICKLAND, A.M. Squirrel-cage induction motors. (D), 438. 

STROMEYER, C. E. Higher steam pressures. (D),.317. 

Students’ Premiums, award of, for 1927-28. 906. 

Section, Mersey and North Wales (Liverpool), address 

of J. S. HIGHFIELD to. 984. 

Sections, Council’s report on. 644. 

Substations. (See PowER SUPPLY.) 

Summer Meeting. (See Meeting, Summer.) 

Swinton, A. A. C. Presentation of Dr. Fleming’s portrait. 
322, 

Switches and modern wiring. D. S. Munro, (p), 719. 

——, high-speed, for automatic substations. H. B. POYNDER, 

(p), 672. 

, time, progress in. E. Fawssett, (p), 446. 

Switch-tripping, batteries for. E. C. McKinnon, (p), 461. 


B. S. COHEN, 


H. Corron, (P), 790. 


E. C. WALTON, 


T. 


Tariffs. J. E. Storr, (p), 56. 
and domestic electrification. 
RAWLL, (p), 746. 

——, influence of, on wiring. D. S. Munro, (p), 726. 
——, two-part. H. E. YERBURY, (p), 73. 


A. J. MILNE and R. H. 


TAYLOR, A. M. 
Electrification of South African Railways. (D), 1054. 
Storage batteries and modern supply. ` (D), 489. 

TAYLOR, G. E. Reverse-power a.c. relays. (P), 1148. 

TayLor, H. W. Distribution of electrical stress round con- 

ductors. (D), 900. 

TAYLOR, JAMES. Obituary notice. 1243. 

TAYLOR, J. E. Attenuation of wireless waves. 

TEAGO, F. J. 

Address as chairman of Mersey and North Wales (Liver- 
pool) Centre. 39. 
Squirrel-cage induction motors. 


(D), 216. 


(D), 429. 


! 


TELEGRAPHY AND TELEPHONY. 


Apparatus standards of telephonic transmission. B. S. 
COHEN, (P), 165; (D), 189. 
Batteries for telephone exchanges. 
(p), 460. 
Cinematograph film illustrating Anglo-American telephone 
service, exhibition of. 663, 903. 
Developments in submarine cable design. R. L. HUGHES, 
(e), 140. 
Distortion in irregularly loaded lines. 
(P), 628; (D), 993. 
Line balances and termina] impedances. 
(P), 633; (D), 993. 
Radio telegraphy and telephony. (See WIRELESS.) 
Relay timing in automatic telephone circuits. T. H. 
TURNEY, (P), 341. 
Telephone communications on South African Railways. 
F. LYDALL, (p), 1035. 
Temperature tests on h.t. cables. C. J. BEAVER, (d), 831; 
T. N. Riley and T. R. Scorr, (p), 810. 
Temperature-rise calculations for transformers. 
Norris, (p), 851. 
Testing and inspection of installations. 
733. 
—— microphones and receivers. 
(D), 189. 
, pressure, of h.t. cables. E. A. Beavis, (P), 1086. 
sets, progress in. C. V. DRYSDALE, (p), 600. 
the ratio and phase angle of current transformer. W. I. 
PLACE, (P), 657. 
Tests, battery. E. C. McKinnon, (p), 459. 
on fusible cut-outs. P. D. MorGAN, (p), 931. 
Thermal instruments, progress in. C. V. DRYSDALE, (p), 
598. i 
rating of transformers. E. T. Norris, (P), 841. 
relay. H. B. POYNDER, (p), 680. 
Thermometers, electrical, progress in. 
601. 
Tuomas, E. Storage batteries and modern supply. (D), 491. 
TuHompson, C. B. Higher steam pressures. (D), 1216. 
THORNTON, W. M. Electrification of South African Railways. 
(D), 1055. 
THWAITES, R. A. S. Electricity i in warships. (D), 300. 
Time switches, progress in. E. FAWSSETT, (p), 446. 
Timing, relay, in automatic telephone circuits. T. H. 
TURNEY, (P), 341. 
Tompson, E. E. Automatic equipments for traction sub- 
stations. (D), 690. 
Tools, electric, for wiring. D. S. MUNRO, (p), 723. 
Toronto University, centenary of. 646. 
Tothill-street property, sale of. F. A. C. LEIGH, (d), 1228. 
Towers for 132-kV “ grid” transmission line. A. PAGE, 


E. C. McKinnon, 


A. G. WARREN, 


A. G. WARREN, 


E. T. 
D. S. MUNRO, (p), 


B. S. COHEN, (P), 165 


C. V. DRYSDALE, (p), 


(p), 6. 
TowNEND, R. Automatic equipments for traction sub- 
stations. (D), 702. 


TownEND, W. T. Economics of electric power production. 
(Pr), 909; (D), 922. 
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TOWNLEY, J. W. J. 
Automatic equipments for traction substations. (D), 689. 
Higher steam pressures. (D), 120. 


TRACTION, ELECTRIC. 


Battery locomotives in mines. J. A. B. HoRSLEY, (p), 


126. 


Electrification of Pietermaritzburg-Glencoe section of 
South African Railways. F. LYDALL, (P), 1021; (D), 


1048. 
Rating of traction motors, discussion on. 123. 


Track equipment of London underground railways, dis- 


cussion on. 447. 


Traction substations, automatic equipments for. H. B. 


POYNDER, (P), 669; (D), 686. 
Trade. (Also see Commerce and Industry.) 
, foreign. W. Witson, (p), 35. 
prospects. C. G. M. NEw, (p), 28. 
returns, B.O.T. J. S. HIGHFIELD, (p), 987. 
Training. (See EDUCATION.) 
Transfers. 83, 564, 903, 905, 1098, 1227. 
Transformers, and economics of power-factor correction. 
G. F. MARSTELLER, (p), 982. 
—— and electric ploughing. R. B. Matthews, (p), 1183. 
, current, ratio and phase angle of. W. I. PLACE, (P), 657. 
—, 9-phase, for 9-ring convertor. L. H. L. BADHAM, (p), 
1172. 
, thermal rating of. E. T. Norris, (P), 841. 
Transmission lines, overhead. (See Overhead.) 
, power. (See POWER SUPPLY.) 
, radio. (See WIRELESS.) 
, telephonic. (See TELEGRAPHY AND TELEPHONY.) 
Transport charges and power production. W. T. TOWNEND, 
(p), 912. 
Congress, 1929, prizes for papers at. 802. 
Transporters, pulverized-fuel. F. H. ROSENCRANTS, (p), 1108. 
Trees, field distortion round. R. H. BARFIELD, (p), 211. 
Trickle-charging of batteries. F. BarLey, (d), 478; E. C. 
McKinnon, (p), 467; E. Tuomas, (d), 491. 
TUNSTALL, H. A., and DuNSHEATH, P. Physical properties 
of lead cable-sheaths. (P), 280; (D), 641. 
Turbine, steam, and higher steam pressures. A. H. Law 
and J. P. CHITTENDEN, (P), 89; (D), 117, 303, 1209. 
Turbo-generators. (See GENERATORS, ELECTRIC.) 
TURNER, E. Squirrel-cage induction motors. (D), 438. 
TURNER, P. K. Design of wireless broadcasting stations. 
(D), 520. 
TURNER, P. S. Electrification of South African Railways. 
(D), 1049. 
TuRNEY, T. H. 
Premium awarded to. 666. 
Relay timing in automatic telephone circuits. (P), 341. 
TweLLs, W. E. Obituary notice. 1244. 


U. 


UNDERDOWN, A. E., and CoBBOLD, G. W. N. 
Applications of quartz resonators. (P), 855; (D), 871. 
. Wireless Section Premium awarded to. 667. 
Underground Railways of London, track equipment of, dis- 
cussion on. 447. 
UNDERHILL, S. J. Applications of quartz resonators. (D), 
868. 
University College, London, centenary of. 646. 
—— of Toronto, centenary of. 646. 


V. 


Valve, stop, for Benson turbine. A. H. Law and Je P. 


CHITTENDEN, (p), 116. 
Ventilators, roof. H. B. POYNDER, (p), 678. 


Ventimotor. E. C. McKINNoN, (p), 466. 
VERNIER, C. Obituary notice. 1244. 
VIGNOLES, W. A. 
Domestic applications of electricity. (D), 748. 
Elected Member of Council. 906. 
Modern electric wiring. (D), 748. 
| Voltage breakdown, calculation of. J. D. CockcroFT, (p), 


396. 

oscillations in 9-ring rotary convertor. L. H. L. BADHAM, 
(p), 1171. 

testing of h.t. cables. E. A. Beavis, (P), 1086. 
Voltmeter. (Also see Instruments.) 

, thermionic, for measuring alternating voltage of any 
wave-form. E. B. MOULLIN, (P), 886. 


W. 


Warte, J. N. Higher steam pressures. (D), 1217. 
WALBURN, J. B. Modern electric wiring. (D), 775. 
WALKER, V. Progress in coal combustion. (D), 1137. 
Waris, T S. Higher steam pressures. (D), 1216. 
WaLsH, J. W. T. Illuminating engineering. (D), 450. 
Watton, E. C Electrical properties of steel conductors. 
(P), 1065. 
War Memorial Prize, Coopers Hill, for 1927, presentation of. 
80. 
Memorial Prize, Coopers Hill, for 1928. 451, 1003. 
—— Thanksgiving Research Fund Grants: 
1927. L.H. DANIEL. 83, 645. 
1927. A. P. Jarvis. 83, 645. 
1927. D. M. ROBINSON, 83, 645. 
1927. M. Waters. 83, 645. 
WARD, P. 
Domestic applications of electricity. (D), 768. 
Large electric baking ovens. (D), 594. 
Modern electric wiring. (D), 768. 
WARREN, A.G. 
Attenuation of wireless waves. (D), 215. 
Distortion in irregularly loaded lines. (P), 628; (D), 997. 
. Line balances and terminal impedances. (P), 633; (D), 
997. 
Warships, electricity in, discussion on. 290, 1201. 
Waste-heat stations, steam and. W. T. TOWNEND, (p), 910. 
Water, cooling, and transport costs. W. T. TOWNEND, (p), 
912. 
power in Ireland. L. J. KETTLE, (p), 50. 
power in Scotland. D. M. MacLEoD, (p), 33. 
tester, electrolytic. E. C. McKINNON, (p), 457. 
WATERS, M. War Thanksgiving Research Fund grant to. 
83, 645. 
Watson, E. A. Battery eliminators. (D), 559. 
Watson, S. J. 
Economics of electric power production. (D), 919. 
Speaking at Annual General Meeting, 1928. 1229. ` 
Watt, R. A. W. Design of wireless broadcasting stations. 
(D), 524. 
Wattmeter, one, power measurement in 3-phase circuit with. 
H. M. Bartow, (r), 1001; (D), 1200. ' 


. —— type, reverse-power a.c. relays of. G. E. TAYLOR, 


(p), 1148. 
Wavemeters and quartz crystals. G. W. N. CoBBOLD and 
A. E. UNDERDOWN, (p), 861. 
Waves, ether. Sir O. LopGE, (p), 1006. 
WEBB, J. K. Sheath losses in single-core cables. (D), 237. 
WEDGWwO0OD, Sir R. Speaking at Annual Dinner, 1928. 897. 
WEDMORE, E. B. 
Co-operative research in 1927. (P), 127. 
Rating of low-pressure cut-outs. (D), 944. 
WEIGHTMAN, W. Apparatus standards of telephonic trans- 
mission. (D), 199. 
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West, W. Apparatus standards of telephonic transmission. | WIRELESS (continued). 
(D), 193. Current distribution in transmitting antenna. R. M. 


WHEELWRIGHT, P. P. Higher steam pressures. 
WHITAKER, F. P. 


(D), 317. 


Automatic equipments for traction substations. (D), 700. 
Electrification of South African Railways. (D), 1054. 
WHITEHEAD, S. Rating of low-pressure cut-outs. (D), 943. 


WHITEHEAD, S., and Morcan, P. D. Sheath losses in single- 
core cables. (D), 238. 

_ WHITEHORN, H. K. Squirrel-cage induction motors. (D), 
429. 

WILKINSON, E. R. Higher steam pressures. (D), 119. 

Willans Premium. Awarded to H. E. O'BRIEN. 667. 

WiLLiams, B. Applications of quartz resonators. (D), 869. 

WiLLiams, F. H. Automatic equipments for traction sub- 
stations. (D), 691. 

WILMOTTE, R. M. 


Attenuation of wireless waves. (D), 215. 

Current distribution in transmitting antenna. (P), 617. 
Directivity of beam systems. (P), 955. 

Nature of field near antenna. (P), 961. 

Rotating-loop transmitters for navigation. (D), 276. 


WILMOTTE, R. M., and McPerrig, J. S. 
beam systems. (P), 949. 
WILMSHURST, A. P. Automatic equipments for traction sub- 


Phase relations in 


stations. (D), 698. 

Witson, J. C. Automatic equipments for traction sub- 
stations. (D), 693. 

WILson, W. 


Address as chairman of South Midland Centre. .34. 
Rating of low-pressure cut-outs. (D), 939. 
Speaking at Annual General Meeting, 1928. 
Squirrel-cage induction motors. (D), 430. = 
Wind, high, and overhead lines. E. H. Lams, (P), 1079. _ 


1229. 


Windings, rotary-convertor field. H. B. POYNDER, (p), 675. 
, rotor, of cascade motor. F. Lun, (P), 227. 


WIRELESS. 


Aerials for rotating-beacon transmitters. 
RosE, (P), 270; (D), 274. 

Antenne and atmospherics. A. G. LEE, (p), 17. 

Applications of quartz resonators. G. W. N. CoBBOLD 
and A. E. UNDERDOWN, (P), 855; (D), 866. 

Atmospherics and transatlantic telephony. A. G. LEE, 
(p), 12. 

Attenuation of wireless waves over land. R. H. Bar- 
FIELD, (P), 204; (D), 214. 

Battery eliminators, discussion on. 559, 

Chains of resonant circuits. E. MALLETT, (P), 968. 


R. L. SMITH- 


‘Wiring, modern electric. 


v7. ——— Regulations. 
motors for battery charging. E.C. McKINNON, (p), 465. 


WILMOTTE, (P), 617. 

Design of broadcasting stations. 
501; (D), 520. 

Directivity of beam systems. R. M. WILMOTTE, (P), 956. 

Joint meeting with American I.E.E. by wireless telephony. 
644, 663, 903. 

Nature of field near antenna. 

Phase relations in beam systems. 
J. S. McPeErRIE, (P), 949. 

Radio-frequency apparatus, progressin. C. V. DRYSDALE, 
(p), 612. 

Regulations for radio apparatus connected to supply 
mains. 802. 

Rotating-beacon transmitter for marine navigation. 
R. L: SmiTA-ROSE and S. R. CHAPMAN, (P), 256; (D), 274. 

Rotating-loop radio transmitters. T. H. GIL and 
N. F. S. HEcur, (P), 241; (D), 274. 

Study of signal fading. E. V. APPLETON, (P), 872; (D), 
881. 

Thermionic voltmeter for measuring alternating voltage 
of any wave-form. E. B. MourLin, (P), 886. 

Transatlantic telephony and atmospherics. A. G. LEE, 
(p), 12. 

Wireless Section, Address of A. G. LEE as chairmän of. 
12. 


P. P. ECKERSLEY, (P), 


R. M. WILMOTTE, (P), 961. 
R. M. WILMOTTE and 


Section Committee for 1927-28. 85. 

Section Committee, 1928-29, nominations for. 
Section, Council’s report on. 644. 

— Section Premiums, award of, for 1927-28. 667. 
—— Section, proceedings of. 84, 161, 324, 667. 

D. S. Munro, (P), 712; (D), 748. 
(See Regulations.) 


668. 


WOODHOUSE, W. B. 


Economics of electric power production. (D), 917. 
Large electric baking ovens. (D), 589. 
Woops, R. C. Modern electric wiring. (D), 758. 


World Power Conference. (See POWER SUPPLY.) 


xX. 
X-ray spectrographs, progress in. C. V. DRYSDALE, (p), 614. 


Y. 
YERBURY, H. E. Address as chairman of Sheffield Sub- 
Centre. 70. _ 
YOUNG, H. T. Speaking at Annual General Meeting, 1928. 
1229. . 
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